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PREFACE. 


The  following  woA  is  intended  for  the  instruction  of  general  readers,  to  direct 
Ibeir  attention  to  the  study  of  the  heayens,  and  to  present  to  their  yiew  sublime  ob- 
jects of  contemplation.  With  this  view  the  author  has  avoided  enteHng  on  the  more 
sbstruse  and  recondite  portions  of  astronomical  science,  and  confined  his  attention 
chiefly  to  the  exhibition  of /acts,  the  foundation  on  which  they  rest,  and  the  reason- 
ings by  which  they  are  supported.  All  the  prominent  facts  and  discoveries  connected 
with  descriptive  astronomy,  in  so  far  as  they  relate  to  the  planetary  system,  are  here 
recorded,  and  many  of  them  exhibited  in  a  new  point  of  view ;  and  several  new  facts 
and  observations  are  detailed  which  have  hitherto  been  either  unnoticed  or  unrecorded. 

The  results  of  hundreds  of  tedious  calculations  have  been  introduced  respecting 
th^olid  and  superficial  contents  of  the  difierent  planets,  their  satellites,  and  the 
rings  of  Saturn ;  their  comparative  magnitudes  and  motions,  the  extent  of  their 
orbits,  the  apparent  magnitudes  of  bodies  in  their  respective  firmaments,  and  many 
other  particulars  not  contained  in  books  of  astronomy,  in  order  to  produce  in  the 
minds  of  common  readers  definite  conceptions  of  the  magnitude  and  grandeur  of  the 
solar  system.  The  mode  of  determining  the  distances  and  magnitudes  of  the  celes- 
tial bodies  is  explained,  and  rendered  as  perspicuous  and  popular  as  the  nature  cf 
the  subject  will  admit;  and  the  prominent  arguments  which  demonstrate  a  plurality 
of  worlds  ttie  considered  in  all  their  bearings,  and  illustrated  in  detail. 

One  new  department  of  astronomical  science,  which  has  hitherto  been  overlooked, 
aas  been  introduced  into  this  volume,  namely,  the  scenery  cf  the  heaoeru  as  exhibited 
^rom  the  surfaces  cf  the  different  planets  and  their  saieliites^  which  forms  an  interesting 
object  of  contemplation,  and,  at  the  same  time,  a  presumptive  argument  in  favour  of 
the  doctrine  of  a  plurality  of  worlds. 

The  author,  having  for  many  years  past  been  a  pretty  constant  observer  of  celes- 
tial phenomena,  was  under  no  necessity  of  adhering  implicitly  to  the  descriptions 
given  by  preceding  writers,  having  had  an  opportunity  of  observing,  through  some 
of  the  best  reflecting  and  achromatic  telescopes,  the  greater  part  of  the  phenomena 
of  the  solar  system  which  are  here  described. 

Throughout  the  volume  he  has  endeavoured  to  make  the  facts  he  describes  bear 
upon  the  illustration  of  the  Power,  Wisdom,  Benevolence,  and  the  Moral  Govern- 
ment of  the  Almighty,  and  to  elevate  the  views  of  the  reader  to  the  contemplation  of 
Him  who  sits  on  the  throne  of  the  universe,  "  by  whom  the  worlds  were  framed," 
and  who  is  the  Source  and  Centre  of  all  felicity. 

In  prosecuting  the  subject  of  Celestial  Scenery, theauthor  intends,  in  another 
volume,  to  carry  forward  his  survey  to  the  Starry  Heavens  and  other  objects  con- 
nected with  astronomy.  That  volume  will  embrace  discussions  relative  to  the 
number,  distance,  and  arrangement  of  the  stars ;'  periodical  and  variable  stars ;  new 
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and  temporaiy  atais ;  doable  and  triple  atars ;  binary  syatema ;  stellar  and  plafietarf 
nebulas ;  the  comets,  and  other  particulars ;  accompanied  with  such  reflections  as 
the  contemplation  of  such  august  objects  may  suggest.  The  subject  of  a  plurality 
of  worlds  will  likewise  be  prosecuted,  and  additional  arguments,  derived  both  firom 
reason  and  Revelation,  will  be  adduced  in  support  of  this  position.  The  practical 
utility  of  astronomical  studies,  their  connexion  with  religion,  and  the  views  they 
unfold  of  the  perfections  and  the  empire  of  the  Creator,  will  also  be  the  subject  of 
consideration.  And  should  the  limits  of  a  single  volume  permit,  some  hints  may 
be  given  in  relation  to  the  deaidercUa  in  astronomy,  and  the  means  by  which  the  - 
progress  of  the  science  may  be  promoted,  together  with  descriptions  of  ^e  telescope, 
the  equatorial,  and  other  instruments,  and  the  manner  of  using  them  for  celestial 
investigation. 

Brouobtt  Fcrrt,  near  Dundxx,  > 
DeecmbeTf  1837.  ) 
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INTRODUCTION. 

AiTBOvoirr  is  that  department  of  know-  ehining  orba  it  contains,  moving  in  olent 
ledge  which  has  for  its  object  to  investigate  grandeur,  like  one  vast  concave  ^here,  around 
&e  motions,  the  magnitodes,  and  distances  of  this  lower  world  and  the  place  on  which  we 
the  heavenly  bodies ;  the  laws  by  which  their  stand — such  a  scene  naturally  leads  a  reflect- 
movements  are  directed,  and  the  ends  they  are  ing  mind  to  each  inquiries  as  these :  Whence 
intended  to  subserve  in  the  fabric  of  the  uni*  come  those  stars  which  are  ascending  from 
¥ene.  This  is  a  science  which  hasin  all  ages  the  east?  Whither  have  those  gone  wMch 
engaged  the  attention  of  the  poet,  the  philoso-  have  disappeared  in  the  west?  What  be- 
pher,  and  the  divine,  and  been  the  subject  of  comes  of  the  stars  during  the  day  which  are 
tiieir  study  and  admiration.  Kings  have  de-  seen  in  the  night?  Is  &e  motion  which  ap- 
Boended  fiom  their  thrones  tarender  it  homage,  pears  in  the  celestial  vault  realy  or  does  a  mo- 
•nd  have  sometimes  enriched  it  with  their  la-  tion  in  the  earth  itself  cause  this  appearance  ? 
boors ;  and  humble  shepherds,  while  watching  What  are  those  immense  numbers  of  shining 
*heir  flocks  by  night,  have  behdd  with  rapture  orbs  which  appear  in  every  part  of  the  sky  ? 
the  blue  vault  of  heaven,  with  its  thousand  Are  they  mere  studs  or  tapers  fixed  in  the 
aUntng  oibs,  moving  in  silent  grandeur,  till  arch  of  heaven,*  or  are  they  bodies  of  im- 
Cfae  morning  star  announced  the  approach  of  menso  size  and  splendour  ?  Do  they  diine 
^y.  The  study  of  this  science  must  haye  with  borrowed  light,  or  with  their  own  native 
been  coeval  with  the  existence  of  man ;  for  lustre  ?  Are  they  placed  only  a  &w  miles 
there  is  no  rational  being  who  has  for  the  first  above  the  region  of  &e  clouds,  or  at  immense 
time  lifted  his  eyes  to  the  nocturnal  sky,  and  distances^  beyond  the  range  of  human  com- 
beheld  die  moon  walking  in  brightness  amidst  prehension  ?  Can  their  distance  be  ascer- 
the  planetBsy  oxbs  and  the  host  of  stars,  but  tained?  Can  their  bulk  be  computed?  By 
must  have  been  struck  with  admiration  and  what  laws  are  their  motions  regulated  ?  and 
wonder  at  the  splendid  scene,  and  excited  to  what  purposes  are  they  destined  to  subserve 
inquiries  into  the  nature  and  destination  of  in  the  great  plan  of  the  universe  ?  These, 
those  &ivdistant  orbs.  Compared  with  the  and  similar  questions,  it  is  the  great  object  of 
splendour,  the  amplitude,  the  august  motions,  astronomy  to  resolve,  in  so  far  as  the  human 
and  the  ideas  of  infinity  which  the  celestial  mind  has  been  enabled  to  prosecute  the  pa& 
vault  presents,  the  most  resplendent  terrestrial  of  discovery. 

scenes  sink  into  inanity,  and  appear  unworthy  For  a  long  period,  during  the  infancy  of 
of  being  set  in  competition  with  the  glories  science,  comparatively  little  was  known  of  the 
of  the  Aj»  heavenly  bodies  excepting  their  apparent  mo- 

When,  on  a  clear  autumnal  evening,  after  tions  and  aspects.  Instead  of  investigating 
jnset,  we  take  a  serious  and  attentive  view  with  care  their  true  motions,  and  relative  dis- 
of  the  celestial  canopy ;  when  we  behold  the  tances  and  magnitudes,  many  of  oar  ances- 
moon  displaying  her  brilliant  crescent  in  the  tors  looked  up  to  the  sky  either  with  a  brtite 
western  sky ;  the  evening  star  gilding  the  unconscious  gaze,  or  viewed  the  heavens  as 
shades  of  lu^dit;  the  planets  moving  in  theur  the  book  of  fkte,  in  which  they  might  read 
several  orbs ;  the  stars,  one  after  another,  their  future  fortunes,  and  learn,  from  Uie  signs 
emerging  from  the  blue  ethereal,  and  graduaUy  of  the  zodiac,  and  the  conjunctions  and  o^er 
lighting  up  the  firmament  till  it  appear  all  aspects  of  the  planets,  the  temperaments  and 
over  spangled  vrith  a  brilliant  assemblage  of  destinies  of  men  and  the  frttio  of  empires, 
shining  ortis;  and  particularly  when  we  be-  And  even  to  this  day,  in  many  countries,  the 
h<^  one  cluster  of  stars  gradually  descending  fallacious  art  of  prognosticating  fortunes  by 
below  the  toestem  horizon,  and  other  clusters  the  stars  is  one  of  the  chief  uses  to  which  the 
emerging  from  the  etut,  and  ascending,  in  science  of  the  heavens  is  applied.  In  the 
unison,  ttie  canopy  of  heaven ;  when  we  con-  ages  to  which  I  allude,  the  world  in  which 
Implate  the  whoie  celestial  vault,  with  all  the  we  dwell  was  considered  as  the  largest  body 
(»  t361) 
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in  the  miitcne.  It  wm  sappoeed  to  be  an  beyond  tbe  limits  of  the  unaaosted  eye,  and 
immense  plane,  diyenified  with  a  few  ine-  to  diacoTer  myriads  of  magnificent  globes  for* 
qualities,  and  stretching  in  evexy  direction  to  merly  hid  in  the  unexplored  regions  of  im- 
an  indefinite  extent  How  the  sun  penetrated  mensity.  The  planetaiy  orbs  were  found  to 
or  surmounted  this  immense  mass  of  matter  bear  a  certain  resemblance  to  the  earth,  having 
evexy  morning,  and  what  became  of  him  in  spots  and  dark  streaks  of  difierent  shades 
tile  evening — ^whether,  as  the  poets  assert,  he  upon  their  surfaces ;  and  it  was  not  long  in 
extinguished  himself  in  the  western  ocean,  being  discovered  that,  notwithstanding  their 
and  was  again  lighted  up  in  the  eastern  eky  apparent  brilliancy,  they  are,  in  reality,  opaque 
in  the  moming-^many  of  them  could  not  de-  globes,  which  derive  all  their  light  and  lustre 
termine.  Below  this  mass  of  matter  we  call  from  the  sun.  The  planet  Venus,  in  difibrent 
the  earth,  it  was  conceived  that  nothing  but  parts  of  its  oibit,  was  observed  to  exhibit  a 
darkness  and  empty  space,  or  the  regions  of  gibbous  phase,  and  the  form  of  a  crescent 
Tartarus,  could  exist  The  stars  which  gild  simUar  to  the  moon,  plainly  indicating  that  it 
the  concave  of  the  firmament  above  were  con-  is  a  dark  gbbe,  enlightened  only  on  one  side 
sidered  only  as  so  many  bright  studs  fixed  in  by  the  rays  of  the  sun.  The  moon  was  per- 
a  crystalline  sphere,  which  carried  them  round  ceived  to  be  diversified  with  hills  and  valleys, 
every  day  to  emit  a  few  glimmering  niya,  and  caverns,  rocks,  and  plains,  and  ranges  of 
to  adorn  the  ceiling  of  our  terrestrial  habita-  mountains  of  every  shape,  but  arranged  in  a 
tion.  Above  the  visible  firmament  of  heaven,  manner  altogether  different  from  what  takes 
and  for  beyond  tbe  ken  of  mortal  eye,  tho  place  in  our  sublunary  sphere.  The  sun, 
Deity  was  supposed  to  have  fixed  his  special  which  was  generally  supposed  to  be  a  ball  of 
residence,  among  myriads  of  superior  intdli-  liquid  fire,  was  found  to  he  sometimes  covered 
genoes.  The  happiness,  the  preservation,  and  with  large  dark  spots,  some  of  them  exceeding 
the  moral  government  of  tiie  human  race  in  size  the  whole  surfeoe  of  the  terraqueous 
were  supposed  to  be  the  chief  business  and  globe,  and  giving  indications,  by  their  frequent 
object  of  the  Deity,  to  which  all  bis  decrees  changes  and  disappearance,  of  vast  operations 
in  eternity  past,  and  all  his  arrangements  in  being  carried  on  upon  the  sur&ce  and  in  the 
relation  to  eternity  to  come,  had  a  special  and  interior  of  that  magnificent  luminary.  Hun- 
almost  exclusive  reference.  Such  ideas  are  dreds  of  stars  were  descried  where  scarcely 
sUU  to  be  found,  even  in  the  writings  of  Chris-  one  could  be  perceived  by  a  common  observer ; 
tian  divines,  at  a  period  no  further  back  than  and  as  the  powers  of  the  telescope  were  in- 
the  sixteenth  century.  ciecsed,  thousands  more  were  brought  to 
To  hazard  the  opinion  that  tiie  plans  of  the  vir^,  extending  in  every  direction,  from  the 
Almighty  embraced  a  much  more  extensive  limits  of  unassisted  vision  throughout  the 
range — ^that  other  beings,  analogous  to  men,  boundless  extent  of  space, 
inhabited  the  planetary  or  the  stany  orbs,  and  It  is  natural  for  an  intelligent  observer  of 
that  such  beings  form  by  fer  the  greater  part  the  universe  to  inquire  into  the  final  causes 
of  the  population  of  the  universe— would  have  of  the  various  objects  which  exist  around 
been  considered  as  a  heresy  in  religion,  and  bim.  When  he  beholds  the  celestial  regions 
would  probably  have  subjected  some  of  those  filled  with  bodies  of  an  immense  size,  arranged 
who  embraced  it  to  tiie  anathemas  of  the  in  beautiful  and  harmonious  order,  and  per^ 
church,  as  happened  to  Spigelius,  bishop  of  forming  their  various  revolutions  with  regfu- 
Upsal,  for  defending  the  doctrine  of  the  anti-  larity  and  predsion,  the  natural  inquiiv  is, 
podes,  and  to  Galileo,  the  philosopher  of  Tus-  For  What  end  has  the  Deity  thus  exerted  has 
cany,  for  asserting  the  motion  of  the  earth,  wisdom  and  omnipotence  ?  Whatistheulti- 
The  ignorance,  the  intolerance,  and  the  con-  mate  destination  of  those  huge  globes  which 
tracted  views  to  which  I  allude,  are,  however,  appear  in  the  spaces  of  the  firmament  1  Are 
now,  in  a  great  measure,  dissipated.  The  these  vast  masses  of  matter  suspended  in  the 
light  of  science  has  arisen,  and  shed  its  benign  vault  of  heaven  merely  to  diversify  the  voids 
influence  on  the  world.  It  has  dispelled  the  of  infinite  space,  or  to  gratify  a  few  hundreds 
darkness  of  former  ages,  extended  our  pros-  of  terrestrial  astronomers  in  peeping  at  them 
pects  of  the  grandeur  and  magnificence  of  the  through  their  glasses?  Is  the  Almighty  to  be 
scene  of  creation,  and,  in  conjunction  with  considered  as  taking  pleasure  in  beholding  a 
the  discoveries  of  revelation,  has  opened  new  number  of  splendid  lamps,  hung  up  through- 
views  of  the  perfections  and  moral  govern-  out  the  wilds  of  immensity,  which  have  no 
mcnt  of  the  Almighty.  In  the  progress  of  relation  to  the  accommodation  and  happiness 
astronomical  science,  the  distances  and  mag-  of  intelligent  minds  1  Has  he  no  end  in 
nitudes  of  many  of  the  celestial  bodies  began  view  corresponding  to  the  magnificence  and 
to  be  pretty  neoiriy  ascertained ;  and  the  in-  grandeur  of  the  means  he  has  employed !  Or, 
vention  of  the  telescope  enabled  the  astrono-  are  we  to  conclude  that  his  wisdom  and  good- 
lier to  extend  his  views  into  regions  fiir  ness  are  no  lev  conspicuously  displayed  than 
/352) 
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Ids  oDuupotence  in  peopling  fliose  vast  bodies  trine  of  a  plurality  of  words  have  ail  the  forcv 

with  myriada  of  intjeiligent  existences  of  va-  of  a  moral  demmatraiion  ,-  that  they  throw  a 

lions  oitiera,  to  share  in  his  beneficence  and  lustre  on  the  perfections  &[  the  Divinity ;  and 

to  adoie  his  perfections  1     This  last  deduo-  that  the  opposite  opinion  is  utterly  inconsis- 

tko  is  the  only  one  which  appears  compatible  tent  with  every  idea  we  ought  to  entertain  of 

with  any  rational  ideas  we  can  entertain  of  an  Allwiae  and  Omnipotent  Intelligence, 

the  wisdom  and  intelligenpe  of  the  Eternal  In  order  to  the  full  illustration  of  this  sub- 

Mmd,  and  the  principles  of  the  Divuoe  govern-  ject,   it  will  be  necessary  to  take  a  pretty 

ment.  minnto  and  comprehensive  view  of  all  the 

This  opinion  is  now  very  generally  enter-  known  fiicto  in  relation  to  the  heavenly  bodies ; 

tained  by  those  who  have  turned  their  atten*  and  while  these  facts  will  be  made  to  bear 

lion  u>  the  subject    But  it  is  frequently  ad-  upon  the  object  now  proposed,  they  will  like- 

mitled  on  grounds  that  are  too  general  and  wise  tend  to  exhibit  the  scenery  of  the  heavens, 

vague ;  on  the  authority  of  men  of  science,  or  and  to  elucidate  many  of  the  prominent  truths 

on  the  mere  ground  that  the  planets  and  stars  and  principles  connected  with  descriptive  as> 

are  bodies  of  immense  size ;  and  hence  it  is  tronomy.  .  In  the  progress  of  our  discussions, 

tniy  considered  as  a  probable  opinion,  and  a  we  shall  descend  into  many  minute  partico- 

tharough  convieHon  of  ite  truth  is  seldom  pro-  lars  which  are  generally  overlooked  by  writers 

duoed  in  the  mind*  on  the  subject  of  astronomy,  and  shall  intio- 

In  the  following  work  it  shall  be  our  en-  duce  several  original  observations  and  views 

deavonir  to  show  ^at  the  argumente  which  on  this  subject  which  have  not  hitherto  been 

may  be  broaght  forward  to  establish  the  doc-  particularly  detailed. 


CHAPTER  L 

On  iht  general  appearance  and  apparent  motions  ef  the  Starry  Heavens* 

BsroRB  proceeding  to  a  particular  descrip-  have  gazed  on  a  clear  evening  skyt  at  certain 
tfon  of  the  ml  magnitudes,  motions,  and  phe'  uitervals,  during  a  period  of  many  yean,  yet 
nomena  of  Ae  heavenly  bodies,  it  may  not  be  can  toll  no  more  about  the  glorious  scene 
improper  to  take  a  brief  survey  of  the  general  around  them  than  that  they  behold  a  number 
appearance  and  apparent  motions  of  the  celes-  of  shining  points  twinkling  in  every  direc* 
tial  vault,  as  they  present  themselves  to  the  tion  in  the  canopy  above.  Whether  these 
eye  of  a  common  observer.  bodies  shift  their  positions  with  regard  to  each 

It  is  of  importance  to  every  one  who  wishes  other,  or  remain  at  the  same  relative  distances ; 
to  acquire  a  clear  idea  of  the  principles  of  as-  whether  any  of  them  appear  in  motion,  wMle 
tionomy  and  the  phenomena  of  the  heavens,  others  appear  at  rest ;  whether  the  whole  celes- 
that  he  contemplate  with  his  own  eyes  the  tial  canopy  appears  to  stand  stU],  or  is  carried 
apparent  aspects  and  revolutions  of  the  celes-  round  with  some  general  motion ;  whether  all 
tial  bodies  before  he  proceeds  to  an  investiga-  the  stars  which  are  seen  at  six  o'clock  in  the 
don  of  the  real  motions,  phenomena,  and  evening  are  also  visible  at  twelve  atmidnight ; 
amngemento  which  the  discoveries  of  science  whether  the  stars  rise  and  set,  as  the  sun  and 
have  led  ns  to  deduce.  From  want  of  atten-  moon  appear  to  do ;  whether  they  rise  in  the 
tion  to  this  circumstance,  there  are  thousands  ea^  or  ncxlh-east,  or  in  any  other  quarter ; 
of  smatterers  in  the  science  of  astronomy  who  whether  some  rise  and  set  regularly,  while 
never  acquire  any  clear  or  comprehensive  ideas  others  never  descend  below  the  horizon ;  whe- 
on  this  subject ;  and  who,  instead  of  clearly  ther  any  particular  stars  are  occasionally 
perceiving  the  relations  of  the  heavenly  orbs  moving  backward  or  forward,  and  in  what 
fVom  their  own  observation,  rely  chiefly  on  parte  of  the  heavens  they  appear;  whether 
the  assertions  of  th^r  instructors,  or  the  vague  there  are  stars  in  our  sky  in  the  daytime  as 
descriptions  to  be  found  in  elementary  books.  weU  as  well  as  during  night ;  whether  the 
It  IB  amazing  how  many  intelligent  men  there  same  clusters  ef  stars  are  to  be  seen  in  sum- 
are  among  as  who  would  not  wish  to  be  con-  mer  as  in  winter?  To  these  and  similar  ques- 
sidcred  altogether  ignorant  of  modem  astro-  tions  there  are  multitudes  who  have  received 
oomy,  have  never  looked  up  to  the  celestial  a  regular  education,  and  who  are  members  of  a 
vault  with  fixed  attention ;  have  never  made  Christian  church,  who  could  give  no  satisfao- 
repeated  observations  to  discover  its  pheno-  toiy  answers.  And  yet  ahnost  every  one  of 
mena ;  and  cannot  tell,  from  their  own  survey,  these  inquiries  could  be  satisiactorily  an- 
what  are  the  various  motions  it  exhibits,  swered,  in  the  course  of  a  few  evening^  by 
There  are  thousands  and  ten  thousands  who  any  man.  of  common  understanding  who  di- 
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reeled  hifl  attention  for  a  few  hours  to  the  vub-  A  celebrated  author  repreaents  his  papil  m 

ject,  and  that,  too,  without  the  knowledge  of  exprossing  himself  in  the  following  manner  :— 

a  single  scientific  principle.    He  has  only  to  '^  I  shall  freely  tell  you  d).e  things  which  fre- 

c»pen  his  eyes,  and  to  make  a  proper  use  of  quently  occur  to  my  mmd,  and  often  perplex 

them ;  to  fix  his  attention  on  the  objects  before  my  Noughts.  I  see  the  heavens  over  my  head, 

him;  to  make  one  observation  after  another,  and  tread  on  the  earth  with  my  feet;  but  I 

and  compare  them  together ;  and  to  consider  am  at  a  loss  what  to  think  of  that  mighty 

tl^at  **  the  works  of  the  Lord  are  greati*  and  eonamfe  above  me,  or  even  of  this  very  earth 

that  they  ought "  to  be  sought  out  [or  serious-  I  walk  upon.   I  often  think  whether  the  earth 

ly  investigated]  by  all  those  who  have  plea^  may  not  stretch  out  in  breadth  to  immensity, 

aare  therein/*  so  as,  if  one  was  to  travel  it  over,  one  should 

If  this  representation  be  admitted  as  just,  never  be  able  to  get  to  the  end  of  the  earth, 

what  a  striking  idea  does  it  present  of  the  but  always  find  room  to  continue  the  journey  ; 

apathy  and  indifierence  of  the  greater  part  of  nor  can  I  satisfy  myself  as  to  the  depth  of  the 

mankind  in  regard  to  the  most  astonishing  earth,  whether  it  has  any  bottom ;  and,  if  so, 

and  magnificent  display  which  the  Creator  what  it  can  be  that  is  below  ihe  earth.    As  to 

has  given  of  himself  in  his  works !  Had  we  the  heaven,  I  need  say  nothing :  every  change 

an  auiequate  conception  of  all  the  scenes  of  that  happens,  and  every  object  seen  there, 
grandeur,  and  the  displays  of  intelligence  and .  perplex  me  with  dqpbts  and  fruitless  guesses, 

omnipotent  power,  which  a  serious  contem-  I  often  wonder  how  the  sun  moves  over  so 

plation  of  a  starry  sky  is  calculated  to  convey,  laiige  a  space  every  day,  and  yet  seems  not  to 

all  the  kingdoms  of  this  world  would  sink  into  stir  out  of  his  place.   I  would  know  where  he 

comparative  insignifican<je»  and  all  their  pomp  goes  beyond  the  mountains  in  the  evening ; 

and  splendour  appear  as  empty  as  the  bubbles  what  becomes  of  him  in  the  nighttime ;  whe- 

of  the  deep.    It  is  amazing  that  Chrutiana,  ther  he  makes  his  way  through  the  thickness 

in  particular,  should,  in  so  many  instances,  of  the  earth,  or  the  depth  of  the  sea,  and  so 

be  found  overlooking  such  striking  displays  of  always  shows  himself  again  from  the  east 

Divine  perfection  as  the  firmament  opens  to  next  morning.    It  seems  strange  that,  being 

our  view,  as  if  the  most  august  works  of  the  so  small  a  body  as  he  is,  he  should  still  be 

Creator,  and  the  most  striking  demonstration  seen  every  where,  and  still  of  the  same  bigness, 

c^his  '*  eternal  pow«r  and  godhead,"  were  un-  The  various  nature  of  the  moon  seems  yet 

worthy  of  their  regard ;  while  we  are  com-  more  perplexing ;  to-night,  perhaps,  you  ccui 

manded,  in  scripture,  to  "  lift  up  our  eyes  on  scarce  discern  her;  but,  in  a  few  daya,  she 

high,  and  consider  Him  who  hath  created  becomes  larger  than  the  body  of  the  sun  itself, 

these  orbs,  who  bringeth  forth  their  hosts  by  In  a  little  time  after,  she  decays,  and,  at  last, 

number,"  and  who  guides  them  in  all  their  wears  quite  away ;  yet  she  recovers  again.  In 

motions  *<by  the  greatness  of  his  strength/'  a  word,  she  is  never  the  same,  and  yet  still 

"  The  heavens,"  says  the  psalmist,  'declare  becoming  what  she  was  before.   What  means 

the  glory  of  the  Lord,  and   the  firmament  that  multitude  of  stars  scattered  over  the  face 

ehoweth  his  handiwork."    Though  these  lu-  of  the  whole  sky,  whose  number  is  so  groat 

minariea  **  have  no  speech  nor  language,"  that  it  is  become  proverbial  t  There  arc  other  • 

though  '*  theur  voice  is  not  heard"  in  articulate  things  I  want  to  be  informed  of,  but  these  are 

sounds,  yet,  as  they  move  along  in  aiknt  gran-  the    main   difficulties    which    exercise    my 

deur,  they  declare  to  every  reflecting  beholder  thoughts,  and  perplex  my  mind  with  endless 

that  **  the  hand  that  made  them,  is  Divine."  doubting." 

One  great  cause  of  this  indifierence  and  Were  the  young,  or  any  other  class  of  per- 
inattention  is  to  be  found  in  the  want  of  those  sons,  led  to  such  reflections  as  these,  and 
habits  of  observation  and  reflection  which  were  their  doubts  and  inquiries  resolved,  so 
ought  to  he  formed  in  early  life  by  the  instruc-  far  as  our  knowledge  extends,  we  should  have 
tions  imparted  in  the  family  circle  and  at  pub-  a  hundred  intelligent  observers  of  the  pheno- 
lic seminaries.  Children,  at- a  very  early  age,  mena  of  the  universe  for  one  that  is  found  in 
•re  endowed  with  the  principle  of  curiosity,  the  present  state  of  society.  But,  instead  of 
and  manifest  an  eager  desire  to  become  answering  their  inquiries  and  gratifying  their 
acquainted  with  the  properties  and  movements  natural  curiosity,  we  not  unfrequently  tell 
of  the  various  objects  which  surround  them ;  them  that  they  aro  troublesome  with  their 
but  their  curiosity  is,  in  most  instances,  im-  idle  questions ;  that  they  ought  to  mind  their 
properly  directed ;  they  are  seldom  taught  to  grammar  and  parts  of  speech,  and  not  meddle 
make  a  right  use  of  their  senses ;  and  when  with  philosophical  matters  till  they  be  many 
chey  make  inquiriea  in  reference  to  the  appear-  years  older;  that  such  subjects  cannot  be 
ancesofnature,  their  curiosity  is  too  finequentiy  understood  till  they  bet^ome  men;  and  thai 
repressed,  till,  at  length,  habits  of  ituittention  they  must  be  content  to  remain  in  ignoranoa 
jidindifibrenoe  take  poasession  of  their  minds,  for  ten  or  twelve  years  to  come.  Thus  w« 
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ivqnendy  display  our  own  igncnniiice  and  in-       But,  leaving  such  refiectionB  and  digres- 

attention,  and  thus  we  repress  the  natural  de-  sions,  let  us  now  take  a  general  vipw  of  tlie 

sire  for  knowledge  in  the  young,  till  they  motions   and   phenomena  of  the .  nocturnal 

become  habituated  to  ignorance,  and  till  the  heavens. 

uneasy  sense  arising  from  curiosity  and  un-  Let  us  suppose  ourseWes  under  the  open 
satisfied  desire  has  lost  its  edge,  and  a  desire  canopy  of  heaven  in  a  clear  night,  at  six 
lor  sensual  or  vicious  pleasure  usurps  its  o'clock  in  the  evening,  about  the  first  of 
plaoe.  I  recollect,  when  a  boy  of  about  seyen  November.  I  fix  upon  this  period,  because 
or  eight  years  of  age,  frequently  musing  on  the  Pleiades,  or  seven  stars,  which  are  known 
such  EulgectB  as  those  to  which  we  have  to  every  one,  are  then  visible  during  the 
now  alladed.  I  sometimes  looked  out  from  whole  night,  and  because,  at  this  season  of 
a  window,  in  the  daytime,  with  fixed  atten-  the  year,  the  most  brilliant  fixed  stars,  and 
tion,  on  a  pare  azure  sky,  and  sometimes  the  more  remarkable  consteUatbns,  are  above 
stretched  myself  on  my  bade  on  a  meadow,  the  horizon  in  the  evening.  Turning  our 
or  in  a  garden,  and  looked  up  to  the  zenith  eyes,  in  the  first  place,  towards  the  eastern 
to  contemplate  the  blue  ethereal.  On  such  quarter  of  tbe  heavens,  we  shall  see  the  seven 
oocaaons  a  variety  of  strange  ideas  sometimes  stars  just  risen  above  the  horizon,  in  a  direo- 
passed  through  my  mind.  I  wondered  how  fiur  tion  about  halfway  between  Uie  east  and  the 
the  bine  vault  of  heaves  might  extend ;  whe-  north-east  points,  or  east-north-east  North- 
ther  it  was  a  solid  transpaient  arch,  or  empty  west  from  the  seven  stars,  at  the  distance 
space;  what  would  be  seen  could  I  transport  of  thirty  degrees,  a  very  bright  star,  named 
myself  to  the  highest  point  I  perceived ;  and  CapeUoj  may  be  perceived  at  an  elevation  of 
what  display  the  Almighty  made  of  himself  about  eighteen  degrees  above  tbe  horizon. 
in  those  regions  so  fiir  removed  from  mortal  Directing  our  view  towards  the  south,  we 
view.  1  asked  myself  whether  the  heavens  shall  perceive  a  pretty  bright  star,  with  a 
might  be  bounded  on  all  sides  by  a  soKd  wall ;  small  star  on  the  north  and  another  on  the 
how  &r  this  widl  might  extend  in  thickness ;  south  of  it,  which  has  just  passed  the  meridian. 
or  whether  there  was  nothing  ^ut  empty  This  star  is  called  AUair,  and  belongs  to  the 
space,  suppose  we  could  fiy  for  ever  in  any  constellation  Aquiku  It  is  nearly  south,  at 
^rccdon.  I  then  entered  into  a  train  of  in-  an  elevation  or  (brtyHnx  degrees,  or  about 
quiries  as  to  what  would  have  been  the  con-  halfway  between  the  horizon  and  the  zenith. 
sequences  had  neither  heaven  nor  earth  been  About  thirty-three  degrees  north  from  Altair, 
made,  and  nad  God  alone  existed  in  the  bound-  and  a  little  farther  to  the  west,  is  the  brilliant 
less  void.  Why  was  the  world  created  t  What  star  Lyra,  belonging  to  the  Harp.  Looking 
neoessity  was  there  why  God  himself,  should  to  the  west,  a  bright  star,  named  Areturus, 
exist  ?  And  why  was  not  all  one  vast  will  be  seen  about  fifteen  degrees  above  tbe 
blank,  devoid  of  matter  and  intelligence?  horizoU)  a  very  little  to  the  north  of  the  western 
My  thoughts  ran  into  wild  confusion;  they  point  Turning  our  eyes  in  a  northerly  direc- 
were  overwhelming,  and  they  became  even  tion,  the  constellation  Ursa  Major,  or  the 
oppressive  and  painful,  so  as  to  induce  me  to  Great  Bear,  presents  itself  to  view.  This 
put  a  check  to  them,  and  to  hasten  to  my  play-  cluster  of  stara  is  sometimes  distinguished  by 
ful  associates  and  amusements.  But  although  the  name  of  the  Plough,  or  Charles's  Wiain^ 
my  relatives  were  more  intelligent  than  many  and  is  known  to  almost  every  observer.  The 
of  their  neighboujs,  I  never  thought  of  broach-  relative  positions  of  the  prominent  stars  it 
ing  such  ideas,  or  of  making  any  inquiries  of  contains  are  represented  in  the  following 
them  respecting  the  objects  which  had  per-  figure.  At  the  time  of  the  evening  now  sup- 
plexed  my  thoughts ;  and,  even  if  I  had,  it  is  posed,  it  appeara  a  little  to  the  westward  of 
not  likely  I  shoukl  have  received  much  satis-  the  northern  point  of  the  heavens,  the  two 
faction.  Sndi  views  and  reflections  are,  per-  eastern  stan  of  the  square  being  about  eight- 
haps,  not  uncommon  in  the  case  of  thousands  teen  degrees  west  from  that  point  These 
of  young  people.  I  mention  these  things  to  two  stars,  the  uppermost  of  which  is  named 
show  that  the  youthful  mind,  in  consequMice  Dubhe,  and  the  lower  one  Merak,  are  generally 
of  the  innate  desire  of  knowledge  with  which  distinguished  by  the  name  of  the  Pointers,  b^ 
it  is  endowed,  is  ofien  in  a  state  peculiarly  cause  they  pwnJt,  or  direct  our  eye  towards  the 
adapted  fi^r  receiving  instruction  on  many  pole-star. 

important  snbjects,  and  for  becoming  an  in-       The  seven  jstars  in  the  lower  part  of  the 

telGgent  observer  of  the  economy  of  nature,  figure  are  the  prominent  stars  which  consti- 

were  it  not  that  our  methods  of  instruction  tute  the  tail  and  the  body  o£  the  Great  Bear, 

hitherto,  both  in  public  and  in  private,  mstead  The  first  of  these,  reckoning  from  the  left, 

ofgratifyingjuvenile  curiosity,  have  frequently  is  termed  Benetnaseh,  the  second  Mizar,  the 

tended  to  counteract  the  natural  aspirations  of  third  AUath,  the  fourth  Megrez,  immediately 

Uie  opening  mind.  below  which  is  Phad,    The  other  two  8tar% 
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to  the  ri^l  tie  the  Pcanlen  aUudHl  to  abare.  diall  Iben  find  Ibit  the  aeren  itari  Iutb  iImc 
If  a  tins  ccntiecling  tbeu  two  ttsn  be  con-  to  *.  ronsidenible  elevation,  and  are  nearly 
uJaieil  ■■  pioloDged  upward  to  a  conaideiable  balf  way  between  the  eaBtem  horizon  and  the 
diHsnce  till  it  meet  the  first  bright  rtar.  it  eouth;  that  Che  BuU's-eyr,  a  bright  nidijj 
direcli  08  to  the  polerttar,  nhiiJi  is  tho  one  atar,  which  was  lietbra  invixiblc  is  now  seen  a 
neuest  lo  the  pole,  and  which,  to  ■  cammon  little  lo  the  enatwan)  of  the  PlcBides ;  uul 
observer,  never  aeeiua  to  sliifl  iti  position,  that  the  hrilliant  ronstellaluin  On'uii,  which  in 
The  uppenooM  Mar  in  the  figure  towards  the  the  former  obMTvetion  whs  below  the  horizon, 
light  liand  represents  the  pole-etsr  in  ils  tela-  is  now  distinctly  viiihlo  in  the  east  and  eouth- 
livo  distance  and  pontion  to  the  Great  Bear,  east ;  and  the  star  Cupclla  iniJwaj  between 
,  The  distuice  between  the  twopointen.Dubhe  the  horizon  and  the  icnith.  The  BtarB.4Aofr 
and  Morale,  is  about  five  degrees',  and  the  and  Lvra,  which  were  before  nesrly  soath, 
distance  between  Lubhe,  the  uppermost  of  have  deaccnded  ntorc  than  half  way  towards 
the  pointers,  and  the  poli«tar,  is  about  twenty-  the  western  horizon.  The  star  Arctunia  i* 
ninedegrces;  so  thullhespBCe between  Dlibhs  no  longer  visible,  having  aunk  beneath  the 
and  the  pole-star  is  nearly  sii  times  the  dia-  horizon  ;  and  many  stera  in  the  eastern  quar- 
lancc  lietwcen  the  twg  pointers.  By  attending  ter  of  the  heavens,  which  wtre  formetiy  an* 
to  iheso  circunistancei,  the  distance  between  seen,  now  make  thrir  appearance  at  dilfercnl 
any  two  stars,  when  eipressed  in  degrees,  may  elevations.  The  stars  of  the  Great  Beu,  par- 
be  nearly  ascertained  by  the  eye.  The  six  licularly  the  twopcHnler«,whichwereformorly 
small  stars  in  the  upper  part  of  the  ligiire  to  the  west  of  the  north  point,  have  now 
represent  the  conslcilstioii  Ursu  Minor,  or  passed  to  the  east  of  it.  At  twelve  o'clock, 
the  Lesser  Bear,  of  which  the  pole-star  forma  midnight,  their  position  may  be  Urns  repre- 
tbe  tip  of  the  tail.  The;  resemble  the  con-  lented. 
figuration  of  the  stars  in  the  Great  Bear,  only  -p-     g 

?««■  I-  North. 


'   Having  now  fiied  on  certain  star,  or  points  V"  ^"^  «      .J^'r'  ^"^  ^\  TT 

in  the  h«vens  as  they  appear  about  Ax  b  the  ^f^^?  ^"  f'""^  *^  ^'^™*'  "'"'«"'" 

«ening,andmaAedtli^  relative  portion.,  •«"  ^  ^.e  tail  appear  much  lower.    About 

k.  us  ^e  «iother  view  of  the  eelesUid  vanJt  *"«  "^''^  "'"  "^"^  T  J^"""  "' 

a.  it  appears  about  ten  o'clock  the  same  even-  'fPP"  -""ly  d"«  "»'  f™"  'h«  Pote^br,  and 

ing,  or  itefirrtchar  evening  afterwarf.     We  S  ""'r™-     '^^..■^"'' ^n''2™°"\,'^ 

^'  '  the  other  Mars  in  that  constellabon  will  bo 

•  IntliES(!obs»ri»i1ant.theijli»erverls»QppMed  seen  hanging,  as  it  were,  nearly  perpendicular 

wli*WsMdnMrl)FlnS»'Bi.nlitamB<le.wlikh  It  below  them.     At  this  hour  the  Pleiades,  oi 

tlrlaiUllM'h^iw' °n  W-'^nS'  tS^^Ti'thMnhlS'i!  "*""  ""^  "^l  'PP™'  ^  *>"*«  "o™^  twenty- 

anoarPbllidflpiils.  N'wVnrK.Hsnnird.  Dflstnn,  five  deerees  past  the  meridian  to  the  west,  and 

Wonireal,  Midiid,  Rome,  »c..  wnnw  require  in  the  brilliant  constellation  Orion  will  he  seen 

Ps!"^!?;-  J!«'*.'^"Kl;;^^d"w  i'iU  .".^Jll  """lydo^  «»^     The  bright  ^  CapeU« 

allnwsnce  for  ih«  elevaiinni,  above  iiiied.  of  "ow  c;.pears  nearly  in  the  unith.  jr  point  di> 

cenaln  stars  Bbnve  tht  bnrlzon.    In  mnsi  oilior  rectly  over  our  heads ;  Lyra  is  in  toe  horiiosi, 

KEKi;;m'r>;^'t;;.T;i.'4'J;Slt.";Sr;.^'!;;  ne.rlrd™north,andAlt.ir  h.»d.,c.nded 

bers  itc<i:rit>ed.  below  the  weatem  bonuo.    Al  lii  in  Itw 
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MDcning.  the  •even  itan  will  be  seen  in  the  the  ponlian  repreoenteil  on  the  left  at  A, 
*re«t.  only  a  ibort  diitaiiM  aboro  the  horizon ;  nearly  straight  west  from  the  pote-atai,  which 
and  ail  the  other  stan  to  the  eutward  of  them  appeara  in  the  centre.  8ii  houn  afterward, 
will  be  found  to  have  made  a  cotuiderable  pro-  «  at  twelte,  midnight,  it  will  appear  below 
frvs  lowarda  the  wevt.  AC  this  bour  the  the  pole,  in  the  poulion  marked  £;  at  luc 
■Ian  of  Ibe  Great  Beu  will  appsBr  neat  the  neit  morning  it  will  appear  oppoaile  to  ita 
upper  part  of  the  heaiana,  and  the  piNnlera  Grat  position,  as  represented  on  tbe  right  at 
not  br  from  the  lenith.  Tbeir  poailion  at  C ;  at  twelve,  noon,  it  wilt  appcw  above  the 
tbw  linH  ia  ahown  in  the  following  figure,  pole,  as  represented  at  I) ;  hut  in  this  poailion 
It  cannot  be  seen  in  November,  or  during  the 
Fig.  8.  winter  montha,  as  the  alani  at  that  time  of  the 

daj  are  eclipaed  hy  the  light  of  the  aim.  ■  At 
ni  in  the  evening  it  again  returns  to  its  £>r- 
tner  poution.     Such  ate  the  general  appear- 
anm  and  apparent  motions  of  all  the  atan  in 
the  northern  hemisphere,  within  Gfly -two  de- 
grees of  the  pole,  to  a  spectator  situated  in 
Rt°  oT  north  latitude.     They  all  appear  to 
perform  a  circuit,  in  the  cnurse  of  twenty-four 
houra,  around  a  point  which  is  the  centre  of 
tbeir  ruotion,  near  to  which  is  the  pote-itar. 
All  the  atara  witbin  thia  range  never  set,  but 
appear  to  describe  complete  circles,  of  diflerent 
dimenaiona,  around  the  polo  and  above  the 
horizon.    When  they  are  in  the  lower  part 
of  their  coarae,  or  beneath  the  pole,  they  ap- 
pear to  move  Irom  west  to  east ;  but  when  in 
Tltw  the  pointara  ^ipeai  elevated  a  great   tbe  higher  part  of  their  courae,  their  nppaieat 
way  oAvte  (he  pole-atar,  wheieaa,  fn  the  ob-   motion  is  from  east  to  west;  and  all  their  cir- 
■erratien  at  six  in  the  eiening,  the  whole  con-    euits  are  completed  in  eiacllj  the  same  period 
■tellatian  appeared  fa  below  it.    At  eight  in   of  time,  namely,  twenly-thiee  hours,  finj-ail 
tbe  mwriiDg.  the  whole  of  the  coiutellation   minutea,  and  four  aeconds. 
would  be  seen  nearly  overhead,  were  Uie  staia        Let  ns  now  conaidor  tbe  appearances  wbicb 
then  viable ;  at  tvrelve.noon, it  would  appear    pieacfit  themselves  in  the  other  quarters  of 
lowaidfl  the  weat,  at  a  considerable  elevation ;   the  heavens.    If  we  turn  our  eyea  i  little  In 
umI  at  « I  in  the  evening  it  would  again  re-    the  left  of  the  south,  nesr  to  that  point  of  tbe 
Mm  to  ita  famwr  poeilion,  aa  noted  in  our    compaaa  called  aoulh-south-eaat,  and  obacrve  a 
Gnt  abacrration.     The  fidlowing  figure  reptv-    star  near  the  horizon,  nueh  aa  the  star  Fomai- 
aenia  the  poation  of  [frtu  Minor,  or  the  Leaser  haul,  in  the  Southern  Fish,  it  will  appear  to 
Bear,  at  four  di&tent  perjoda  during  twenty-    liae  to  a  very  imall  altitude  when  it  comes  to 
fata  bogia.  the  meridian,  only  about  aii  degrees,  and  in 

--      .  ahant  five  houra  it  will  set  near  the  paint 

^  aoutb-aoutb-west,  having  deacribed  a  very  amall 

"  arc  of  a  drde  above  the  horizon.     If  we  di-. 

rect  our  attention  to  the  south-east,  and  ol> 
aerve  any  bright  atar,  such  aa  Siriua,  or  Ibe 
Dog-star,  in  the  hotizon,  it  will  mahe  a  larger 
drcuit  over  the  aouthern  el^,  and  will  remain 
about  nine  boun  above  the  horizon  before  it 
jg      ae(s  in  the  soulb-weat.     If  we  look  due  cast, 
g       and  see  a  star,  such  as  Procjon  in  the  con- 
^  t^       Btetlatian  of  the  Lesser  Dog,  rinng,  it  will  le- 

)£  C       main  about  twelve  hours  ebove  the  horizon, 

and  will  set  in  the  wesL  If  we  look  to  the 
Dortb^aat,  and  perceive  any  stars,  such  aa 
Cralor  and  Pollux,  beginning  to  appear,  Ihcy 
win  make  a  large  circuit  round  the  henvena, 
Buch  aa  (he  sun  dcacribea  in  the  month  of 
June,  and,  after  the  period  of  about  eighteen 
B  hours,  will  aet  in  the  north-weat 

At  BX  in  Ibe  evening,  ahcnlt  the  beginning        Buch  arc  the  general  appearances  and  Ihg 
of  Kovember,  Urta  Mimr  will  be  newly  in   apparent  motions  of  the  heavens  which  pre- 
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ient  themselves  when  newed  from  our  north-  star  that  appears  nearly  in  a  line  with  a  tne, 

em  latitude.    Were  we  to  take  our  station  a  spire,  or  any  other  fixed  object,  and  in  the 

near  the  Golf  of  Guinea,  in  the  island  of  8u-  course  of  a  few  minutes  its  motion  will  be 

matra,  or  Borneo,  in  the  GralHpago  Isles,  in  the  perceptible ;  or,  fix  a  common  telescope  upon 

city  of  Quito  in  South  America,  or  on  any  a  pedestal,  and  direct  it  to  any  star,  and  in 

other  point  of  the  globe  near  the  equator,  the  three  or  four  minutes  it  will  be  seen  to  have 

motions  of  the  stars  would  appear  somewhat  passed  out  of  the  field  of  view.    In  the  de- 

diiferent    The  pole-star,  instead  of  being  at  scription  now  given,  I  have  spoken  of  the 

a  high  elevation,  as  in  our  latitude,  would  be  pok-atar  as  if  it  were  actually  the  pole,  or 

in  the  horizon.   AH  the  stars  would  appear  to  the  most  northerly  point  of  the  heavens.    But 

rise  and  set,  and  the  time  of  their  continuance  it  may  be  proper  to  state,  that  though  it  is  the 

above  the  horiEon  would  be  precisely  the  same,  nearest  laiige  star  to  that  point,  it  is  not  actually 

The  stars  which  rise  in  the  east  would  ascend  in  the  pole ;  it  is  somewhat  more  than  a  de- 

to  the  zenith,  and  pass  directly  overhead,  in  gree  and  a  half  firom  the  polar  point,  and 

the  course  of  rix  hours ;  and  in  another  six  revolves  around  that  point,  in  a  small  circle, 

hours  they  would  descend  to  the  horizon,  and  every  twenty«four  hours.    This  motion  muy 

set  in  the  western  point    The  stars  near  the  be  perceived  by  directing  a  telescope  of  a 

northern  and  southern  points  would  appear  to  moderate  magnifying  power  to  this  star,  and 

describe  small  semicircles  above  the  horizon  fixing  it  in  that  position,  when,  in  the  course 

durmg  the  same  time,  and  their  motion  would  of  an  hour  or  two,  it  will  be  found  to  have 

appear  much  slower.  The  Great  Bear,  which  moved  beyond  the  field  of  view. 

never  sets  in  our  latitude,  would  be  above  the  All  the  observations  above  stated  (except- 

horizon  only  during  the  one  half  of  its  circuit  ing  those  supposed  to  have  been  made  at  the 

Many  stars  and  constellations  would  appear  equator,  and  in  southern   latitudes)  may  be 

in  the  southern  quarter  of  the  sky  which  we  accomplished  in  the  course  of  two  or  three 

never  see  in  our  latitude.     Every  star  would  evenings,  without    incurring  the  loss  of  a 

be  found  to  remain  exactly  twelve  hours  above  couple  of  hours ;  for  each  observation  may  be 

and  twelve  houra  below  the  horizon,  and  all  made  in  the  space  of  five  or  ten  minutes, 

the  visiUe  stars  in  the  firmament  might,  from  Every  inhabitant  of  the  globe  has  an  oppor- 

such  a  position,  be  perceived  in  the  course  of  tunity,  if  he  choose,  of  observing  the  aspect 

a  year.    Were  we  to  take  our  station  in  the  of  the  heavens  in  the  manner  now  described, 

southern  hemisphere,  in  Valdivia,  Botany  Bay,  excepting,  perhaps,  those  who  live  in  dark 

or  Van  Dicmen's  Land,  the  heavens  would  and  narrow  lanes,  in  large  cities,  where  the 

present  a  difierent  aspect  from  any  of  those  sky  is  scarcely  visible ;  the  most  unnatural 

we  have  yet  contemplated.    The  north  pole-  situations  in  which  human  beings  can  be 

star,  the  Great  Bear,  and  other  neighbouring  placed,  and  which  ought  no  longer  to  remain 

constellations,  would  never  appear  above  the  as  the  abodes  of  men.    And  the  man  who 

horizon.    Many  of  the  stars  which  we  now  will  not  give  himself  the  trouble  of  making 

see  in  the  south  would  appear  in  the  north,  such  observations  on  the  stairy  heavens  de- 

The  south  pole  would  appear  elevated  about  serves  to  remain  in  ignorance  of  the  most 

forty  degrees  above  the  horizon,  and  various  sublime  operations  of  the  Creator, 

dusters  of  stars  would  be  seen  revolving  round  Let  us  now  consider  what  is  the  conclusion 

it,  as  the  Great  Bear  and  other  constellations  we  ought  to  deduce  from  our    observations 

do  around  the  north  pole.    In  fine,  could  we  respecting  the  apparent  motion  of  the  heavens, 

take  our  station  at  ninety  degrees  of  north  All  the  phenomena  which  we  have  described, 

latitude,  or,  in  other  words,  at  the  north  pole  when  duly  considered  and  compared  together, 

of  the  worid,  we  should  just  see  one  half  of  conspire  to  show  that  ike  whole  celestial  vault 

the  stars  of  heaven,  and  no  portion  of  the  performs  an  c^arent  reoohtlion  round  the 

other  half  would  ever  be  visible.    These  stara  earthy  carrying,  as  it  were,  all  the  sfare  along 

would  appear  neither  to  rise  nor  sot,  nor  yet  with  it,  in  the  space  c^  twenty-four  hours, 

to  stand  stilL     They  would  appear  to  move  This  may  be  plainly  demonstrated  by  means 

round  the  whole  heavens,  in  circles  parallel  of  a  celestial  globe,  on  which  all  the  viHilile 

to  the  horizon,  every  twenty  four  hours ;  and  stars  are  depicted.     When  the  north  pole  is 

on  very  clear  evening  all  die  stara  that  are  elevated  fifiy-two  degrees  above  the  northern 

ever  visible  in  that  henusphere  may  be  seen,  horizon,  and  the  globe  turned  round  on  its 

The  stars,  however,  that  appear  in  a  certain  axis,  all  the  variety  of  phenomena  formerly 

direction  at  any  particular  hour  will  appear  described  may  be  clearly  perceived, 

at  the  same  elevation  in  the  opposite  direction  Here,  then,  we  have  presented  to  view  a 

twelve  houre  aflerward ;  and  during  nearly  scene  the  most  magnificent  and  sublime.    All 

six  months  no  stars  will  be  seen  in  the  sky.  the  bright  luminaries  ofthefirmanent  revolving 

The  apparent  motion  of  the  heavens  may  in  silent  grandeur  around  our  world  *,  not  only 

at  any  tune  be  perceived  by  fixing  on  any  the  stars  visible  to  the  unassisted  eye,  but  all 
(368) 
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llw  ten  thonBaiids  and  milH^vis  of  stars  which  miles  in  hreadih,  and  more  than  six  hundivd 
fte  telescope  has  enabled  us  to  descry  in  every  thousand  miles  in  circumference,  revolving 
Rgion  of  the  heavens,  lor  they  all  seem  to  around  us  every  ten  hours,  at  the  rate  of  a 
partake  of  the  same  general  motion.  If  we  thousand  miles  in  a  minute,  and  sixty  thousand 
ooold  suppose  this  motion  to  be  realf  it  would  miles  every  hour.  But  even  this  astonishingly 
oonve;  to  the  mind  the  most  magnificent  and  rapid  motion  would  afKml  us  little  assistance 
impressive  idea  which  could  possibly  be  formed  in  forming  our  conceptions,  as  it  bears  no  com- 
of  the  incomprehensible  energies  of  Omnipo-  parison  with  the  motions  to  which  we  have 
tence.  For  here  we  have  presented  to  view,  now  adverted.  It  becomes  ihoee  persons, 
not  only  ten  thousand  times  ten  thousands  of  therefore,  who  refuse  to  admit  the  motion  of 
immense  globes,  far  superior  to  the  whole  the  earth,  to  consider,  and  to  ponder  with 
earth  in  magnitude,  hut  the  greater  part  of  attention,  the  only  other  alternative  whicSi 
them  carried  round  in  their  revolutions  with  must  be  admitted,  namely,  that  all  the  bodies 
a  velocity  that  balBes  the  power  of  the  most  of  the  firmament  move  round  the  earth  every 
capacious  mind  to  conceive.  In  this  case,  day  with  such  amazing  velocities  as  have  now 
there  woidd  be  millions  of  those  vast  luixuna-  been  stated.  If  it  appear  wonderful  that  this 
ties,  which  behooved  to  move  at  ,the  rate  of  globe  of  the  land  and  water,  with  all  its  mighty 
several  thousands  of  millions  of  miles  in  the  cities  and  vast  population,  moves  round  its 
space  of  a  second  of  time.  For  in  proportion  axis  every  day  at  the  rate  (>f  a  thousand  miles 
to  the  distances  of  any  of  these  bodies  would'  an  hour,  hew  much  more  wonderful,  and  pas- 
be  the  rapidity  (tf  their  motions.  The  nearest  sing  all  comprehension,  that  myriads  of  huge 
star  would  move  more  than  fourteen  hundred  globes  should  move  round  the  earth  in  the 
millions  of  miles  during  the  time  in  which  the  same  time  with  such  inconceivable  rapidity. 
pendalam  of  a  dock  moves  from  <Mie  side  to  If  we  reject  th6  motion  of  the  earth  because  it 
another;  but  there  are  thousands  of  stars  is  incomprehensible  and  contrary  to  all  our 
viable  throti^  our  telescopes  at  least  a  bun-,  preconceived  notions,  we  must,  on  the  same 
dred  times  more  distant,  and  whoee  distance  ground,  likewise  reject  the  motion  of  the 
cannot  be  leas  than  3,000^000,000,000^000,  or  heavens,  which  is  far  more  difficult  to  be  con- 
two  thousand  billions  of  mUes.  This  forms  ceived,  and  consequently  fall  into  downright 
the  radius,  or  half  diameter  of  a  circle  whose  di*  riiepticism,  and  reject  even  the  evidence  of  our 
cumierence  is  about  12,600,000,000,000,000,  senses  as  to  what  appears  in  the  economy  of 
or  twelve  thousand  five  hundred  billions  of  nature.  Sucli  views  and  considerations,  how- 
miles.  Around  this  circumference,  therefore,  ever,  teach  us  tliat,  in  whatever  point  of  view 
tiie  star  behooved  to  move  every  day.  In  a  we  contemplate  the  works  of  the  Almighty, 
sidereal  day  of  twenty-three  hours,  fifly-six  particularly  the  scenery  of  the  heavens,  the 
minutes,  aiid  four  seconds,  there  are  86,164  mind  is  irresistibly  inspired  with  sentrments 
seconds.  Divide  the  number  of  miles  in  the  of  admiration  and  wonder.  To  the  vulgar 
circumference  by  the  number  of  seconds  in  a  eye  as  well  as  to  the  philosophic,  *'  the  heavens 
day,  and  the  quotient  will  be  somewhat  more  declare  the  glory  of  God.''  Theur  harmony 
than  145,000,000,000,  or  one  hundred  and  and  order  evince  his  wisdom  and  intelliger|ce ; 
focty-five  thousand  millions,  which  is  the  and  the  numerous  bodies  they  contain,  and 
number  of  miles  that  such  a  star  would  move  the  astonishing  motions  they  exhibit,  on 
in  the  space  of  a  second,  or  during  the  pulsa-  whatever  hypothesis  they  are  contemplated, 
tion  of  an  artery,  were  the  celestial  vault  to  demonstrate  both  to  the  savage  and  the  sage 
be  consideied  as  leally  in  motion ;  a  rate  of  the  existence  of  a  power  which  no  created 
motion  more  than  a  hundred 'thousand  mil-  being  can  controL 
Uons  of  times  greater  than  that  of  a  cannon  «  y,^^  t^e  amazing  canopy! 
faau,  and  seven  hundred  thousand  times  more  The  wide,  the  wnnderfUl  expanse  I 
rapid  than  the  motion  of  tight  itself,  which  is  Let  each  bold  infidel  airree 
considered  the  swiftest  motion  in  nature.  ^»»**  ^  *"  *^'»"'  "°'^»°''"  *°  ^"^^• 

The  idea  of  such   astonishing  velocities  We  carmot,  however,  admit,  in  consistency 

eompletely  overpowers  the  human  imagina-  with  the  dictates  of  enlightened  reason,  that 

tion,  and  is  ahsolately  inconceivable.    We  the  apparent  diurnal  movements  of  the  stars 

perceive  no  objects  or  motions  connected  with  are  the  rfo/ motions  with  which  these  bodies 

our  globe  that  can  assist  our  imagination  in  are  impelled.    For,  in  the  first  place,  such 

forming  any  definite  conceptions  on  this  sub-  motions  are  altogether  unnecessan/ to  jirodnce 

jecL    The  swiftest  impulse  that  was  ever  the  effect  intended,  namely,  the  alternate  suo- 

given  to  a  cannon  ball,  or  any  other  projectile,  cession  of  day  and  night  with  respect  to  our 

sinks  into  nothing  in  the  comparison.    Were  globe ;  and  we  know  that  the  Almighty  does 

we  transported  to  the  planet  Saturn,  and  nothing  in  vain,  but  employs  the  nsost  simple 

placed  on  its  equatorial  regions,  we  should  means  to  accomplish  the  most  astonishing  and 

behold  a  stupeiulous  arch,  thirty  thousand  important  ends.    The  succession  of  dav  and 
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night  can  be  accomplished  by  e  simple  rotation  the  ear^  and  only  a  little  denser  than  water, 

of  the  earth  from  west  to  east  every  t«ren^-  it  is  evident  that  they  coidd  not  withstand 

four  hours,  which  will  completely  account  for  such  a  rapidity  of  motion,  which  would  in- 

the  apparent  motion  of  the  heavens,  in  the  stantly  shatter  th^  constitution,  and  dissipate 

same  time,  from  east  to  West.    This  we  find  every  portion  of  their  substance  through  the 

to  be  the  case  with  Jupiter  and  Saturn,  which  voids  of  space.  ^ 

are  a  thousand  times  larger  than  the  earth,  as       4.  Because  thert  is  no  known  instance  in  the 

well  as  with  the  other  planets,  which  have  a  universe  (if  that  to  which  we  are  now  advert- 

rotation  round  their  axes,  some  in  ten  hours,  ing  be  excepted)  of  a  larger  bodt/  revolving 

some  in  twenty-three,  and  some  in  ten  hours  around  a  smaikr.    The  planet  Jupiter  does 

and  a  half;  ahd,  consequently,  from  the  sur-  not  revolve  around  his  satellites,  which  are  a 

faces  of  these  bodies  the  heavens  will  appear  thousand  times  less  than  that  ponderous  globe, 

to  revolve  around  them  in  another  direction  but  they  all  revolve  around  him;  nor  does  the 

from  what  they  do  to  us,  and,  in  certain  in*  earth,  which  is  fifty  times  larger  than  the 

stances,  with  a  much  greater  degree  of  velocity,  moon,  revolve  around  that  nocturnal  luminary, 

We  must  therefore  conclude  that  our  motion  but  she  regularly  revolves  about  the  earth,  as 

every  day  towards  the  east  causes  the  heavens  the  more  immediate  centre  of  her  motion, 

to  appear  as  if  they  moved  towards  the  west ;  The  sun  does  not  perform   his    revcdution 

just  as  the  trees  and  houses  on  the  nde  of  a  around  Venus  or  Mercury,  but  these  phinets, 

narrow  river  appear  to  move  to  the  west  when  Vhich  are  small,  compared  with  that  mighty 

we  are  sailing  down  its  current  in  a.  steamboat  orb,  contmually  revolve  about  him  as  the 

towards  the  east.  centre  of  their  motions.    Neither  on  earth  nor 

2.  Because  it  is  impossible  to  conceive  that  in  the  heavens  is  there  an  instance  to  be  found 
so  numy  bodies  of  different  magnitudes^  and  contrary  to  this  law,  which  appears  to  pervade 
at  different  distances  from  tite  earth,  could  all  the  whole  system  of  universal  nature ;  but  if 
have  the  same  period  of  diurnal  revolution*  the  diurnal  revolution  of  the  stars  is  to  be  con- 
The  sun  is  four  hundred  times  further  from  us  sidered  as  their  proper  motion,  then  the  whole 
than  the  moon,  and  is  sixty  millions  of  times  universe,  with  all  the  myriads  of  huge  globes 
larger.  Saturn  and  Herschcl  are  still  further  it  contains,  is  to  be  considered  as  daily  revolv- 
from  the  earth ;  the  comets  are  of  different  ing  aromid  an  inconsiderable  boll,  whidi, 
sizes,  and  traverse  the  heavens  in  all  directions  when  compared  with  these  luminaries,  is  only 
and  at  difierent  distances ;  the  fixed  stars  are  as  an  atom  to  the  sun,  or  as  the  smalls  paiti- 
evidently  placed  at  different  distances  from  the  cle  of  vapour  to  the  vast  ocean, 
earth  and  from  each  other ;  yet  all  these  bodies  6.  The  apparent  motion  of  the  heavens 
have  exactly  the  same  period  of  revolution,  carmot  bo  admitted  as  real,  because  it  tvould 
even  to  a  single  moment,  if  the  heavens  re-  confound  all  our  ideas  of  the  in^dUgenee  of 
volve  around  the  earth,  and  that,  too,  notwith-  the  Deity.  While  it  tended  to  exalt  our  con- 
standing  the  other  motions,  in  various  direo-  oeptions  of  his  omnipotence  to  the  'highest 
tions,  which  many  of  them  perform.  It  is,  pitch,  it  would  convey  to  us  a  most  unworthy 
therefore,  much  more  natural  and  reasonable  and  distorted  idea  of  his  vnsdom*  Wisdom 
to  suppose  that  the  earth  revolves  around  its  is  that  perfection  of  an  intelligent  agent  which 
axis,  since  this  circumstance  solves  all  the  enuUes  him  to  proportionate  one  thing  to  an* 
phenomena  and  removes  every  difficulty.  other,  and  to  devise  the  most  proper  means 

8.  Because  such  a  rate  of  motion  in  ifte  in  order  to  accomplish  important  ends.  We 
heavenly  bodies,  if  it  could  be  supposed  to  ex-  infer  that  an  artist  is  a  wise  man  from  the  na- 
ist,  would  soon  shatter  them  to  atoms.  Were  tare  of  his  workmanship,  and  the  methods  he 
a  ball  of  wood  to  be  projected  from  a  canon  at  employs  to  accomplish  his  purposes.  We 
the  rate  of  a  thousand  miles  an  hour,  in  a  should  reckon  that  person  foolish  in  the  ex- 
few  moments  it  would  be  reduced  to  splinters ;  treme  who  should  construct,  at  a  gre^^  expense, 
and  hence  the  forage  and  other  sofl  substances  a  huge  and  clumsy  piece  of  machinery  for 
projected  from  a  musket  or  a  piece  of  ordnance  carrying  round  a  gprate,  and  the  wall  of  a 
are  instantly  torn  to  pieces.  What,  then,  house  to  which  it  is  attached,  for  the  purpose 
might  be  supposed  to  be  the  consequence,  were  of  roasting  a  small  fowl  placed  in  the  centre 
a  body  impelled  through  the  regions  of  space  of  its  motion,  instead  of  making  the  fowl 
with  a  velocity  of  a  hundred  and  forty  thou-  turn  round  its  different  sides  to  the  fire.  We 
sand  millions  of  miles  in  a  moment  of  time  1  should  consider  it  as  the  most  preposterous 
It  would  most  assuredly  reduce  to  atoms  the  project  that  was  ever  devised  were  a  commu- 
most  compact  bodies  in  the  universe,  although  nity  to  attempt,  by  machinery,  to  make  a 
they  were  composed  of  substances  harder  than  town  and  its  harbour  move  forward  to  meet 
adamant  But  as  the  fixed  stars  appear  to  be  every  boat  and  small  vessel  that  entered  tfa« 
bodies  of  a  nature  somewhat  sioular  to  the  liver  on  which  it  was  situated,  uistead  of  aW 
sun,  and  as  the  sun  it  much  less  dense  than  lowing  such  vehicles  to  move  onward  as  they 
(860) 
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io  at  present.  But  none  of  these  schemes  the  res]  motion  of  the  earth,  which  carries  os 
woidd  be  half  so  preposterous  as  to  suppose  along  with  it  as  a  ship  carries  its  passenger* 
that  the  Tast  universe  moves  daily  round  an  along  the  sea.  With  regard  to  motion,  it 
inconsiderable  ball,  when  no  end  is  accom-  may  be  observed  that,  strictly  speaking,  we  do 
ptisbcd  by  such  a  revolution  but  what  may  be  not  perceive  any  motion  either  in  the  earth  or 
efl&cted  in  the  most  simple  manner.  Such  a  in  the  heavens.  When  we  look  at  a  star  with 
device,  therefore,  cannot  be  any  part  of  the  the  utmost  steadiness,  we  perceive  no  motion, 
arrangements  of  Infinite  Wisdom.  It  would  although  we  keep/  our  eye  fixed  upon  it  for  a 
tend  to  lessen  our  ideas  of  the  intelUgenct  of  few  minutes ;  but,  if  we  mark  the  position 
that  adorable  Being  who  is  *'  wonderful  in  of  the  star  with  regard  Ui  a  tree  or  a  chimney 
counsel  and  excellent  in  working,''  who  **  esta-  top,  and,  after  an  hour  or  two,  view  the  star 
blishcd  the  world  by  his  wisdom,  and  stretched  from  the  same  station,  we  shall  find  that  it 
oat  the  heavens  by  his  understanding,"  and  then  appears  in  a  different  direction.  Hence 
whose  vrisdom  as  far  excels  that  of  man  as  the  we  infer  that  motion  has  taken  place;  but 
**  heaven  in  its  height  surpasses  the  earth."  whether  the  motion  be  in  the  star  or  in  the 
This  argument  alone  I  consider  as  demon-  persons  who  have  been  observing  it,  remains 
Etrati\-e  of  the  position  we  are  now  attempting  still  to  be  determined.  We  perceive  no  motion 
to  support.  in  the  star  any  more  than  we  feel  the  motion 
The  above  are  a  few  arguments  which,  of  the  earth.  All  that  we  perceive  is,  that 
when  properly  wdghed,  ought  to  cany  con-  the  two  objects  have  changed  their  relative 
viction  to  the  mind  of  every  rational  inquirer,  positions ;  an^  therefore,  the  body  that  is 
that  the  general  motion  which  appears  in  the  really  in  motion  must  be  determined  by  such 
stany  heavens  is  not  real,  but  is  caused  by  the  considerations  as  we  have  stated  above. 
rotation  of  the  earth  round  its  axis  every  day,  Besides  the  apparent  diurnal  revolution  of 
by  which  we  and  all  the  inhabitants  of  the  the  heavenfs,  there  is  another  apparent  motion 
fl^be  are  carried  round  in  a  regular  and  uni-  which  requires  to  be  considered.  It  is  well 
form  motion  from  west  to  east.  When  this  known  to  every  one  who  has  paid  the  least 
conclusion  is  admitted,  it  removes  every  diffi-  attention  to  this  subject,  that  we  do  not  per- 
cnl^'  and  every  disproportion  which  at  first  ceive  the  same  clusters  of  stars  at  every  sea- 
appeared  in  the  motions  and  arrangements  son  of  the  year.  If,  for  example,  we  take  a 
<k  the  celestial  orbs,  and  reduces  the  system  view  of  the  starry  heavens  on  the  first  of  Oc- 
oftiie  universe  to  a  scene  of  beauty,  harmony,  tober,  at  ten  o'clock  in  the  eveninff,  and 
and  order  worthy  of  the  infinite  wisdom  of  again,  at  the  same  hour,  on  the  first  of  April, 
Hun  who  formed  the  plan  of  the  mighty  we  shall  find  that  the  clusters  of  stars  in  the 
fabric,  and  who  settled  *'  the  ordinances  ii  southern  parts  of  the  heavens  are,  at  the  lat* 
heaven."  Instead,  &en,  of  remaining  in  a  tcr  period,  altogether  different  from  those 
state  of  absolute  rest,  as  we  are  at  first  apt  to  which  appeared  in  the  former ;  and  those 
imagine,  we  are  transported  every  moment  which  are  in  the  neighbourhood  of  the  pole 
towards  tiie  east  with  a  motion  ten  times  more  will  appear  in  a  different  position  in  April 
rapid  than  has  ever  been  efi&cted  by  steam-  from  what  they  did  at  the  same  hour  in  thit 
carriages  or  air-balloons.  It  is  true,  we  do  month  of  October.  The  square  of  the  Great 
not  feel  this  motion,  because  it  is  smooth  and  JSear,  for  example,  will  appear  immediately 
omforra,  and  is  never  interrupted.  The  earth  hehw  the  pole-star  in  October ;  whereas  in 
is  carried  forward  in  its  course,  not  like  a  ship  April  it  will  appear  as  far  above  it,  and  near 
in  the  midst  of  a  tempestuous  ocean,  but  to  the  zenith.  In  the  foriner  case,  the  two 
through  a  smooth  ethereal  sea,  where  all  is  stars  called  the  Pointera  will  point  upward 
calm  and  serene,  and  where  no  commotions  to  to  the  pole,  in  the  latter  case  they  will  point 
disturb  its  motion  ever  arise.  Carried  along  downward*  In  October  this  constellation  will 
with  a  velocity  which  is  common  to  every  appear  nearly  in  the  position  represented  in 
thing  around  us,  we  arc  in  a  state  somewhat  fig.  1  (p-  14) ;  in  April  it  will  appear  nearly 
similir  to  that  of  a  person  in  a  ship  which  is  as  represented  in  fig.  3  (p.  15).  These  varia- 
sailing  with  rapidity  in  a  smooth  current ;  he  tions  in  the  appearance  of  the  stars  lead  us 
ieels  no  motion  except  when  a  large  wave  or  to  conclude  that  there  is  an  apparent  annual 
other  body  happens  to  dash  agvnst  ttte  vessel ;  motion  in  these  luminaries.  This  motion  may 
he  fencies  himself  at  rest,  while  the  shore,  the  be  observed,  if  we  take  notice,  for  a  few  days  or 
buildings,  and  the  hills  appear  to  him  to  move;  weeks,  of  those  stars  which  are  situated  near 
but  the  smallness  of  the  vessel,  compared  the  path  of  the  sun.  When  we  see  a  bright 
with  the  largeness  of  the  objects  which  seem  star  near  the  western  horizon,  a  little  elevi^ed 
Id  move,  convinces  him  that  the  motion  is  above  the  place  where  the  sun  went  down,  if 
connected  with  the  ship  in  which  he  sails :  we  continue  our  observation  we  shall  find  that 
and  on  similar  principles  we  infer  that  the  every  day  it  appears  less  elevated  at  the  same 
woputaai.  motion  of  the  heavens  is  caused  by  hour,  and  seems  to  he  gradually  approaching 
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to  the  point  of  the  heavens  in  wbich  ^e  sun  year  in  ooni«quence  of  the  annual  motion  of 
ie  situated,  (ill,  in  the  course  of  a  week  or  the  earth.  But  this  subject  will  be  more  pai^ 
two,  il  ceases  to  bo  visible,  being  overpowered  ticularly  explained  hi  the  sequel, 
by  the  superior  brightness  of  the  sun.  In  From  what  we  have  now  stated  in  relation 
the  course  of  a  month  or  two  the  same  star  to  the  apparent  motions  of  the  heavens,  we 
which  disappeared  in  the  west  will  be  seen  are  necesmrily  led  to  conceive  of  the  earth  aa 
rising  some  time  before  the  sun  in  the  east,  a  body,  placed,  as  it  were,  in  the  midst  of  in- 
having  passed  from  the  eastern  side  of  the  finite  space,  and  surrounded  in  every  direc- 
sun  to  a  distance  considerably  westward  of  tion,  above,  below,  on  the  right  hand  and 
him.  The  stars  in  the  western  quarter  of  the  on  the  left,  with  the  luminaries  of  heaven, 
heavens  which  appeared  more  elevated  will  which  display  their  radiance  from  every  quar- 
be  found  gradually  to  approximate  to  the  sun,  ter  at  immeasurable  distances;  and  that  its 
till  they  likewise  disappear ;  and  in  this  man-  annual  and  diurnal  motions  account  for  all 
ner  all  the  stars  of  heaven  seem  to  have  a  the  movements  which  appear  in  the  celestial 
revolution,  distinct  from  their  diurnal,  from  sphere.  Hence  it  is  a  necessary  conclusion, 
east  to  west,  which  is  accomplished  in  the  that  we  are  surrounded  at  all  times  with  a 
course  of  a  year.  host  of  stars,  in  the  daytime  as  well  as  in 

The  diilerent  positions  of  the  Pleiades^  or  the   night,  although  they  are  then  imper- 

seven  stars,  at  diiSerent  seasons  of  the  year,  oeptible.    The  reason  why  they  are  invisible 

will  afford  every  observer  an  opportunity  of  during  the  day  is  obviously  that  their  fiiinter 

perceiving  this  motion.    About  the  middle  of  light  is  overpowered  by  the  more  vivid  splen- 

September  these  stars  will  be  seen,  about  dour  of  the  sun  and  the  reflective  power  of 

eight  oVIock  in  the  evening,  a  little  to  the  the  atmosphere.    But  although  they  are  then 

south  of  the  north-east  point  of  the  horizon ;  imperceptible  to  the  unassisted  eye,  they  can 

about  the  middle  of  January,  at  the  same  be  distinctly  perceived,  not  only  in  the  mom- 

houTf  tliey  will  be  seen  on  the  meridian,  or  ings  and  evenings,  but  even  at  noonday,  while 

due  south ;  on  the  first  of  March  they  will  be  the  sun  is  shining  bright,  hy  means  of  tele* 

seen  half  way  between  the  zenith  and  the  scopes  adapted  to  an  eqoatorud  motion ;  and 

western  horizon ;  about  the  middle  of  April  in  this  way  almost  every  star  visible  to  the . 

they  will  appear  very  near  the  horizon ;  soon  nuked  eye  at  night  can  be  pointed  out,  even 

afler  which  they  will  be  overpowered  by  the  amid  the  elTulgenco  of  day,  when  it  is  within 

solar  rays,  and  will  remain  invisible  for  nearly  the  boundary  of  our  hemisphere.    When  the 

two  montlis,  afler  which  they  will  reappear  in  stars  which  appear  in  our  sky  at  night  have, 

the  east,  early  in  the  morning,  before  the  ris-  in  consequence  of  tlio  rotation  of  the  earth, 

ing  sun.  passed  from  our  view,  in  about  twelve  hours 

This  annual  motion  of  the  stars  evidently  afterward  tliey  will  make  their  appearance 
indicates  that  the  sun  has  an  apparent  mo-  nearly  in  the  same  manner  to  those  who  live 
tion  every  day  from  west  to  eastf  contrary  to  on  the  opposite  side  of  the  globe ;  and  wheu 
his  apparent  diurnal  motion,  which  is  from  they  have  cheered  the  inhabitants  of  those 
east  to  west  This  apparent  motion  is  at  the  places  with  their  radiance,  they  will  again  re- 
nte of  nearly  a  degree  every  day,  a  space  turn  to  adorn  our  nocturnal  sky. 
nearly  equal  to  twice  the  sun's  apparent  On  the  whole,  the  starry  heavens  present^ 
diameter.  In  this  way  the  sun  appears  to  de-  even  to  the  vulgar  eye,  a  scene  of  grandeur 
scribe  a  circle  around  the  whole  heavens,  firom  and  magnificence*  We  know  not  the  par- 
west  to  east,  in  the  course  of  a  year.  This  ticular  destination  of  each  of  those  luminous 
apparent  motion  of  the  sun  is  caused  by  the  globes  which  emit  their  radiance  to  us  from 
annual  revolution  of  the  earth  around  the  afar,  or  the  specific  ends  it  is  intended  to  sub- 
sun  as  the  centre  of  its  motion,  which  com-  serve  in  the  station  which  it  occupies,  though 
pletely  accounts  for  all  the  apparent  move-  we  cannot  d6ubt  that  all  of  them  answer  pur- 
ments  in  the  sun  and  stars  to  which  we  have  poses  in  the  Creator's  plan  worthy  of  his  per- 
now  adverted.  If  we  place  a  candle  upon  a  fections  and  of  their  magnitude  and  grandeur ; 
table  in  the  midst  of  a  room,  and  walk  round  but  we  are  certain  that  they  have,  at  least,  a 
it  in  a  circle,  and,  as  we  proceed,  mark  the  remote  rolation  to  man,  as  well  as  to  other 
difi*erent  parts  of  the  opposite  walls  with  beings  far  removed  from  us,  in  the  decorations 
which  the  candle  appears  coincident,  when  they  throw  around  his  earthly  mansion.  They 
we  have  completed  our  circle  the  candle  will  serve  as  a  glorious  ceiling  to  his  habitation, 
appear  to  have  made  a  revolution  round  the  Like  so  many  thousand  sparkling  lustres,  they 
room.  If  the  walls  be  conceived  to  represent  are  hung  up  in  the  magnificent  canopy  which 
the  starry  heavens,  and  the  candle  the  sun,  it  covers  his  abode.  He  perceives  them  shining 
will  convey  a  rude  idea  of  the  apparent  mo-  and  glittering  on  every  liand,  and  tlie  dark 
tion  of  the  sun,  and  the  different  clusters  of  azure  which  surrounds  them  contributes  to 
stars  which  appear  at  diflerent  seasons  of  the  augment  their  splendour.  Tho  variety  of 
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Instre  wliich  appears  in  every  star,  from  thoee  the  stars  bad  been  created  solely  for  the  uto 
of  the  sixth  magnitude  to  those  of  the  first,  of  onr  world,  while,  at  the  same  time,  they 
and  the  multifarious  figures  of  the  different  serve  to  diversify  the  nocturnal  sky  of  other 
constellations,  present  a  scene  as  diversified  as  planets,  and  to  diffuse  their  light  and  influence 
it  is  brilUanL     What  are  all  the  decorations  over  ten  thousands  of   other  worlds    with 
of  a  Vauxhall  Garden,  with  its  thousands  of  which  they  are  mons  immediately  connected ; 
variegated   lamps,  compared  with  ten  thou*  so  that,  in  this  respect,  as  well  as  in  evciy 
Bands  of  suns,  diffusing  their  beams  over  oar  other,  the  Alniii^hty  produces  the  most  sub- 
habitation  from  regions  of  space  immeasurably  lime  and  diversified  efiects  by  means  the  most 
distant?     A  mere  gewgaw  in  comparison;  simple  and  economical,  and  renders  every 
and  yet  there  are  thousands  who  eagerly  flock  part  of  the  universe  subservient  to  another, 
to  such  gaudy  shows  who  have  never  spent  and  to  the  good  of  the  whole. 
an  hour  in  contemplating  the  glories  of  the  Before  proceeding  further,  it  may  be  expedient 
firmament,  which  may  be  beheld  '^  without  to  explain  the  measures  by  which  astrono- 
DMNiey  and  without  price.*'    That  man  who  mers  estimate  the  apparent  distances  between 
has  never  looked  up  vrith  serious  attention  to  any  two  points  of  the  heavens.    Every  circle 
the  motions  and  arrangements  of  the  heavenly  is  supposed  to  be  divided  into  360  equal  parts. 
Offbs  must  be  inspired  with  but  a  slender  de-  A  circle  which  surrounds  the  concavity  of  the 
gree  of  reverence  for  the  Aknighty  Creator,  heavens,  as  that  which  surrounds  an  artificial 
and  devoid  of  taste  ^or  enjoying  the  beautiful  globe,  is  divided  into  the  same  number  of 
and  the  sublime.  parts.    The  number  360  is  entirely  arbitrary, 
The  stars  not  only  adorn  the  roof  of  our  and  any  otlier  number,  had  mathematicians 
sublunary  mansion,  but  they  are  also  in  many  chosen,  micht  have  been  fixed  upon:  and 
respects  useful  to  man.    Their  influences  hence  the  French,  in  their  measures  of  the 
are  placid  and  gentle.     Their  rays,  being  dis-  circle,  divide  it  into  400  equal'  parts  or  de* 
persed  through  spaces  so  vast  and  immense,  grees ;  each  degree  into   100  minutes,  and 
■re  entirely  destitute  of  heat  by  the  time  they  each  minute  into  100  seconds.    The  reason 
arrive  at  our  abode;  so  that  we  enjoy  the  view  why  the  number  360  appears  to  have  been 
of  a  more  numerous  assemblage  of  luminous  selected  is,  that  this  nuntber  may  be  divided 
globes  without  any  danger  of  their  destroying  into  halves,  quaiters,  and  eighths,  without  a 
the  coolness  of  the  night  or  the  quiet  of  our  fraction ;  and,  perhaps,  because  the  year  was, 
repose.    They  serve  to  guide  the  traveller  in  former  times,  supposed  to  contain  about 
both  by  sea  and  land ;  they  direct  the  naviga-  360  days.    Each  degree  is  divided  into  sixty 
tor  in  tracing  his  course  from  one  continent  minutes,  each  minute  into  sixty  seconds,  each 
to  another  through  the  pathless  ocean.   They  second  into  sixty  thirds,  dec.     Degrees  tire 
serve  ** for  signs  and  for  seasons,  and  for  days  marked  thus, ®  ;  minute,' ;  seconds, '' ;  thirds, 
and  years."     They  direct  the  labours  of  the  ''^    Thus  the  obliquity  of  the  ecliptic  for 
husbandman,  and  determine  the  return  and  January  1st,  1836,  was  twenty^three  degrees, 
conclusion  of  the  season.     They  serve  as  a  twenty-seven     minutes,    forty-two    seconds, 
magnificent  *'  timepiece"  to  determine  the  tnie  which  are  thus  expressed,  23^  27'  42''. 
length  of  the  day  and  of  the  year,  and  to  It  may  not  be  improper  to  remark,  that 
mark  with  accuracy  all  their  subordinate  divi*  when  we  state  the  number  of  degrees  between 
sions.    They  assist  us  in  our  commerce,  and  two  objects,  either  on  the  earth  or  in  the 
in  endeavouring  to  propagate  religion  among  heavens,  it  is  not  intented  to  express  the  real 
the  nations,  by  showing  us  our  path  to  every  distance,  but  only  the  relative  or  apparent 
region  of  the  earth.    They  have  enabled  us  distance  of  the  objects.    Thus,  when  we  say 
to  measure  the  cbrcumference  of  the  globe,  that  two  places  on  the  earth,  which  lie  direct- 
to  ascertain  the  density  of  the  materials  of  ly  north  and  south  of  each  other,  are  twenty 
which  it  is  composed,  and  to  determine  the  degrees  distant,  it  does  not  convey  an  idea  of 
exact  position  of  all  places  upon  its  surface,  the  actual  distance  of  these  places  from  each 
They  cheer  the  long  nights  of  several  months  other,  but  only  what  proportion  of  the  earth's 
in  the  polar  regions,  which  would  otherwise  circumference  intervenes  between  them.    If, 
be  overspread  with  impenetrable  darkness,  however,  we  know  the  number  of  yards  or 
Above  allt  they  open  a  prospect  into  the  ze-  miles  contained  in  that  circumference,  or  in  a 
gtons  of  other  worlds,  and  tend  to  amplify  single  degree  of  it,  we  can  then  find  the  actual 
our  views  of  thftt  Almighty  Being  who  brought  distance,  by  multiplying  the  number  of  de- 
them  into  existence  by  his  power,  and  ^*  whose  grees  by  the  number  of  miles  in  a  degree, 
kingdom  ruleth  over  all."    In  these  arrange-  But  this  supposes  that  the  extent  of  a  degree 
ments  of  the  stars-  in  reference  to  our  globe,  on  the  earth's  surface  has  been  measured,  and 
the  Divine  wisdom  and  goodness  may  be  thenumberof  yards  or  miles  it  contains  ascer* 
dearly  perceived.    We  enjoy  all  the  advan-  tained.    In  like  manner,  when  we  say  that 
tam  to  which  we  have  alluded  as  much  as  if  two  stars  in  the  ho«ivens  are  fifteen  degreea 
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from  each  other,  thiii  merely  expresses  their  eastward  of  these  stars,  in  fourteen  degreea ; 
relative  position,  or  what  portion  of  a  great  that  the  distance  between  Castor  and  Pollux 
eirde  ofUie  celestial  sphere  intervenes  hetween  is  five  degrees ;  and  the  distance  between  BeU 
ihem,  bat  determines  nothing  as  to  their  real  latrix  and  Beielguese,  the  stars  in  the  right 
distance,  which  is  far  surpassing  our  compre-  and  left  shoulder  of  Onoriy  is  eight  degrees. 
henston.  The  real  magnitude  of  objects  or  Perhaps  the  moat  definite  measure  for  a  corn- 
spaces  in  the  heavens  depends  upon  their  di9-  mon  observer  is  that  which  is  to  be  found  in 
tanoe.  Thus,  the  apparent  breadth  or  diame-  the  three  stars  in  a  straight  line  which  form 
ter  of  the  moon  is  about  half  a  degree,  or  the  heU  of  Orion,  which  are  known  to  every 
nearly  tliirty  two  minutes,  and  that  of  the  sun  one,  and  which  arc  distinguished  in  England 
nearly  the  same ;  but  as  the  moon  is  much  by  the  name  of  the  Three  Kings,  or  the  Ell 
Dearer  to  us  than  the  sun,  a  minute  of  a  and  Yard,  and  in  Scotland  by  **  The  hadifi 
degree  on  her  surface  ia  equal  only  to  about  Eboand**  The  line  which  unites  these  three 
seventy  miles,  while  a  minute  on  the  sun's  stars  measures  exactly  three  degrees,  and,  con- 
sur&ce  is  equal  to  more  &an  28,000  miles,  sequendy,  there  is  just  one  and  a  half  degree 
which  is  four  hundred  times  greater.  The  between  the  central  star  and  the  one  on  earh 
greatest  apparent  diameter  of  Saturn  is  twenty  side  of  it  By  applying  this  rule  or  yard  to 
seconds,  or  one  third  of  a  minute  the  greatest  any  of  the  spaces  of  the  firmament,  the  num- 
diameter  of  Venus  is  fifty-eight  seconds,  or  her  of  degrees  which  intervenes  between  any 
nearly  a  minute ;  but  as  Saturn  is  much  fur-  two  objects  may  be  nearly  ascertained.  Orion 
ther  from  us  than  Venus,  his  real  diameter  is  is  the  most  striking  and  splendid  of  all  the 
79,000  miles,  wliile  that  of  Venus  is  only  constellations;  and  as  the  equator  runs  through 
7,700.  Before  the  real  diameter  of  any  ol>-  the  middle  of  it,  it  is  visible  from  all  the  hahit- 
ject  in  the  heavens  can  be  determined,  its  dis-  able  parts  of  the  globe.  About  the  middle 
tance  must  be  first  ascertained.  of  January  it  is  nearly  due  south  at  nine 

Those  who  have  never  bean  in  the  practice  o'clock  in  the  evening, 
ofapplyingangular  instruments  to  the  heavens  I  have  been  somewhat  particular  in  the 
may  aquire  a  tolembly  correct  idea  of  the  ex-  above  sketches  of  the  apparent  motions  and 
tent  of  space  which  is  expressed  by  any  nnm-  phenomena  of  the  heavens,  because  such  de- 
hor of  degrees  by  consid<%ring  that  &e  apparent  scriptions  are  seldom  or  never  given  in  element- 
diameters  of  the  sun  and  moon  arc  about  ktilf  ary  treatises ;  because  I  vr'idi  every  lover  of 
a  degree  /  that  the  distance  between  the  two  the  science  of  astronomy  to  contemplate  with 
pmntera  in  the  Great  Bear  is  about  five  do-  his  own  eyes  the  scenery  of  the  sky ;  and  be* 
grees ;  that  the  distance  between  the  pole-star  cause  such  views  and  observations  of  the 
and  the  nearest  pointer  is  twenty-nine  degrees;  general  aspect  of  the  heavens  are  necessary 
that  the  distance  between  the  Pleiades  and  in  order  to  understand  the  true  system  of  the 
the  mddy  star  Aldebaran,  which  lies  to  the   universe. 


CHAPTER  n. 

On  the  general  arrangement  of  the  Planetary  System, 

Wbett  we  take  an  attentive  view  of  the  north  or  south,  or  to  the  west,  of  the  seven 
nocturnal  heavens  at  different  periods,  we  stars ;  and  the  same  may  be  said,  with  two  or 
find  that  the  stars  never  shift  their  positions  three  exceptions,  in  record  to  all  the  stars  in 
with  respect  to  each  other.  The  stars,  for  the  heavens,  which  preserve  invariably  the 
instance,  that  form  the  constellation  of  Orion,  same  general  relations  to  earii  other  from  one 
preserve  the  same  relative  positions  to  each  year  and  century  to  another.  Hence  thev 
other  every  succeeding  day,  and  month,  and  have  been  denominated /jvef^/orx.  But  when 
year.  They  exhibit  the  same  general  figure  an  attentive  observer  surveys  the  heavens  with 
which  they  presented  in  the  days  of  our  minuteness,  he  will  occasionally  perceive  some 
fiithers,  and  even  in  the  times  of  Amos  and  bodies  that  shift  Uieir  positions.  Wlien  the 
of  Job.  We  never  see  the  three  stars  in  the  movements  of  these  bodies  are  carefully 
belt,  which  Job  calls  « the  bands  of  Orion,"  marked,  they  will  be  found  to  direct  their 
move  nearer  to,  or  fiirther  from,  each  other,  course  sometimes  to  the  east,  at  other  times 
We  never  see  the  pointers  in  the  Great  Bear  to  the  west,  and  at  certain  times  to  remain  in 
dirRcted  on  any  other  line  than  towards  the  a  fixed  position ;  but  on  the  whole,  thdr 
polo-star,  nor  do  we  see  Aldebaran  to  the  motion  is  generally  fix>m  west  to  east  Tlieit 
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motioo  is  perceived  by  their  appearing  some-  for  the  service  of  which  it  was  designed, 
times  on  one  side  of  a  star  and  sometimes  on  These  heavens  were  eonceived  to  be  solid/ 
another.  They  appear  to  partake  of  the  ge-  otherwise  the  upper  ones  could  have  had  no 
neral  diurnal  motion  of  the  heavens,  and  rise  influence  on  the  lower  to  make  them  perform 
and  set  with  the  stars  to  which  they  are  adja-  their  daily  motion,  and  they  behooved  to  be 
cent  These  bodies  have  received  the  name  of  the  finest  crystal,  because  the  light  of  the 
ef  planets^  tliat  is  uxtndering  stars,-  and,  in-  stars  could  not  otherwise  penetrate  the  thick- 
deed,  were  their  real  motions  such  as  they  ness  of  these  arches  applied  one  over  another, 
appear  to  a  common  observer,  the  name  would  nor  reach  our  eyes.  Above  tlie  sphere  of  the 
be  exceedingly  appropriate.  For  their  appa-  fixed  stars  were  placed  the  first  and  second 
rent  motions  are  in  many  instances  exceed-  ciystallind  heavens,  and  above  these  the  pri' 
ingly  irregular ;  and,  were  they  delineated  on  fnum  mobile,  which  canied  round  all  the 
paper,  or  attempted  to  be  exhibited  by  machi-  subordinate  spheres.  They  imagined  that  the 
neiy,  they  would  appear  an  almost  inextricable  primum  mobile  was  circumscribed  by  the 
maze.  Ten  bodies  of  this  description  have  empyreal  heaven,  of  a  cubic  form,  which  tliey 
been  discovered  in  the  heavens,  five  of  which  supposed  to  be  the  blessed  abode  of  departed 
are  invisible  to  the  naked  eye,  and  can  only  souls.  Some  astronomers  were  contented  with 
be  perceived  by  meuis  of  telescopes.  They  seven  or  eight  different  spheres,  while  others 
were,  of  course,' unknown  to  the  ancients,  imagined  no  less  than  seventy  of  them 
The  names  of  the  five  which  have  been  known  wrapped  up  one  within  another,  and  all  in 
in  all  ages  are.  Mercury,  Venus,  Mars,  Jupiter,  separate  motions.  They  no  sooner  discovered 
cuid  Saturn.  The  names  of  the  other  "five,  some  new  motion  or  effect,  formerly  unknown, 
which  have  been  discovered  within  the  last  that  they  immediately  set  to  work  and  patched 
sixty  years,  are,  Vesta,  Juno,  Ceres,  Pallas,  up  a  new  sphere,  giving  it  such  motions  and 
and  Uranus^  or  Herschel.  directions  as  were  deemed  requisite.    Cycles, 

It  was  long  before  the  true  magnitudes  and  epicycles,  deferents,  centric  and  eccentric 
real  motions  of  these  globes  were  fiilly  ascer-  circles, ,  solid  spheres,  and  other  celestial 
tained.  Most  of  the  ancient  astronomers  snp-  machinery,  were  all  employed  to  solve  the  in- 
posed  that  the  earth  was  a  quiescent  body  in  tricate  motions  of  the  heavens,  which  seemed 
the  centre  of  the  universe,  and  that  the  planets  to  baffle  all  the  efforts  of  human  ingenuity, 
revolved  around  it  in  so  many  difierent  heavens,  After  their  system  was  supposed  to  be  com- 
which  were  nearly  concentric,  and  raised  one  pleted,  new  anomalies  were  detected,  which 
above  another  in  a  certain  order.  The  first  or  required  new  pieces  of  machinery  to  be  applied 
lowest  ^here  was  the  Moon,  then  Mercury,  to  solve  appearances.  But  afler  all  the  in- 
and,  next  in  order,  Venus,  the  Sun,  Mars,  genuity  displayed  in  their  patchings  and  re- 
Jupiter,  Saturn,  and  tlien  the  sphere  of  the  patchings,  the  celestial  spheres  could  never 
fixed  stars.  They  found  it  no  easy  matter  to  be  got '  to  move  onward  in  harmony,  and 
reconcile  the  daily  motion,  which  carries  the  in  accordance  with  the  phenomena  of  the 
staiB  from  east  to  west,  with  another  peculiar   heaven&* 

and  slow  motion,  which  carries  them  round  It  would  be  no  easy  task  to  describe  how 
the  poles  of  the  ecliptic,  and  from  west  to  east,  their  epicycles  could  be  made  to  move  through 
intheperiodof  25,000  years;  and,  at  the  same  the  thick  trusts  of  crystal  of  which  their 
time,  with  a  third  motion,  which  carries  them  spheres  were  made.  They,  however,  found 
along  finom  east  to  west  in  a  year,*  around  the  some  means  or  other  to  extricate  themselves 
poles  of  the  ecliptic.  They  were  no  less  at  a  from  eveiy  difficulty,  as  they  always  had 
loss  how  to  reconcile  the  annual  and  daily  recourse  to  geometrical  lines,  which  never 
motions  of  the  sun,  which  are  directly  contrary  found  any  obstacle  td  their  passage  on  paper. 
to  each  otbfir.  An  additional  difficulty  was  To  make  all  the  pieces  of  their  machinery 
found  in  the  particular  course  pursued  by  each  move  with  as  much  smoothness  and  as  little 
individual  phuict  It  required  no  little  inge-  inconsistency  as  possible,  they  were  forced  to 
nuity  to  invent  celestial  machinery  to  account  delineate  certain  furrows,  or  to  notch  on  the 
for  ^1  the  variety  of  motions  which  appeared  arches  certain  grooves,  in  which  they  jointed 
among  the  heavenly  orbs.  After  the  first  and  made  the  tenons  and  mortises  of  their 
mobiles,  or  powers  of  motion,  they  placed  epicycles  to  slide.  All  this  celestial  joiner's 
some  very  large  heavens  of  BoUd  crystal,  work,  to  which  succeeding  astronomers  added 
which,  by  rolling  one  over  another,  and  by  a  several  pieces  to  produce  balancings,  or  pcr- 
mutoal  and  violent  clashing,  communicated  petual  goings  backward  and  forward,  had  no 
to  each  other  the  universal  motion  received  other  tendency  than  to  conceal  the  sublime 
from  the  primum  mobile,  or  first  mover;  and  beautiful  simplicity  of  nature,  and  to  pre- 
while,  by  a  contrary  motion,  they  resisted  this  vent  mankind,  for  many  ages,  from  recognizing 
general  impression,  and,  by  degrees,  carried  the  true  system  of  the  world.    With  all  their 

away,  eadi  afiker  its  own  manner,  the  planet      *  See  La  Pluche's  '*  SptuacU  ds  la  JVatun.^^ 
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cumbrous  and  complicatodl  machineTj,  they  church  by  his  mother's  brother,  who  wm 

never  could  account  for  the  motions  and  other  bishop  of  that  place.    His  attention  was  early 

phenomena  of  Mercury  and  Venus,  and  the  directed  to  the  sciences  of  mathematics  and 

different    apparent    ma^itudes    which    the  astronomy.    Having  travelled  into  Italy  for 

planets  present  in  different   parts  of  their  the  purpose  of  enlarging  his  knowledge  on 

orbits.     Without  admitting  the  motion  of  the  such  subjects,  he   remained   some   time  at 

earth,  it  would  sur^tass  the  wisdom  of  an  Belogna  with  Dominicus  Maria,  an  eminent 

angel,  on  any  rational  principles,  to  solve  the  professor  of  astronomy,  and  afterward  went 

phenomena  of  the  heavens.    This  is  the  sys-  to  Rome,  where  he  soon  acquired  so  great  a 

tern  which  has  been  denominated  the  PtoU-  reputation  that  he  was  chosen  professor  of 

maiCt  from  Ptolemy,  an  astronomer  in  Egypt,  mathematics,  which  he  taught  for  a  long  time 

who  first  gave  a  particular  explanation  of  its  with  great  applause.    At  the  same  time  he 

delails;  but  it  is  understood  to  have  been  was  unwearied  in  making  celestial  observft- 

received  by  the  ancient  Greek  philosophers,  tiona.     Returning  to  his  own  country,  he 

except  the  Pythagoreans.  '  It  was  supported  began  to  apply  his  vast  knowledge  in  mathe- 

by  Aristotle,  who  wrote  against  the  motion  matics'to  correct  the  system  of  astronomy 

.of  the  earth ;  and  as  the  authority  of  this  whidi  then  prevailed.    Having  applied  him- 

philosopher  was  thought  sufficient  to  establish  self  with  assiduity  to  the  study  of  the  heavens, 

the  opinion  of  the  earth  being  a  quiescent  he  soon  perceived  that  the  hypothesis  of  the 


period  „  ^    ^ ^-.^ ^ > 

the  system  to  which  almost  all  our  theological  he  dashed  the  crystalline  spheres  of  Ptolemy 

writers,  even  of  the  seventeenth  century,  uni-  to  pieces,  swept  away  his  cycles,  epicycles, 

formly  refer,  when  alluding  to  the  heavenly  and  deferents,  stopped  the  rapid  whirl  of  the 

bodies  and  to  the  general  frame  of  the  world ;  primum  mobile,  fixed  the  sun  in  the  centre 

and,  in  consequence  of  admitting  so  absurd  of  the  planetary  orbs,  removed  the  earth  fiom 

and  untenable  a  theory,  their  reflections  and  its  quiescent  state,  and  set  it  in  motion  tlirough 

remarks  in  reference  to  the  objects  of  the  the  ethereal  void  along  with  the  other  planets, 

visible  world,  and  many  of  their  comments  and  thus  introduced  simplicity  and  harmony 

on  scripture,  are  frequently  injudicious  and  into  the  system  of  the  universe.    But  such  a 

puerile,  and,  in  many  instances,  worse  than  bold  attack  on  ancient  systems,  which  had 

useless.    That  such  a  clumsy  and  bungling  heen  so  long  venerated,  could  not  be  made 

system  was  so  long  in  vogue,  is  a  disgrace  to  without  danger.    Even  the  learned  set  them- 

the  ages  in  which  it  prevailed,  and  shows  that  selves  in  opposition  to  such  bold  innovations 

even  the  learned  were  more  prone  to  frame  in  philosophy ;  the  vulgar  considered  such 

hypotheses  and  to  submit  to  Uie  authority  of  doctrines  as  chimeras,  contrary  to  the  evidence 

Aristotle,  than  to  follow  the  path  of  observof  of  their  senses,  and  allied  to  th6  ravings  of  a 

tion,  and  to  contemplate  with  their  own  eyes  maniac ;  and  the  church  thundered  its  anathe- 

the  phenomena  of  the  universe.    To  suppose  mas  against  all  such  opinions  as  most  dan- 

that  the  Architect  of  nature  was  the  author  gerous  heresies.    When  only  about  thirty-five 

of  such  a  complex  and  clumsy  piece  of  ma"  years  of  age,  Copernicus  wrote  his  book  "  On 

chinery  was  little  short  of  a  libel  on  his  per-  the  Revolution  of  the  Celestial  Orbs;"  but, 

fections,  and  a  virtual  denial  of  his  infinite  fearing  the  obloquy  and  persecution  to  which 

wisdom  and  intelligence.  his  opinions  might  expose  him,  he  withheld 

..^.  .^        ,,.    ..           ,          ^     ^  i*»  publication,  and  communicated  bis  views 

"Oh  now  nnitlce  the  complex  works  of  man,  ^-i.,  *-.  «  «»__  «,;«., j„      in^.  w»«.^  *u      *u'_* 

Heavon'a  eaiy,  artless.^URencumbet'd  planl"  ^^^^  \  *  ^^  fnsXi^    For  more  than  thirty 

years  he  postponed  the  publishing  of  this 
From  this  brief  sketch  of  the  Ptolemaic  sys-  celebrated  work,  in  which  his  system  is  de- 
tem,  we  may  learn  into  how  many  absurdities  monstrated ;  and  it  vras  with  the  utmost  diffi- 
we  involve  ourselves  by  the  denial  of  a  single  culty,  even  m  the  latter  part  of  his  life,  that 
important  fact  and  the  admission  of  a  smgle  he  could  be  prevailed  upon  to  usher  it  into 
false  principle;  and  the  importance  of  sub-  the  world.  Overcome,  at  length,  by  the  im- 
stantiating  every  fact  and  proving  every  prin-  portunity  of  his  fiiends,  he  put  the  work  in 
ciple  in  all  our  investigations  of  the  system  order,  and  dedicated  it  to  Pope  Paul  III.  ?  in 
of  nature  and  the  order  of  the  universe.  which  dedication,  not  to  abode  received  pre- 
The  first  among  the  modems  wljo  had  the  judices,  he  presented  his  system  under  the 
boldness  to  assail  the  ancient  systenx  which  form  of  a  hypothesis.  « Astronomers,"  said 
had  so  long  prevailed  was  the  fiimous  Nico-  he,  "  being  permitted  to  imagine  circles  to 
Iau9  CopemictUy  who  was  born  at  Thorn,  in  explain  the  motion  of  the  stars,  I  thought 
Polish  Prussia,  in  1472,  and  died  at  Worms,  myself  equally  entitled  to  examine  if  the  sup- 
where  he  had  been  made  a  canon  of  the  position  of  tiie  motion  of  the  earth  would 
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reader  the  theoiy  of  these  appearances  more  and  some  of  the  arguments  by  which  it  ii 

exact  and  simple."     The  work  was  printed  .at  supported. 

Nuremberg  at  the  expense  of  bis  friends,  who  '    In  this  system  the  sun  is  considered  as 

wrote  a  pnreface  to  it,  in  order  to  palliate,  -as  placed  near  the  centre.    Around  (his  central 

much  AS  possible,  so  extraordinary  an  innova-  luminary  the  planets  perform  their  revolutions 

tion.     But  its  immortal  author  did  not  live  in   the  followmg  order  :^-First,  the  planet 

to  behold  the  success  of  his  work.    He  was  Mercury,  at  the  distance  from  the  sun's  centre 

attacked  by  a  bloody  flux,  which  was  sue-  of  about  37  millions  of  miles.    Next  to  Mer- 

oeeded  by  a  palsy  in  his  leh  side;  and  only  cury  is  Venus,  distingui^ed  by  the  name  of 

a  few  hoiurs  befosre  he  breathed  li^  last  he  the  morning  and  evening  star,  at  (he  distance 

received  a  copy  of  his  work,  which  had  been  of  31  millions  of  miles  from  the  orbit  of  Mer- 

sent  him  by  one  of  his  scientific  friends.    But  cury,  and  68  millions  from  the  sun.    The 

he  had  then  other  cases  upon  bis  mind,  and  Earth  is  considered  as  the  planet  next  in 

coffipooedly  resigned  his  soul  to  Grod  on  the  order,  which  revolves  at  the  distance  of  95 

23d  of  May,  1543,  in  the  seventy-first  year  millions  of  miles  from  the  sun,  and  27  millions 

of  hts  age.    His  remains  were  deposited  in  from  the  orbit  of  Venus.    Farther  from  the 

the  cathedral  of  Frauenberg;  and  spheres  cut  sun  than  the  Earth  is  the  planet  Mars,  which 

in  relief  on  his  tomb  were  the  only  epitaph  is  145  millions  of  miles  from  the  sun,  and  50 

that  recorded  his  labours.    Not  many  years  millions  beyond  the  orbit  of  the  Earth.    Next 

ago  his  bones  were  wantonly  carried  off  to  to  the  orbit  of  Mars  are  four  small  planetary 

gratify  the  impious  curiosity  of  two  Polish  bodies,  sometimes  named  Asteroids^  which 

tnvelkrs.*  were  discovered  at  different  times  about  the 

The  system  broached  by  Copernicus,  not-  beginning  of  the  present  century.    They  are 

witfistanding  much  opposition,  soon  made  its  named  Vesta,  Juno,  Ceres,  and  Pallas.     Of 

way  araopg  the  learned  in  Europe.    It  was  these,  the  first  in  order  from  the  sun  is  Vesta, 

afterwards  powerfully  supported  by  the  ob-  at  the  distance  of  225  millions  of  miles ;  the 

servaticms  and  reasonings  of  Galileo,  Kepler,  next,  Juno,  at  the  distance  of  253  millions. 

HaBey,  Newton,  La  Place,  and  other  cele-  Ceres,  at  260  millions;  and  Pallas,  at  266 

brated  philosophers,  and  now  rests  on  a  foun-  millions  of  miles.    The  planet  Jupiter  is  the 

dation  firm  and  immutable  as  the  laws  of  the  next  in  order,  and  performs  its  revolution  in 

universe.    The  introduction  of  this  system  an  orbit  495  millions  of  miles  from  the  sun, 

may  be  considered  an  era  as  important  in  and  400  from  the  orbit  of  the  earth.     Saturn 

philosophy  as  that  of  the  Reformation  was  in  is  nearly  double  the  distance  of  Jupiter  from 

politics  and  religion.    It  had  even  a  bearing  the  sun,  being  distant  from  that  orb  above  900 

upon  the  progress  of  religion  itself,  and  upon  millions  of  miles.    The  most  distant  planet  in 

the  views  we  ought  to  take  of  the  character  the  system  which  has  yet  been  discovered  is 

and  operations  of  the  great  Creator.    It  paved  Uranus,  or  Herschel,  which  is  remo\'ed  from 

the  way  for  a  rational  contemplation  of  his  the  sun  at  more  than  double  the  distance  of 

works,  and  finr  all  those  brilliant  discoveries  in  Saturn ;  namely,  above  1800  millions  of  miles. 

the  celestial  regions  which  have  expanded  our  The  orbit  of  this  planet  includes  the  orbits  of 

views  of  his  adorable  perfections,  and  of  the  the  whole  of  the  bodies  of  the  solar  system 

boondless  extent  of  his  universal  empire.    It  that  have  hitherto  been  discovered,  and  is 

was  promulgated  nearly  at  the  same  period  eleven  thousand  three  hundred  millions  of 

when  the  superstitions  of  the  dark  ag^  were  miles  in  circumference,  and  three  thousand 

beginning  to  be  dissipated ;  when  the  power  six  hundred  millions  in  diameter.    To  move 

of  the  Romish  church  had  lost  its  ascendency ;  round  this  circumference  at  the  rate  of  thirty 

when  the  art  of  printing  had  begun  to  illumi-  miles  every  hour  w^Id  require  above  forty- 

nate  the  world ;  when  the  mariner's  compass  two  thousand  nine  hundred  years.    Such  is 

was  applied  to  the  art  of  navigation ;  when  the  order,  and  such  are  the  ample  dimensions 

the  western    continent  was    discovered    by  of  that  system  of  which  we  form  a  part ;  and 

Columbus ;  and  when  knowledge  was  begin-  yet  it  is  but  a  mere  speck  in  the  map  of  the 

ning  to  dtfiiise  its  benign  influence  over  the  imiverse.     The  following   diagram  exhibits 

nations ;  and,  therefore,  it  may  be  considered  the  order  of  the  planets  in  the  solar  system, 

as  connected  with  that  series  of  events  whi&h  In  the  following  figure  the  small  central  star 

are  destined,  in  the  moral  government  of  God,  represents  the  sun,  and  the  circles  represent  the 

to  enlighten  and  renovate  the  world.  orbits  of  Mercury,  A'enus,  the  Earth,  Mars, 

I  shall  now  proceed  to  consider  the  arrange-  Vesta,  Juno,  Ceres,  Pallas,  Jupiter,  Saturn, 

ment  of  the  planetary  or  Copernican  system,  and  Uranus,  in  the  order  here  enumerated* 

•  A  fac-nmiU  of  one  of  the  Ipttpfg  of  Copcrnlrua  The  orbits  of  the  new  planets,  Vesta,  Juno,  Ca- 
may be  ■eea  In  No.  IX.  of  the  "  Bdinbargh  Phllo-  res,  and  Pallas,  are  represental  as  crossing  each 

X'ti:r.r;;KV<;?dV.ro'i?lW^^^  oa»r  «th^do  m  nature,  »d  theporti« 

saoM  Jounal  for  July,  1823  of  a  long  eihpse  which  crosses  the  orbits  of 
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sett  vrith   otlier  pluietB,  tie,  1.  A  it  moil 

tintple  and  agreeabk  lo  the  gentral  arrange- 
menia  of  Ikt  Creator  that  nich  an  oiaei 
B>  we  luve  now  stated  should  exitl  in  the 
planEtarjr  sygtem.  For,  bj  Ihe  motion  of  the 
earth,  at]  the  phenomeiui  of  the  heavens  are 
reiolved  biuI  completely  accounted  for,  which 
they  cannot  be  on  any  other  ejBlem,  without 
tlie  Bupposiuon  of  cluuu;  and  complex  machi- 
nei;  and  motion!  altogether  repugnant  lo  rea- 
■on  and  to  what  we  know  of  the  other  opera- 
tions of  the  all  wiae  Creator.  Besides,  it  is 
contrarj  to  the  first  rule  laid  down  iji  phihwo- 
phy— "Thnt  more  causoa  of  natural  thingi 
are  not  to  be  edmilted  than  are  both  true  and 
BUfEcicnt  lo  explain  the  phenomena."  But 
the  Plolemaie,  or  vulgar  system  of  the  world, 
assumes  the  eiistence  of  facts  which  can 
never  be  established,  and  introduces  cumbrous 
and  complicated  motiona  which  are  quite  un- 
necessary for  oiplaining  the  plienontena. 
S.  Because  il  u  more  rational  lo  tuppo»e  thai 
the  earth  rrunres  about  the  sun,  llum  that  Ihe 
hufre  raatta  of  Ihe  plantte,  some  of  which 
are  a  thousand  times  larger  than  our  globn^ 
ni  (hat  thu  BtupendoUB  body  of  the  sun,  which 
is  thirteen  hundred  thoosutd  limei  greater — 
ihoaid  perform  a  reoolittion  arounii  ao  com- 
paraiiveli/  tmall  a  globe  at  Ihe  earth.  To 
■appose  the  contrary,  would  be  repugnant  to 
all  the  laws  of  motion  that  aia  known  to  ei- 
ist  in  the  univene.  We  might  as  well  ex- 
pect that  a  iling.  which  contains  a  millstone 
ill  tt,  may  be  fastened  to  a  pebble,  and  continue 
its  motion  about  (hat  pebble  without  removing 
'1,  as  that  the  sun  can  lerolve  about  tlie  earth 
CMS) 


all  Ibe  planets  repreaenta  the  orbit    . 
of  a  comiL     The  proportional  rfi'ff- 
tanea  and  mn^ifidiu  of  the  planet* 
are  reprrscntcd   in   a   subsequent 

I  shall  now  proceed  to  ol&r  a  few 
aigumenu  or  demonsliations  of  the 
truth  of  the  solar  eyalem,  as  first 
proposed  hy  Copernicus,  and  now 
received  by  all  astronomera.  I  shall 
first  stale  those  wbich  msy  be  called 
presumptiTe  arguments,  or  which 
amount  to  a  high  degree  of  proba- 
bilily,  and  then  briefly  illuatrate 
those  which  t  connder  aa'  deinon- 
slrattve.  Having  already  endea- 
voured to  prove  the  diurnal  rolalion 
of  the  eailh.  I  shall  consider  that 
point  as  settled,  and  confine  mysclll 
at  present,  to  the  consideration  of 
Ibe  earth's  annuai  rrrohilion,  and 
the  phenomena  of  the  planets  whhch 
result  from  thia  motion. 

The  presumptive  arguments  (hat 
Ihe  earth  is  a  planetary  liody,  and 
revolves  round  the  sun  in  con- 
while  Iha  eatth  continues  immovable  in  tha 
centre  of  that  motion. 

3.  It  waa  a  law  diseovenid  by  Kepler,  1  j 
which  all  (he  planets,  both  primary  and  se- 
condary, are  regulated,  "  That  ihe  squares  of 
the  periodic  times  of  the  |dancts'  revohiliona 
are  an  the  cubes  of  their  distances  ;"*  but,  if 
the  sun  move  arnniid  the  eatth,  lliat  law, 
which  is  establifllied  on  (he  most  accurate  oil- 
servatioDB,  is  completely  destroyed,  and  tha 
general  order  and  symmetry  of  the  system  of 
nature  are  infrini^ed  upon  and  in(eni]pled* 
For.  according  tu  (hat  law,  the  snn  would  be 
so  io!  iTom  revolving  about  the  earlh  in  3A5 
days,  that  it  would  require  no  leas  than  589 
years  to  accomplish  one  revolution,  as  will 
appear  from  tlie  following  calciilalion :  Tlie 
moon  revolves  round  the  earth  in  twenty-seven 
days  eight  hours,  at  the  distance  of  240,000 
miles ;  the  sun  is  placed  at  the  distance  of 
US.OOCOOO  miles.  The  peiiod  of  the  revolo- 
tioii  of  any  body  revolving  at  that  distance 
will  be  found,  according  lo  the  law  now  slated, 
by  the  following  proportion ;  As  the  cube  of 
the  moon's  distance ;  is  to  the  cube  of  the 
sun's  distance  ::  so  is  tlie  square  of  tin 
moon's  period  ;  to  the  square  of  the  period  of 
any  body  moving  about  (he  earth  at  the  dis- 
tance of  lbs   sun.    Now,  the  cube  of  the 
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Boon's  diBtance,  240,000,  is  13324,000,000  the  operaliQiis  of  nature  and  the  system  of  the 

000,000 ;  the  cube  of  the  sun's  distance,  95,  universe. 

000,000,  is  857,375,000,000,000,000,000,000.  .  There  is  no  more  dUficuity  in  conoetTiDg 
The  square  of  the  moon's  periodical  time,  the  earth  to  move  than  that  it  should  remain 
twenty-seven  days  eight  hours,  is  747,  which,  quiescent  in  the  same  place.  For  if  the  earth 
multiplied  by  the  cube  of  the  sun's  distance,  remain  at  rest  in  the  centre  of  the  system,  it 
and  divided  by  the  cube  of  the  moon's  distance,  is  supported  upon  nothing,  in  the  midst  of 
is  46,329,503,463,  the  square  root  of  which  infinite  space,  by  the  power  of  Omnipotence : 
is  -215,242  days,  or  589  years  and  257  days,  and  we  have  as  little  conception  how  a  ponde- 
This  calculation  is  of  itself  sufficient  to  deter-  rous  globe  of  the  sia^o  of  the  earth  should  re- 
mine  the  point  in  question,  for  there  is  no  ex<-  main  suspended  upon  nothing,  as  that  it 
ception  known  to  the  law  we  have  stated,  should  move  through  the  voids  oi  space  with 
Besides,  did  the  sun  observe  this  universal  a  velocity  of  sixty-eight  thousand  miles  an 
law,  and  yet  revolve  in  365  days,  his  distance  holir.  The  Power  that  is  able  to  suspend  it 
ought  to  be  only  about  1,351,000  miles,  in  empty  space  can  as  easily  make  it  fly 
whereas  it  can  be  shown  that  it  is  about  95,  throu^  the  ethereal  regions,  as  is  the  case 
000,000.  For,  as  the  square  of  the  moon's  with  Jupiter  and  Saturn,  which  are  globes  a 
period,  747  :  is  tc  tlie  square  of  the  sun's,  365  thousand  times  larger ;  and  such  a  motion  is 
X365»  133,225 ::  so  is  the  cube  of  the  neees^ory  in  order  to  display  the  harmony  and 
moon's  distance  irom  the  earth  13,824,000,  proportion  of  the  Creator's  works,  and  to  vin- 
000,000,000  :  to  2,465,465,050,240,963,855,  dicate  his  all-perfect  wisdom  and  mtelligenoe. 
the  cube  root  of  which  is  1,351,295,  or  one  It  is  even  no  more  difficult  to  conceive  such  a 
jmBioo,  three  hundred  and  fifty-one  thousand,  motion  than  it  is  to  conceive  how  the  earth 
two  hundred  and  ninety-five  miles,  which  can  be  inhabited  all  around,  and  that  there  can 
should  be  the  sun's  distance  if  he  revolved  be  no  such  thing  as  up  or  down  in  die  uni- 
about  the  earth  in  accordance  with  this  uni-  verse,  absolutely  considered ;  how,  for  exam- 
veiaal  law,  which  governs  every  moving  body,  pie,  persons  can  stand  upright  on  the  opposite 
both  primary  and  secondary.*  sides  of  the  globe ;  that  our  antipodes,  stand- 

4.  It  appears  most  reasonable  to  conclude  ing  with  their  he^ds  in  an  opposite  direction 
that  the  sun  is  placed  near  the  cenfare  of  the  to  ours  can  look  up  to  the  sky  and  doum  to 
planetary  system,  as  it  is  the  fountain  of  light  the  earth  just  as  we  do,  without  any  more 
and  beat  for  cheering  and  irradiating  all  the  danger  of  fiilling  off  from  its  surfiioe  than  we 
worlds  widiin  the  sphere  of  its  influence ;  and  are  in  of  being  carried  upward  into  the  air. 
it  is  fhan  the  centre  alone  that  these  emana-  These  are  circumstances  which  necessarily 
tions  can  be  distributed  in  uniform  and  equa-  flow  firom  the  rotundity  of  the  earth  and  its 
ble  proportions  to  all  the  planets.  If  the  earth  attractive  power ;  they  are  known  to  every  one, 
were  in  the  centre,  with  the  sun  and  planets  and  cannot  possibly  be  disputed,  unless  we 
revolving  around  it,  the  planetary  worlds  deny  the  globular  form  of  the  earth,  or,  in 
would  be,  at  difierent  times,  fX  very  difierent  other  woids,  contradict  the  evidence  both  of 
distanees  from  the  sun ;  and,  when  near^  to  our  reason  and  our  senses.  But  we  know  as 
him,  would  be  scorched  with  excessive  heat,  little  of  that  power  which  draws  every  thing 
and  at  their  greatest  distance  woiild  be  frozen  to  the  earth  on  all  sides,  as  we  do  of  a  power 
with  excessive  cold ;  and  as  some  of  the  plan-  which  carries  a  planet  round  its  orbit  at  the 
ets  would,  on  this  suppodtion,  be  eometimes  rate  of  a  hundred  thousand  mUes  an  hour, 
five  times  the  distance  from  the  source  of  light  Both  are  e&cts  of  that  Almigh^  agent  who 
and  heat  which  they  are  at  other  times,  it  contrived  the  universe,  **  who  is  wonderful  in 
would  produce  the  same  eflect  as  if  the  earth  counsel  and  excellent  in  workmg,"  and 
were  occasionally  to  be  carried  beyond  the  orbit  **  whose  ways,"  in  numerous  instances^  "  are 
ofJnpiter,  four  hundred  and  seven^  millions  of  past  finding  out"  But,  in  all  cases  where 
miles  from  its  present  position.  But  if  the  sun  the  least  doubt  exists,  we  ought  to  adopt  that 
be  considered  as  placed  in  the  centre  of  the  view  of  the  Creator's  plans  and  operations 
system,  we  have  then  presented  to  our  view  a  which  is  most  consistent  with  the  ideas  of  a 
system  of  universal  harmony  and  order :  the  Being  of  infinite  perfection. 
]^ets  all  revolving  around  the  great  central  The  arguments  now  stated,  although  we 
orb  by  the  universal  law  or  power  of  gravita-  could  produce  no  other,  would  be  sufficient  to 
tion,  and  every  thing  corresponding  to  the  corroborate  the  idea  that  the  earth  is  a  plane- 
laws  of  cireular  motion  and  central  forces ;  tary  body,  performing  its  motion  through  the 
otherwiflB  we  are  left  entirely  in  the  dark  as  to  depths  of  space ;  but,  happily,  we  are  able  to 

•  The  frimaiTf  planets  are  those  which  revolve  produce  proofr  of  the  sun  occupying  the  centra 

tbevi  the  ran  as  their  centre,  as  Venas,  Mars,  and  of  the  wrstem,  which  may  be  considered  as 

Japiter.    The  $0c0ndM.rf  planets  are  those  which  j«^^„«#JL#:„r^  tu,.^  — .^e.  t   u  ii  -»  * 

nikrt  aronnd  the  prliLry,  as  the  laooas  of  Jnpl-  demonstrative.  Those  proofii  I  shall  now  stata 

tsr,  tetvra,  sad  Unaos.  as  briefly  as  possible. 
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1.  In  Ihs  fint  place,  tho  phoelii  Mercacy  aeea  in  Ihe  eut  immedutelj  lAar  Iba  ran  bM 
■od  Veniu  are  unirorcnty  obierved  to  bave  set  in  the  mat,  u  U  tbe  oae  with  Man, 
two  eonjmietioiu  witli  tliB  nin,  but  do  oppo-  irhicb  may  bB  kwd  at  G  whin  tbe  sun  a|^««n 
siioB,  which  could  not  poodbly  hapfta  an^  at  £,  in  tbe  oppoaile  dinetuHi ;  all  which  ap- 
Ibe  orbila  of  Ihoae  planets  la;  tcilhin  tbe  oifait  pearances  are  eiaetly  eomspimdait  with  ob- 
of  the  eaith,  ai  dehneated  in  (be  plan  of  the  aervatian,  but  could  nerer  take  place  if  tha 
earft  were  the  centre  of  their  iBOtians. 

S.  Tbe  greatest  tlrmgalion  or  distance  of 
Mercui;  from  tbe  son  is  twen^-nine  dcgreca. 
Kg.  Si  and  thai  of  Venui  about  br^-aeven  iegrtta, 

vhich  amnrere  exactly  to  obaerTBtion,  and  to 
the  poaitiotiH  and  disfaincea  assigned  to  them 
in  Ihe  system  ;  but  if  they  moved  round  the 
earth  as  a  centre,  they  would  aonietimes  be 
seen  130  degrees  from  the  snnf  or  in  oppoai- 
Hon  to  him.  But  Ihey  have  never  been  seen 
'  in  such  a  position  by  any  obaerrer,  either  in 
ancient  or  modem  limea,  nor  at  greater  dis- 
tance* from  the  sun  tliail  those  now  spccilied. 
It  is  evident,  from  the  Gguie,  dial  when  Venus 
ia  at  D,  the  point  of  its  grealeet  elongation,  it 
will  he  seen  at  o,  in  the  direction  ofEa,  which 
form*  nn  angle  of  forV^HievoB  degieca  with  the 
line  £  £,  or  the  direction  c^  the  sun  a* 
seen  from  the  earth.  In  like  manner  Mer- 
cury, when  at  its  grealeit  elongation,  at  H, 
will  be  Been  at  e,  which  forms  a  less  angle 
than  Ihe  bnner  with  the  line  of  directioit  in 
which  tbe  aan  is  seen.  Hence  it  is  that  Mer- 
cury is  so  rarely  seen,  and  Venus  only  at  cer- 
tain tirues  of  the  year ;  wheieea,  vrerc  the 
earth  at  rest  m  the  centre  of  tbe  planetary 
oitiia,  theee  planeia  would  be  seen  in  all  poai- 
tions  and  distance*  from  tho  ran  in  the  same 
manner  ai  the  moon  eppesra. 

a.  The  [danets  Mara,  Jnpiter,  Saturn.  Ui«- 
nns,  and  all  Ihe  other  aoperior  planets,  have 
each  their  amjandioiu  and  oppoiilitmi  ia  the 
■an,  alternate  and  suceeaaivety,  which  could 
itre  of  the  not  be  nnleas  their  orlnts  were  txierior  to  tbe 
:,Earth;  orbitof  the  earth.  Tbui,  from  tbe  earth  at 
r.  Mar*.  It  is  evident,  that  when  Mei-  E  Mars  will  appear  in  conjunction  with  the 
Ctny  ia  at  JIf  and  Veuoa  at  Y,  they  will  be  sun  at  B  and  in  oppoaitiDn  at  O ;  that  is,  in 
•sen  from  Ihe  eaith,  E,  m  the  same  part  of  the  a  part  of  tbe  heavona  1  SO  duineee  diftani  from 
beavena  aa  the  sun ;  namely,  at  B,  where  the  lun,  or  diroctly  opposite  lo  him  ;  and  the 
Mara  ia  represented ;  because  tbey  are  all  aame  ia  the  case  with  all  the  pisnets  beyond 
situated  in  the  same  attaight  line,  E  B.  In  the  orbil  of  Mare,  which  provea  that  Ihcy  are 
this  pontion  they  are  between  the  sun  and  the  all  ailualed  in  orlnts  whii^  inekide  the  orbit 
esiith,  and  tlu>  ia  called  Ihsirm/frtaroHijaDc-  oftheearth. 

tion.  Again,  when  Mercury  and  Venus  come  i.  In  the  arrangements  of  tbe  planeta  in  the 
to  the  gituations  if,  K,  tbey  are  again  in  tha  lyatem,  aa  formerly  stated,  they  will  ell  be 
straight  hue  joining  the  centres  i(  the  earth  somedmea  much  neater  to  the  earth  Chan  at 
and  sun,  and  are  therefors  seen  in  the  nme   other  times  ;  snd,  conacquendy,  their  bright- 

Eof  the  heavetiB  with  that  orb.  In  these  nees  and  aplendour,  and  likewise  their  itppi^ 
positions  Ihey  are  btyond  the  lun,  wbidi  ren/  dianttfert,  will  be  proportionably  greater 
ia  now  between  them  and  the  earth.  This  is  at  one  time  than  at  another.  Thia  corresponds 
called  their  ruperior  conjunclion.  Hem  it  a  with  every  day'a  ohaerration.  Thus  tbe  ap- 
evident  that  theee  two  planeta  must  appear  parent  diameter  of  Venuii  when  greatest,  is 
twice  in  conjonetion  with  the  sun,  in  each  fif^-eisht  seconds,  and  when  teaat,  about  ten 
revolution,  to  a  spectator  on  the  earth  at  £;  seconda ;  of  Man,  when  greatest  about  tw^n^- 
bnt  tbey  cen  never  appear  in  oppoiitim  to  G*e  aeconda,  and  when  least,  not  dbcvd  f<^ 
the  sun,  or,  in  other  woida,  they  can  never  be  or  five  seconds ;  so  that  ia  one  pait  <«'  Ut 
(370) 
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oiMt  lie  is  B:ve  ^xaea  nearer  to  the  earth  than  appeara  moet  brilliant,  exhibits,  in  leality,  the 

at  the  opposite  part,  and,  coDeequently,  ap-  form  of  a  crescent !    so  that  this  forimdabla 

pears    twenty-five    times  larger  in  surfiioe.  objection  to  the  truth  of  his  system  has  now 

Thus,  when  Mars  is  in  the  point  Gy  in  oppo-  become  one  of  the  strongest  and  most  palpable 

sition  to  the  sun,  he  is  the  whole  diameter  of  demonstrations  of  the  xeaUty  of  that  arrange- 

the  earth's  ortit,  or  190  millions  of  mil^  ment  which  has  placed  the  sun  in  the  centre, 

aeaier  ns  than  when  he  is  in  conjunction,  ki  and  set  the  earth  in  motion  between  Mars  and 

fbe  point  JB.    In  the  one  case  he  is  only  50  Venus. 

BsDioiis  of  miles  distant  firom  the  earth,  while       6.  All  the  i^anets  in  their  motions  are  seen 

in  the  other  he  is  no  less  than  240  millicms  of  sometimes  to  move  direct/  sometimes  retrth 

oolee ;  and  his  apparent  magnitude  varies  ao-  grade  /  and  at  other  times  to  remain  station' 

cording.  But,  aocoiding  to  the  system  which  aryt  without  any  apparent  motion:  in  other 

places  the  earth  in  the  centre,  die  apparent  woids,  in  one  part  a(  their  course  they  appear 

magnitode  of  Mars,  and  of  uU  the  other  to  move  to  the  east;  in  another  part  to  the 

phneCs,  should  always  be  equal,  in  whatever  westf  and  at  certain  points  of  their  orbit  they 

points  of  their  orbits  they  may  be  situated.  appear  fixed  for  some  time  in  the  same  posi- 

5.  When  the  planets  are  viewed  through  tion.    Thus,  Venus,  when  she  passes  firom 

good  telescopes,  they  appear  with  difierent  her  greatest  elongation  v^estward,  at  L,  to  her 

phases;  that  is,  with  difierent  parts  of  their  elongation  eastward,  at  D,  through  the  arch 

bodies  enhghlened.    Thus,  Mars  sometimes  L  C  K  F  A  D,  vnll  appear  direct  in  motion, 

appean  round,  or  with  a  fuU  enlightened  face ;  or  from  west  to  east;  but  as  she  passes  from 

and  at  other  times  he  presents  a  gibbous  2>  to  L,  through  the  arch  D  V  L,  she  wiQ 

phase,  like  that  of  the  moon  three  or  four  days  appear  retrograde,  or  as  if  she  were  moving 

befivre  the  fall.    Venus  presents  all  the  diSkr-  from  east  to  west    When  she  is  in  those 

ent  phases  of  the  moon,  appearing  sometimes  parts  of  her  orbit  most  distant  from  the  sun,  as 

with  a  gibbons  phase,  sometimes  like  a  half  at  D  and  L,  she  will  appear  for  some  time  sta- 

moon,  and  at  o&er  times  like  a  slender  ere-  ttonary,  because  the  tangent  line  or  visual  ray 

•cent.    Thus,  at  V,  her  daik  side  is  turned  (o  appears  to  coincide  for  some  time  with  the 

the  eaith,  and  she  is  consequently  invisible,  orbit  of  the  planet;  just  as  a  ship  at  a  great 

nnlesB  she  happens  to  pass  across  the  disk  of  distance,  when  moving  directly  towards  the 

the  sun,  when  she  appears  like  a  round  black  eye  in  the  line  of  vision,  appears  for  a  Uttle 

spot  on  the  sur&ce  of  that  luminary.    At  D  time  to  make  no  progreta.    All  these  apparent 

she  appears  like  a  creseent ;  at  A  like  a  half  diversities  of  motion  are  neeessary  results  of 

moon»  becanae  only  the  one  half  of  her  en-  the  Copemican  system,  and  they  oobidde 

lightened  side  is  turned  towards  the  earth ;  vrith  the  most  accurate  observations ;  but  they 

end  at  F  die  presents  a  gibbous  phase.  When  are  altogether  inexplicable  on  any  other  by- 

Copernicus  fhst  proposed  his  system,  it  was  pothesis. 

one  oi  the  strongest  objections  which  his  ad-       7.  The  planets  Mercury  and  Venus,  in 

versaries  brought  against  it,  and  by  which  their  superior  conjunctions  with  the  sun,  as  at 

they  supposed  they  had  completely  confuted  H  and  IT,  are  sometimes  hid  behind  the  sun's 

him ;  namely,  that  <*  if  his  hypothesLs  were  body ;   which  could  never  happen  on  the 

true,  Venus  and  Mercury  must  vary  their  Ptolemaic  hypothesis,  because  in  it  the  orbit 

phases  like  the  moon,  but  that  they  constantiy  of  the  sun  is  supposed  to  be  exterior  to  the 

appeared  ronnd."    Copernicus  at  once  admiu  orbits  of  these  two  planets, 
tedthatthese  consequences  were  justly  drawn;       8.  The  tiniee  in  which  these  conjunctions, 

and  he  attributed  the  cause  of  their  round  ap-  oppontions,  direct  and  i^etrograde  motions,  and 

peaiances  to  the  structure  of  our  eyes,  to  the  stationary  aspects  of  the  planets  happen,  are 

distance  of  the  objects,  and  to  those  radiating  not  such  as  tbey  would  be  if  the  earth  were 

crowns  which  hinder  us  from  judging  either  at  rest  in  its  orbit ;  but  predaely  such  if  the 

of  the  siie  or  the  exact  form  of  Uie  stars  and  earth  move,  and  all  the  other  planets  in  tiie 

planets ;  and  he  is  said  to  have  prophesied  periods  assigned  them.   Thus,  suppose  Venus 

that  one  day  or  other  these  various  phases  at  any  time  in  conjunction  vrith  the  sun  at  T; 

would  be  discovered ;  and  Uttie  more  than  half  were  the  earth  at  rest  in  E,  the  next  conjuno- 

a   century  intervened,  when   the  telescope  tion  of  the  same  kind  would  happen  again 

(which  was  unknown  in  the  time  of  Copemi-  when  Venus  had  made  just  one  revolution, 

eus),  in  the  hands  of  Galileo,  determined  to  a  that  is,  in  224  days.    But  this  is  contrary  to 

certainty  the  matter  in  dispute,  and  confirmed  experience ;  for  a  much  longer  time  is  found 

the  ptvdietion  of  that  eminent  astronomer,  to  intervene  between  two  conjunctions  of  the 

How  great,  may  we  suppose,  would  have  been  same  kind,  as  must  be  if  we  suppose  the  earth 

the  transport  of  that  illustrious  man  had  a  to  have  a  motion  in  the  same  direction.    For, 

teleaoope  been  put  into  his  hands,  and  had  he  when  Venus  comes  to  the  point  V,  the  earth 

Men,  as  we  now  do,  that  Venus,  when  she  will  have  passed  in  that  time  fimn  E  to  aoms 
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other  part  of  iU  orbit,  and  Irom  Ihii  part  ctill  Caarini,  and  publiriied  in  the  Memmra  of  iIh 
keeps  moriag  on  till  Veoa*  oYeiUluB  it,  and  Bojil  Academj  oT  Sciences.  Here  tbe  B»- 
get!  Bgua  between  it  and  the  nin.  Tlie  tion  of  tliis  [JuieC  ^tpeara  to  describe  a  CMM- 
period  whidi  Veniu  will  talie  before  ihe  over-  plicated  curve,  oi  a  eerie*  of  loopa  or  ipirala 
lakei  tbe  earth  and  come*  in  conjunction  with  running  into  each  other,  insteail  oT  a  regulw 
the  mn,  i*  foorkd  a*  foUowa :  The  dailj  mean  drcolar  motitm  in  an  orbit  -,  and  aueh  irrego- 
moUon  of  Ibe  eaith  ■■  fiAy-nine  minulea  eigfat  lai  curves  must  be  tbe  nal  motion  of  tha 
aecond*  (which  ia  (tie  nune  as  the  afipartnt  planet,  to  accoant  for  all  ita  appearancea,  if 
Bieao  nuHion  of  (he  aun),  and  the  daily  mean  the  earth  were  coniidcred  as  remaining  -fixed 
notian  cf  Venoa  ia  one  degree,  thiily'aii  in  the  centre  of  ita  motion.  On  each  aide  of 
minutes,  ei^t  aeconda.  The  difierence  of  the  loopa  in  the  G^re  it  appears  ilalimiary; 
these  mean  motion*  ia  thir^-aeien  minutes,  in  that  part  of  tbe  loop  next  the  earth  it  ap- 
ThereioTe,  m  37* ;  ia  to  tbe  number  of  mi-  pears  retrograde ;  and  in  all  tbe  rest  of  the 
nutat  in.  the  whole  drele  ot  360  degrees,  palh,  which  Kerns  to  stretch  far  away  from 
namely,  SIOOO*  i ;  ae  is  ime  day  •■  to  S68  days,  the  earth,  it  appears  direct,  till  its  couraa  again 
1 S  5-4  hours,  which  i*  tbe  time  between  two  appears  to  ran  into  a  loop.  I«l  the  readra  . 
eonjunctiaDa  of  the  some  kind,  or  one  year  trace  the  whole  of  the  carve  hare  delineated, 
aitd  a  tiUle  mors  than  aeven  month*,  whidi  ti  and  then  ask  IiimseU' whether  such  motionl 
aomewhat  more  than  two  and  a  half  revolu-  can  poasibly  he  real,  or  the  contrivancaa  of 
tions  of  Venua,  and  which  perfectly  agrcea  Infinite  Wiadom.  The  molioas  of  Venm^ 
with  the  most  accurate  obseriationa.  and  of  all  the  superior  planet*,  a*  seen  fron) 

Tn  du  last  place,  if  we  were  to  suppose  the  the  earth,  piewnt  amilar  curve*  and  anoma- 
earth  at  reat  in  tbe  centre  of  tbe  planetary  lies.  Now  it  is  a  fact,  that  when  the  earth  ia 
■yalem,  ihe  tnotioni  of  ailiht  plantlt  loould  considered  as  moving  round  the  n)n  in  a  year, 
praent  a  leau  of  inextricable  eonfutioa.  between  the  orbits  of  Venus  and  Mara,  all 
They  would  appear  so  irregular  and  anoma-  these  appaient  irregntarilies  are  eomplctel; 
looa  that  Do  rational  b^g  would  ever  sup-  accounted  for  by  the  combination  of  motions 
.pose  they  could  be  (be  contrivance*  of  an  produced  by  our  cmilinuBl  change  of  poailiaa, 
isU-wise  Bong,  poaseaoed  of  every  perfection,  in  conseqaenes  of  the  earth's  progress  in  its 
TliiswiU  appear  at  once  by  carting  theoy«  annual  oibit;  and  thus  the  movements  of  all 
om  Fig.  7|  which  represenls  the  apparent  mo>  ths  planets  are  reduced  to  periect  harmony 
tion  1^  the  planet  Mercury,  a*  seen  from  the   and  order. 

•arth,  from  die  year  170B  to  171fi,  as  origi-       Such  is  a  brief  summary  of  the  leading 
■sHj  daliiiea(<'d  by  the  celebrated  astronomsi   pri»&  which  may  he  Immght  forward  to  esta- 
blish tbe  iBct  of  the  annnal  tnotian  of  the  eaith 
Fig^  7.  lonnd  the  son.    They  all  converge  towards 

Ihe  same  point,  and  hang 
(ogetbor  tn  periect  hsnnony. 
It  is  next  (o  impossible  that 
such  a  combinatian  of  ar- 
guments could  be  Ibiind  (a 
prove  a  lalse  pontian.  When 
thoroughly   understood  and 
Cahidy  cfnuadend,  they  are 
calculated  to  produce  on  (he 
mind  of  every  unbiassed  in- 
I    qnirer  a*  strong  a  conviction 
l   of  tbe  point  in  qoestian,  a* 
Ij  if,  from  a  fixed  position  in 
a  the  heavens,  we  actually  be- 
'j  held  the  earth  and  all  its 
jj  popnlation  sweeping    along 
I   through  (he  etheiea]  apaoM 
f  with  the  velocity  of  aii^- 
ught  thoDsand  mile*  every 
hour.    These  arguments  are 
plain  and  easy  (a  be  under- 
stood if  the  least  attention 
be  tiestoned.    Meet  of  them 
require  nothing  more  than 
oaamton  obser     ' 
^^  other  wards,  cc 
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inanler  to  andontsnd  and  appreciate  them;  velocitj  of  more  than  1130  miles  in  the 

and  he  who  will  not  give  himself  the  troahle  same  space  of  time,  or  about  nine  times  that 

Co  weigh  them  with  attention  most  be  con*  velocity. 

tented  to  remain  in  ignorance.  I  have  stated  How  augost,  then,  and  overpowering  the 
tbem  with  more  particularity  than  is  generally  idea,  that  during  every  pulse  that  beats  within 
done  in  elementary  books  on  this  subject,  bo-  us  we  are  carried  nearly  twenty  miles  from 
cause  they  lie  at  the  foundation  of  astconomi-  that  portion  of  absolute  space  we  Occupied 
eal  science,  and  of  all  our  views  of  the  ampli*  before  I  that  during  the  seven  hours  we  re- 
tode  and"  order  of  the  universe :  and  because  pose  in  sleep,  we,  and  all  the  inhabitants  of 
many  profess  to  believe  in  the  motion  of  the  the  world,  are  transported  470,000  miles 
earth  merely  on  the  authority  of  others,  with-  through  the  depths  of  space ;  that  during  the 
out  examining  the  grounds  of  their  belief  and,  time  it  would  take  to  read  deliberately  from 
consequently,  are  never  fully  and  rationally  the  beginning  of  the  last  paragraph  to  the 
convinced  <k  the  important  position  to  which  present  sentence  we  have  been  carried  forward 
we  have  adverted.  with  the  earth's  motion  more  than  4600  mOes ; 
The  mo<ion  of  the  earth  presents  before  us  and  that,  in  the  course  of  the  few  minutes  we 
a  mott  sublime  end  august  Meet  of  contem-  spend  in  walking  a  mile,  we  are  conveyed 
plafion.  We  wonder  at  beholding  a  steam  through  a  portion  of  abeolute  space  to  the  ex- 
carnage,  with  all  its  apparatus  of  wagons  and  tent  of  more  than  18,000  miles.  Wliat  an 
passengers,  carried  iomard  on  a'  rtdlway  at  astonishing  idea  does  such  a  motion  convey 
the  rate  of  thirty  miles  an  hour,  or  a  balloon  of  the  eiteboixs  of  the  Almighty  Creator, 
sweeping'  through  the  atmosphere  with  a  velo-  especially  when  we  consider  that  thousands 
city  of  sixty  miles  in  the  same  time.  Our  of  ruling  worlds,  some  of  them  immensely 
admiration  would  be  raised  still  higher,  should  larger  than  our  globe,  are  impelled  with  simi- 
we  behold  Mount  Etna,  with  its  seventy  cities,  lar  velocities,  and  have,  for  many  centuries 
towns,  and  villages,  and  its  hundred  thousand  past,  been  running  without  intermission  their 
inhaUtants,  detached  from  its  foundations,  destined  rounds !  Here,  then,  we  have  a  mag- 
carried  alc^  through  the  air,  pouring  forth  nificent  scene  presented  to  view,  &r  more 
torrents  of  red-hot  lava,  and  impelled  to  the  wonderful  than  all  the  enchanted  palaces 
continent  of  America  in  the  space  of  half  an  rising  and  vanishing  at  the  stroke  of  the  ma- 
hour.  But  such  an  object,  grand  and  as-  gician*s  rod,  or  all  the  scenes  which  the 
tonishing  as  it  would  be,  could  convey  no  human  imagination  has  ever  created,  or  the 
adequate  idea  of  the  grandeur  of  such  a  body  tales  of  romance  have  recorded,  which  may 
as  the  earth  flying  through  the  voids  of  space  serve  to  occupy  our  mental  contemplation 
in  its  conrw  round  the  sun.  Mount  Etna,  in-  when  we  feel  ennui,  or  are  at  a  loss  for  sub- 
deed,  contains  a  mass  of  matter  equal  to  more  jects  of  amusement  or  reflection.  We  may 
than  800  cubical  miles,  but  the  earth  com-  view  in  imagination  this  ponderous  globe 
prises  an  extent  olS  more  that  263,000,000,000  on  which  we  reside,  with  all  its  load  of  c<»i- 
of  solid  miles,  and,  consequently,  is  more  than  tinents,  islands,  oceans,  and  its  millions  of 
three  hundred  millions  of  times  larger  than  population,  wheeling  its  course  through  the 
Etna,  and  of  a  much  greater  density.  The  heavens  at  a  rate  &[  motion,  every  day,  ex- 
comparative  rize  of  this  mountain  to  the  earth  ceeding  1,600,000  miles;  we  may  transport 
may  be  apprehended  by  conceiving  three  hun-  ourselves  to  distant  regions,  and  contemplate 
dred  millions  of  guineas  laid  in  a  straight  line,  globes  fer  more  magnificent,  moving  with 
which  would  extend  4700  miles,  or  from  Lon-  similar  or  even  greater  velocities ;  we  may 
don  to  the  equator  or  to  South  America.  The  wing  our  flight  to  the  starry  firmament,  where 
whole  line  of  guineas  throughout  this  yast  worlds  unnumbered  run  their  ample  rounds, 
extent  would  represent  the  bulk  of  the  earth,  where  suns  revolve  around  suns,  and  systems 
and  a  single  guinea,  which  is  only  about  an  around  systems,  around  the  throne  of  Uie 
inch  ui  extent,  woidd  represent  the  size  of  Eternal;  till, overpowered  with  the  immensity 
Etna  compared  with  that  of  the  earth.  Again :  of  space  and  motion,  we  fell  down  with  re- 
Etna,  in  moving  from  its  present  situation  to  verence,  and  worship  Hix  who  presides  over 
America  in  half  an  hour,  would  move  only  all  the  departments  of  universal  nature,  **  who 
at  the  rate  of  130  miles  in  a  minute ;  while  created  all  worlds,  and  for  whose  pleasofs 
the  earth  in  its  snnual  course  flies  with  m  tiiey  are  and  were  created." 
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CHAPTER  IIL 

On  the  IfagnUudetf  Motion^  and  other  Phenomena  cf  the  bodies  connected  wiik  thi 

Solar  System, 

Xv  die  elucidation  of  this  eobject  I  shall,  in  naked  eye,  and  pretty  frequently  with  a  tde- 

Ihe  first  {dace,  present  a  lew  fetches  of  the  scope.    With  a  magnifying  power  of  150 

magnitndea,  motions,  and  other  phenomena  times  I  have  seen  it  about  the  time  of  its 

of  the  primary  planets  belonging  to  the  solar  greatest  elongation,  more  than  half  an  hour 

system.    Thrae  planets,  as  formerly  stated,  after  sunrise,  when  it  appeared  IQce  a  small 

are,  Mercury,    Venus,  Mars,  Vesta,  Jnno,  brilliant  half  moon;  but  no  spots  could  be 

CSeres,  Pallas,  Jupiter,  Saturn,  and  Uranus,  discovered  upon  it    To  the  naked  eye,  when 

which  are  here  mentioned  in  the  order  of  their  it  is  placed  in  a  favourable  position,  it  appears 

distance  from  the  sun.  with  a  brilliant  white  light,  like  that  of  Venus, 

In  this  order  I  shall  proceed  to  give  a  few  but  much  smaller  and  leas  conspicuous.    The 

descriptions  of  the  principal  facts  which  have  best  mode  of  detecting  it  is  by  meana  of  an 

been  ascertained  respecting  each  planet.  equatorial  telescope,  which,  by  a  slight  calcu- 
lation and  the  help  of  an  ephemeris,  may  be 

I.  THS  PLANET  MRCuaT.  jj^^^^  ^  ^^  p^j^  p^j^^  ^  ^^^  henvenB 

This  planet  is  the  nearest  to  the  sun  of  any  where  it  is  sitnated.  The  most  &Yonrable 
that  have  yet  been  discovered,  although  a  seasons  of  the  year  for  observing  it  are  when 
apace  of  no  less  than  thirty-seven  millions  of  its  greatest  elongations  happen  in  the  month 
miles  intervene  between  Mercury  and  the  of  March  or  April,  and  in  August  or  Septem- 
oentral  luminary.  Within  this  immense  space  ber.  In  winter  it  is  not  easily  perceived,  on 
several  planets  may  revolve,  though  they  may  account  of  its  very  low  altitude  above  the 
never  be  detected  by  us,  on  account  of  their  horizon  at  sunrise  and  sunset ;  and  in  sum- 
proximity  to  the  sun.  To  an  inhabitant  of  mer,  the  long  twilight  prevents  our  perception 
Mercury,  such  planets,  if  any  exist,  may  be  of  any  small  object  in  the  heavens.  From  the 
%i  distinctly  visible  as  Venus  and  Me^ury  planets  Saturn  and  Uranus,  Mercury  would 
are  to  us ;  because  they  will  appear,  in  certain  be  altogether  invisible,  being  completely  im- 
parts of  their  course,  at  a  much  greater  elonga*  mersed  in  the  splendour  of  the  solar  rays ;  so 
tion  from  the  sun  than  they  can  to  us.  This  that  an  inhabitant  of  these  planets  Would 
planet,  on  account  of  its  moving  in  the  neigh-  never  know  that  such  a  body  existed  in  the 
bourhood  of  the  sun,  is  seldom  noticed  by  a  universe,  unless  he  should  happen  to  see  it 
common  observer.  It  is  only  to  be  seen  by  when  it  passed,  like  a  small  dark  point,  across 
the  naked  eye  about  the  period  of  its  greatest  the  disk  of  the  sun. 

elongation  firom  the  sun^  which  is  sometimes  Mercuxy  revolves  around  the  sun  in  the 

only  about  16^  or  17^,  and  never  exceeds  space  of  eighty-seven  days  twenty-three  hours, 

S9^.  These  elongations  happen,  at  an  average,  which  is  the  length  of  its  year;  but  the  time 

about  six  or  seven  times  every  year;  about  from  one  conjunction  to  the  same  conjunction 

three  times  when  the  planet  is  eastward  of  again  is  about  116  days;  for  as  the  earth  has 

the  sun,  and  three  times  when  it  is  to  the  moved  about  a  fourth  part  of  its  revolution 

westward.    This  planet,  therefore,  can  nnly  during  this  period,  it  requires  nearly  thirty 

be  seen  by  &e  unassisted  eye  for  a  few  days  days  for  Mercury  to  overtake  it,  so  as  to  be  in 

about  these  periodsi,  either  in  the  morning  a  a  line  with  the  sun.    During  this  period  of 

little  before  sunrise,  or  in  the  evenings  a  little  about  1 16  days  it  passes  Uirough  all  the 

after  sunset    As  it  is  sometimes  not  above  phases  of  the  moon,  sometimes  presenting  a 

16^,  even  at  its  greatest  elongation,  from  tiie  gibbous  phase,  sometimes  that  of  a  half  moon, 

point  of  sunrise  or  sunset,  and  is  likewise  and  at  other  times  the  form  of  a  crescent; 
very  near  the  horizon,  it  is  sometimes  very  ^which  phases  and  other  particulars  will  be 

diflicult  to  distinguish  it  by  the  naked  eye,  more  particularly  explained  in  the  description 

and  at  all  other  times  it  is  generally  imper-  I  shall  give  of  Uie  planet  Venus.    Mercury, 

ceptible  without  a  telescope.    It  is  said  that  at  different  times,  makes  a  transit  across  Mie 

the  celebrated  astronomer  Copernicus   had  sun's  disk;  and  as  its  dark  side  is  then  turned 

never  an  opportunity  of  seeing  this  planet  to  the  earth,  it  will  appear  like  a  round  spot 

during  the  whole  course  of  his  life.    I  have  upon  the  fiioe  of  the  sun ;  and  when  it  passes 

seen  Mercury  three  or  four  times  with  the  near  the  oentre  of  the  sun  it  will  appear  for 
(374) 
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ihe  ipioe  of  from  five  to  setexi  hoars  on  the  the  horns  or  cusps  of  this  planet,  when  it  ap> 

mafux  of  that  orh.    Its  last  transit  happened  peared  of  a  crescent  form,  he  fi>und  the  period 

an  the  7th  of  November,  1835,  which  was  of  ita  diurnal  rotation  round  its  axis  to  be 

visible  in  the  United  States  of  America,  but  twenty-four  hours,  five  minutes,  and  twenty- 

not  in  Britain,  as  the  sun  was  set  before  its  eight  seconds.    But  these  deductions  require 

oommencement    The  next  transits,  to  the  stUl  to  be  confirmed  by  future  observations, 

end  of  the  present  centuxj^  are  as  follow :  The  light  or  the  intensity  of  solar  radiation 

which  &lls  on  this  planet  is  neariy  seven  times 

hours,  minutes.  greater  than  that  which  falls  upon  the  earth  ; 

1845,  May  8th  .«.....«.  7  54  p.x.  for  the  proportion  of  their  distances  from  the 

1848,  November  9th ..  1  38  vjt.  sun  is  nearly  as  three  to  eight,  and  the  quan- 

1861,  November  12th  7  20  p.x.  tity  of  light  difiused  from  a  luminous  body  is 

1868,  November  5th ..  6  44  i..x.  as  the  square  <ff  the  distance  from  that  body. 

1 878,  May  6th ,  6  38  r.u.  The  square  of  3  is  9,  and  the  square  of  8, 64, 

1881,  November  8th ..  0  40  a.m.  which,  divided  by  9,  produces  a  quotient  of  7 

.    1891,  May  10th  «....»,  3  45  a.x.  1-9,  which  nearly  expresses  the  intensity  of 

1894,  November  10th  6  17  p.x.  '  light  on  Mercury  compared  with  that  on  the 

earth.  Or,  more  accurately,  thus :  Mercury 
The  time  stated  in  the  above  table  is  the  is  36,880,000  of  miles  from  die  sun,  tiie  square 
mean  time  of  conjunction  at  Greenwich,  or  of  which  is  1,360,134,400,000,000 :  the  earth 
nearly  the  middle  of  the  transit ;  so  that,  in  ia  distant  95,000,000,  the  square  of  which 
whatever  part  of  the  world  the  sun  is  risen  at  is  9,025,000,000,000,000.  Divide  this  last- 
that  time,  the  transit  will  be  visiUe  if  no  clouds  square  by  the  first,  and  the  quotient  is  about 
interpose.  The  next  two  transits,  in  ^45  6f  ,  which  is  very  nearly  the  proportion  of 
and  1848,  will  be  pertly  visible  in  Britain.  light  on  this  planet  As  the  apparent  dian^e- 
Pew  diaeoveriee  have  been  made  on  the  ter  of  the  sun  is  likewise  in  proportion  to  the 
sojhce  of  this  planet  by  means  of  the  tele-  square  of  the  distance,  the  inhabitants  of  this 
scope,  owing  to  the  daizHng  splendour  of  its  planet  will  behold  in  their  sky  a  luminous  orb, 
rayi,  whidi  prevents  the  telescope  from  pre-  giving  light  by  day,  nearly  seven  times  larger 
senting  a  well  defined  image  of  its  disk ;  than  the  sun  appears  to  us ;  and  every  object 
owing,  likewise,  to  the  short  interval  during  on  its  surface  will  be  illuminated  with  a  bril- 
which  observations  can  be  made,  and  particu-  '  liancy  seven  times  greater  than  are  the  objects 
larly  to  its  proximity  to  the  horizon,  and  the  around  us  in  a  fine  summer's  day.  Such  a 
undulating  vapoun  through  which  it  is  then  brilliancy  of  lustre  on  every  object  would  corn- 
viewed.  That  unwearied  observer  of  the  pletely  dazzle  our  eyes  in  their  present  state 
heavens,  Sir  Wilfiam  Herschel,  although  he  of  organization ;  but  in  every  such  case  we 
frequently  viewed  this  planet  with  magnifying  are  bound  to  believe  that  the  organs  of  vision 
powers  of  200  and  300  times,  could  perceive  of  the  inhabitants  of  any  world  are  exactly 
DO  spots  or  any  other  phenomenon  on  its  disk  adapted  to  the  sphere  they  occupy  in  the  sys- 
from  which  any  conclusions  could  be  deduced  tem  to  which  they  belong.  Were  we  trans- 
respecting  its  peculiar  constitution  or  the  ported  to  such  a  luminous  world  as  Mercury, 
period  of  ita  rotation.  Mr.  Schroeter,  an  emi-  we  could  perceive  every  object  with  the  same 
nent  German  astronomer,  however,  appears  ease  and  distinctness  we  now  do,  provided  the 
to  have  been  more  successful.  This  gentle-  pupil  of  the  eye.  Instead  of  being  one  eighth 
man  has  long  been  a  careful  observer  of  the  of  an  inch  in  diameter,  as  it  now  is,  were  con- 
phenomena  of  the  planetary  system,  by  means  tracted  to  the  size  of  one  fiftieth  of  an  inch, 
of  telescopes  of  considerable  size,  and  has  con-  In  consequence  of  the  splendour  which  is  re- 
tributed not  a  few  interesting  facts  to  astrono-  fiected  from  every  object  on  this  planet,  it  is 
mical  science. .  He  assures  us  that  he  has  likely  that  the  whole  scenery  of  nature  will 
seen  not  only  spots,  but  even  mountains  on  assume  a  most  glorious  and  magnificent  a»- 
the  sur£u:e  of  Mercury,  and  that  he  succeeded  pect,  and  that  the  colours  depicted  on  the  va- 
in ascertaining  the  altitude  of  two  of  these  nous  parts  of  the  scenery  of  that  world  will 
mountains.  One  of  them  he  found  to  be  little  be  much  more  vivid  and  splendid  than  they 
more  than  1000  toises  in  height,  or  about  an  appear  on  the  scenery  of  our  terrestrial  man- 
English  mile  and  372  yards.  The  other  mea-  sion ;  and  since  it  appears  highly  probable 
sured  8900  toises,  or  ten  miles  and  137^  that  there  are  elevated  mountains  on  this 
yards,  which  is  more  than  four  times  higher  planet,  if  they  be  adorned  with  a  diversity  of 
than  Mount  Etna  or  the  Peak  of  Ten^iffis.  colour,  and  of  rural  and  artificial  objects,  they 
The  highest  mountains  are  said  to  be  situated  must  present  to  the  beholder  a  most  beautiful, 
in  the  southern  hemisphere  of  this  planet  magiuficent,  and  sublime  appearance.  The 
The  same  observer  informs  us,  that,  by  exam-  following  figures  will  present  to  the  eye  a 
ining  the  variation  in  the  daily  appearance  of  comparative  view  of  the  apparent  size  of  the 
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sun,  88  bebeld  from  Mercury  and  from  tbe  the  top  of  the  highest  range  of  the  Andes,  m 

etitb.  South  America,  there  is  an  intense  cold  at  all 

Fig.  8.  times,  and  their  summits  are  covered  with  per^ 

2     ^^g_pppimj^m_||||^im  petual  snows,  while  in  the  plains  immodiatelj 

I     ^^^^r^       ^^^^^^^^^^1     K*  adjacent  the  inhabitants  feel  all  the  effects  of 

v^  I  the  scorching  rays  of  a  tropical  sun.  The  sun, 
during  our  summer  in  the  northern  hemi- 
sphere, is  more  than  three  millions  fA  miles 

^  ^  further  from  us  tiian  in  winter ;  and  although 

1^  to  the  obliquity  of  his  rays  is  partly  the  cause  of 

^  »  the  cold  felt  in  winter  when  he  is  nearest  us, 

^^^                        ^^^^^^^^  *  ?  yet  it  is  not  the  only  cauM ;  for  we  find  thai 

J     ^^^^^        ^^^^^^^^^H     I  the  cold  in  New  York  and  Pennsylvania  is 

■BiJJlHfeMHitfiBil^l^HHH  more  intense  in  winter  than  in  Scotland,  al* 
While  the  intensity  of  the  solar  light  on  though  the  sun  rises  from  ten  to  sixteen  de- 
this  planet  is  about  seven  times  greater  than  grees  higher  above  the  horizon  in  the  former 
on  the  earth,  the  light  on  the  sur&ce  of  Ura-  case  than  in  the  latter.  Besides,  we  find  that 
nus,  the  mo^  distant  planet  of  the  system,  is  the  heat  of  stunmer  in  the  southern  hemi- 
360  times  less  than  that  on  the  earth ;  for  the  sphere,  \johen  the  sun  U  nearest  to  (he  earth,  is 
square  oE  the  earth's  distance,  as  formerly  not  so  great  as  in  the  summer  of  oorrespond« 
stated,  is  9,025,000,000,000,000,  and  the  ing  latitudes  in  the  northern  hemisphere.  In 
square  of  the  distance  of  Uranus  from  the  short,  did  heat  depend  chiefly  on  the  nearness 
sun,  1,800,000,000,  of  miles,  is  3,240,000,-  of  the  son  or  the  obliquity  of  his  rays,  we 
000,0(k),000,000,  which,  divided  by  the  for*  should  always  have  the  same  degree  of  heat 
mer  number,  gives  a  quotient  of  359  and  a  or  cold  at  the  same  time  of  the  year,  in  a  uni- 
fraction,  or,  in  round  numbers,  360 ;  the  num-  form  circle ;  which  experience  proves  to  be 
ber  of  times  that  the  light  on  the  earth  ex-  contrary  to  fact  The  degree  of  heat,  there- 
ceeds  that  on  Uranus.  Yet  wo  find  that  the  fore,  on  any  planet,  and  on  di^rent  portions 
light  reflected  from  that  distant  planet,  after  of  the  same  planet,  must  depend  in  part,  and 
passing  1,800,000,000  of  miles  from  the  body  perhaps  chiefly,  on  the  nature  of  the  atmo- 
of  the  sun,  and  returning  again  by  reflection  sphere,  and  other  circumstances  connected  with 
1,700,000,000  of  miles  to  the  earth,  is  visible  the  constitution  of  the  planet,  in  combination 
through  our  telescopes,  and  even  sometimes  with  the  influence  of  ^e  solar  rays.  These 
to  the  naked  eye.  Thus  it  appears  that  the  rays  undoubtedly  produce  heat,  but  the  degree 
intensity  of  light  at.  the  two  extremes  of  the  of  its  intensity  will  depend  on  the  nature  of 
solar  system  is  in  the  proportion  of  2400  to  the  substances  on  which  they  fidi ;  as  we  find 
1 ;  for  360x6^=^00,  the  number  of  times  that  the  same  degree  of  sensible  heat  is  not 
that  the  quantity  of  light  on  Mercury  exceeds  felt  when  they  faU  on  a  piece  of  iron  or  marblle 
that  on  Uranus.  But  we  may  rest  assured,  as  when  they  fall  on  a  piece  of  wood  or  flannel, 
from  what  we  know  of  the  plans  of  Divine  Mercury  was  long  considered  as  the  sma3l- 
wisdom,  that  the  eyes  of  organic  intelligence,  est  primary  planet  in  the  system ;  bnt  tbe  four 
both  at  the  extremes  and  in  all  the  interme-  new  planets  lately  discovered  between  the  or- 
diate  spaces  of  the  system,  are  exactiy  adapted  bits  of  Mars  and  Jupiter  are  found  to  be 
to  the  sphere  they  occupy  and  the  quantity  smaller.  Its  diameter  is  estimated  at  3200 
of  light  they  receive  firom  the  central  luminary,  miles,  and,  conaequently,  its  surface  contains 
In  regard  to  the  temperature  of  Mercury,  above  32,000,000  of  square  miles,  and  its 
if  the  Intensity  of  heat  were  supposed  to  be  solid  contents  are  17,157,324,800,  or  mora 
governed  by  the  same  law  as  the  intensity  of  than  seventeen  thousand  millions  of  solid 
light,  the  heat  in  this  planet  would,  of  course,  miles;  and  if  the  number  of  solid  miles  con- 
be  nearly  seven  times  greater  than  on  the  taincd  in  the  earth,  which  are  264,000,000,000, 
earth.  Supposuig  the  average  temperature  be  divided  by  this  sum,  the  quotient  will  be 
of  our  globe  to  be  fifty  degrees  of  Fahren-  somewhat  more  than  fifteen,  lowing  that  the 
belt's  thermometer,  the  average  temperature  earth  is  above  fifteen  times  larger  than 
on  Mercury  would  be  333  degrees,  or  121  de-  Mercury.  Notwithstanding  the  comparatively 
grees  above  the  heat  of  boiling  water ;  a  de-  ^diminutive  size  of  this  planet,  it  is  capable 
grceof  heat  sufficient  to  melt  sulphur,  to  make  of  containing  a  population  upon  its  sur&ce 
nitrous  add  boil,  and  to  dissipate  into  vapour  much  greater  than  hss  ever  been  supported 
every  volatile  compound.  But  we  have  no  on  the  surftce  of  the  earth  during  any  pe- 
reason  to  conclude  that  the  degree  of  sensible  nod  of  its  history.  In  making  an  estimate 
beat  on  any  planet  is  in  an  inverse  proportion  on  this  point,  I  shall  take  the  population  of 
to  its  distance  firom  the  sun..  We  have  in-  England  as  a  standard.  £n^and  contains 
stances  of  the  contrary  on  our  own  globe.  On  60,000  square  miles  of  sur&oe,  and  14,000,000 
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«f  inhabitantK,  which  is  280  inhabitants  for  the  sun,  as  a  stone  when  thrown  upward  faJlt 

every  square  mile.    The  snr&ce  of  Mercury  to  the  ground,  by  the  force  of  gravity,  with  a 

contains  32,000,000  of  square  miles,  whidi  is  velocity  continually  increasing  as  the  square 

not  much  less  than  all  the  habitable  parts  of  of  the  distance  from  the  sun  diminished.  The 

our  globe.    At  the  rate  of  population  now  time  in  which  Mercury  or  any  other  planet 

stated,  it  is  sufficiently  ample  to  contain  8,960,  Would  fiiU  to  the  sun  by  the  centripetal  force, 

000,000,  or  eight  thousand  nine  hundred  and  or  the  sun's  attraction,  is  equal  to  its  periodic 

sixty  millions  of  inhabitants,  which  is  more  time  divided  by  the  square  root  of  thirty-two ; 

than  eleven  times  the  present  population  of  a  principle  deduced  from  physical  and  mathe- 

our  globe     And  although  the  one  half  of  the  matical  investigation.    Mercury  would  tbere- 

sur&ce  of  this  planet  were  to  be  considered  as  fore  fall  to  the  sun  in  16  days,  13  hours ; 

covered  with  v^ater,  it  would  still  contain  Venus  in  39  days,  17  hours ;  the  earth  in  64 

nearly  six  times  the  population  of  the  earth,  days,  13  hours ;  Mars  in  121  days,  10  houn; 

Hence  it  appears,  that  small  as  this  planet  Vesta  in  205  days;  Geres  in  297  days,  6 

may  be  cobsidered  when  compared  with  others,  hours ;  Pallas  in  301  days,  4  hours ;  Juno  in 

and  seldom  as  it  is  noticed  by  the  vulgar  eye,  854  days,  19  hours ;  Jupiter  in  765  days,  19 

it  in  al^  probability  holds  a  hx  more  distin-  hours,  or  above  two  years;  Saturn  in   1901 

gutahed  rank  in  ttie  intellectual  and  social  days,  or  about  five  years ;  Uranus  in  6425 

system  nnder  the  moral  government  of  Grod,  days,  or  nearly  fifteen  years ;  and  the  Moon 

iiian  this  terrestial  world  of  which  we  are  so  would  fall  to  the  earth,  were  its  centrifugal 

proud,  and  all  the  living  beings  which  traverse  force  destroyed,  in  4  days,  20  hours.     Some 

its  sorfiice.  of  the  deductions  stated  above  may  be  apt  to 

I  shaQ  only  mention  further  the  following  startle  some  readers  as  beyond  the  powers  of 

particalars  in  reference  to  this  planet    In  its  limited  intellects,  and   above  the  range  of 

revolutiim  round  the  sun,  its  motion  is  swifter  human    investigation.    The    discoveries    of 

than  that  of  any  other  planet  yet  discovered ;  Newton,  however,  have  now  taught  us  the 

it  is  no  less  than  at  the  rate  of  109,800  miles  laws  by  which  these  bodies  act  upon  one  an- 

eveiy  hoar  at  an  average,  although  in  some  other ;  and  as  the  efiects  they  produce  depend 

ports  of  its  course  it  is  slower,  and  in  other  very  nrnch  upon  the  quantities  of  matter  they 

parts  swifter,  since  it  moves  in  an  elliptical  contain,  by  observing  &ese  efiects  we  are 

orbit    Of  course  it  flies   1830  miles  every  able,  by  the  aid  of  mathematical  reasoning,  to 

mmote,  and  more  than  thirty  miles  during  determine  the  quantities  of  matter  in  most 

every  beat  of  our  pulse.    The  density  of  this  of  the  planets  with  considerable  certainty. 

planet  is  fonnd  by  certain  physical  calcula-  But  to  enter  on  the  demonstration  of  such 

tions  and  investigations,  founded  on  the  laws  points  would  require  a  considerable  share  of 

of  universal    gravitation  to  be  nine   times  attention  and  of  mathematictd  knowledge,  and 

that  of  water,  or  equal  to  that  of  lead ;   so  would  probably  prove  tedious  and  uninterest- 

tbat  a  ball  of  lead  3200  miles  in  diameter  ing  to  the  general  reader, 

would  exactly   poise    the    planet   Mercury.  Mercury  revolves  in  an  orbit  which  is  ellip< 

This  density  is  greater  than  that  of  any  of  the  tical,  and  more  eccentric  than  the  orbits  of 

other  planets,  and  nearly  twic«  the  density  of  most  of  the  other  planets,  except  Juno,  Ceres, 

the  earth.    The  nuus  of  this  planet,  or  the  and  Pallas.    Its  eccentricity,  or  the  distance 

quantity  of  matter  it  contains,  when  compared  of  the  sun  from  the  centre  of  its  orbit,  is  above 

with  the  mass  of  the  sun,  is,  according  to  La*  7,000,000  of  miles.    The  time  between  its 

Place,  as  1  to  2,025,810,  or  about  the  two  greatest  elongations  fitim  the  sun  varies  from 

nultionth  part;  that  is,  it  would  require  two  106  to  130  days.    Its  orbit  is  inclined  to  the 

millions  d  globes  of  the  size  and  density  of  ecliptic  or  the  plane  of  the  earth's  orbit,  in  an 

Mercury  to  weigh  one  of  the  size  and  densi^  angle  of  seven  degrees,  which  is  more  than 

of  the  sun.    But  as  Mercury  contains  a  much  double  the  inclination  of  the  orbit  of  Venus, 
greater  quantity  of  matter  in  the  same  bulk 

than  the  sun,  in  point  of  size  it  would  require  ii.  of  the  plakit  tekttb. 
22,000,000  of  globes  of  the  bulk  of  Mercury 

to  compose  a  body  equal  to  that  of  the  sun.  Of  all  the  luminaries  of  heaven,  the  sun 

tn  consequence  of  the  great  density  of  this  and  moon  excepted,  the  planet, Venus  is  the 

planet,  bodies  will  have  a  greater  weight  on  •  most  conspicuous  and  splendid.    She  appean 

its  surface  than  on  the  earth.    It  has  been  like  a  brilliant  lamp  amid  the  lesser  orbs  of 

computed,  that  a  body  weighing  one  pound  night,  and  alternately  anticipates  the  morning 

on  the  earth's  surface  would  weigh  one  pound  dawn  and  ushers  in  the  evening  twilight 

eight  and  a  half  drachms  on  the  surface  of  When  she  is  to-  the  westward  of  the  sun,  in 

Mercury.    If  the  centrifugal    force  of  this  winter,  she  cheere  our  mornings  with  her  vivid 

planet  were  suspended,  and  its  motion  in  a  light,  and  is  a  prelude  of  the  near  approach 

circular  course  stopped,  it  would  fail  towards  of  the  break  of  day  and  the  rising  sun.  When 
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■he  is  eastward  of  that  luminary,  her  light 
bursts  upon  us  after  auosety  before  any  of  the 
other  twinkling  orbs  of  heaven  make  Uieir  ap- 
pearance ;  and  she  discharges,  in  some  meap 
sure,  the  functions  of  the  absent  moon.  Ttie 
brilliancy  of  this  planet  has  been  noticed  in 
all  ages,  and  has  been  frequeotly  the  subject 
of  description  and  admiration  both  by  shep- 
heids  and  by  poets.  The  Greek  poets  distin- 
guished it  by  the  name  of  Phoaphor  when  it 
rose  before  the  sun,  and  Hesperus  when  it  ap- 
peared in  the  evening  after  the  sun  retired ; 
and  it  is  now  generally  distinguished  by  the 
name  of  the  Morning  and  Evening  Star. 

**  Next  Mercury,  VeniM  rona  ber  larger  round. 
With  softer  beams  and  milder  glory  crowD*d ; 
Friend  to  mankind*  the  gllttere  from  afar. 
Now  tbe  bright  nminry  now  the  morning  star. 
From  realms  remote  she  darts  ber  pleasing  ray. 
Now  leading  on«  now  closing  up  the  day ; 
Term'd  PhotpkT  when  htt*.moming  beam*  aha 

yields. 
And  He*p*nu  when  her  ray  the  •veHing  gilds.*' 

Before  proceeding  to  a  more  particular  d^ 
■eription  of  this  planet,  X  shall  lay  before  the 
reader  a  brief  explanation  of  the  nature  of  the 
planetaiy  orbits,  as  I  may  have  occasion  to 
refisr  to  oertain  particulars  connected  with 
them  in  the  following  descriptions.  All  the 
planets  and  their  satellites  move  in  elliptical 
orbits,  more  or  less  eccentric  The  following 
figure  exhibits  the  form  of  these  orbits. 

Fig.  9. 


The  figure  AD  B  E  represents  the  form 
of  a  planetary  orbit,  which  is  that  of  an  oval  or 
ellipse.  Tbe  longest  diameter  is  ^  ^ ;  the 
shorter  diameter  I)  E*  The  two  ];K>iots  JP*  and 
G  are  called  the  fod  of  the  ellipse,  around 
which,  as  two  central  points,  the  ellipse  is 
formed.  The  sun  is  not  placed  in  C,  the 
centre  of  the  orbit,  but  at  F,  one  of  the  foci 
of  the  ellipse.  When  the  planet,  therefore,  is 
at  j4,  it  is  nearest  the  imn,  and  is  said  to  be 
in  its  perikeUon  ,•  its  distance  from  the  sun 
gradually  increases  till  it  reaches  the  opposite 
point,  Bf  when  it  is  at  its  greatest  distance 
from  the  son,  and  is  said  to  be  in  its  cmhelion  / 
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when  it  arrives  at  the  points  2)  and  i?  of  kt 
orbit,  it  is  said  to  be  at  the  mean  distance. 
Tbe  hne  A  B,  which  joins  the  perihelion  and 
aphelion,  is  called  the  line  of  the  apsidesy  and 
abo  the  greater  axis  or  tbe  transverse  axis  of 
the  orbit ;  D  £  is  the  lesser  or  eoiyttgaie  axis ; 
F  D,  the  mean  distance  of  the  planet  from 
the  sun ;  F  C,  or  G  C,  the  eccentricity  of  the 
orbit,  or  the  distance  of  the  sun  from  its 
centre ;  F  is  the  lower  foots,  or  that  in  which 
die  sun  is  placed ;  G  the  higher  focus  ;  A  the 
bwer  apsiSf  and  B  the  mgher  apsis.  The 
orbits  of  some  of  tbe  planets  are  more  ellipti- 
cal than  others.  The  eccentricity  of  the  orbit 
of  Mercury  is  above  7,000,000  miles ;  that  \a, 
the  distance  from  the  point  F,  where  the  sun 
is  placed,  \b  the  centre,  C,  mea;^res  that 
number  of  miles ;  while  the  eccentricity  of 
Venus  is  only  about  490,000  miles,  or  less 
than  half  a  million.  Most  of  the  planetary 
orbits,  except  those  of  some  of  the  new  planets^ 
approach  very  nearly  to  the  circular  form. 

The  orbits  of  the  difierent  planets  do  not  all 
lie  in  the  same  plane,  as  they  appear  to  do  m 
orreries  and  in  the  representations  generally 
given  of  the  solar  system.  If  we  suppose  a 
plane  to  pass  through  the  earth's  orbit,  and  to 
be  extended  tn  every  direction,  it  will  trace  a 
line  in  the  starry  heavens  whidii  is  called  the 
ecliptic,  and  the  plane  itself  is  called  the  plane 
of  the  ecUptic  The  orbits  of  all  the  other 
planets  do  not  lie  in  this  plane,  one  half  of 
each  orbit  rising  above  it,  while  the  other 
half  falls  below  it  This  may  be  illustrated 
by  supposing  a  large  bowl  or  concave  vessel 
to  be  nearly  filled  with  water ;  the  surface  <^ 
the  water  will  trace  a  circular  line  round  the 
inner  surface  of  the  bow),  which  may  repre* 
sent  the  ecliptic,  while  the  sur&ce  of  the 
water  itself  is  the  plane  of  the  ecliptic,  and 
the  bowl  is  tbe  one  half  of  the  concave  sky. 
If  we  now  immerse  in  the  bowl  a  large  circular 
ring  obliquely,  so  that  one  half  of  it  is  above 
the  surface  of  the  water  and  the  other  half 
below,  this  ring  will  represent  the  orbit  of  a 
planet  inclined  to  tbe  ecUptic  or  to  the  fluid 
surface ;  or  if  we  take  two  large  rings  or  hoops 
of  nearly  equal  size,  and  place  the  one  witbin 
the  other  obliquely,  so  that  the  half  of  the  one 
hoop  may  be  above,  and  the  opposite  half 
below  the  other  hoop,  it  will  convey  an  idea 
of  the  inclination  of  a  planet's  orbit  to  the 
plane  of  the  ecliptic  Thus,  if  the  circle  E  F 
G  H  (Fig.  10)  represent  the  plane  of  the 
earth's  orbit  or  the  ecliptic,  the  circle  ABC 
D  may  represent  tbe  orbit  of  a  planet  which 
is  inclined  to  it ;  the  semicircle  JABK being 
below  the  level  of  the  ecliptic,  and  the  other 
half  or  semicircle  being  above  it  The  points 
of  intersection  at  7  and  K,  where  the  cirdea 
cut  one  another,  are  called  the  nodes.  If  the 
planet  ia  moving  in  the  direction  AID,  the 
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paint  /,  wime  it  aaoeods  above  the  plane,  is 
eaOed  the  aacending  node,  and  the  oppoaite 

Tig.  10. 


point,  K,  die  dmcending  node.  The  line  /  JC, 
which  joins  the  nodes,  is  called  the  line  of  the 
nodeSf  which,  in  the  diifibrent  planetary  orbits, 
points  to  difibrent  parts  of  the  heavens.  It  is 
when  Mercury  and  Venus  are  at  or  near  the 
line  oi  the  nodes  that  they  appear  to  make  a 
tranot  across  the  son's  disk!  The  moon's 
orbit  b  inclined  to  the  plane  of  the  earth's 
orbit  in  an  anjg^le  of  about  five  degrees;  and  it 
is  only  when  the  iiill  moon  or  change  happens 
at  or  near  the  nodes  that  an  eclipse  can  take 
place,  because  the  sun,  uhmmi,  luid  earth  are 
then  nearly  in  the  same  plane;  at  all  other 
times  of  full  or  change,  tiie  riiadow  of  the 
moon  &II0  either  above  or  below  the  earth, 
and  the  shadow  of  the  earth  either  above  or 
below  the  moon.  The  ecliptic  is  supposed  to 
be  divided  into  twelve  signs,  or  360  degrees, 
which  have  received  the  ibilowing  names : — 
ArieSf  TbunM,  Gemini^  Cancer,  Leo,  Virgo, 
Idbra,  Scorpio,  SagUtariue,  Caprieomus, 
Aquarius,  Pisces.  £ach  of  these  signs  is 
divided  into  thirty  equal  parts,  called  degrees  / 
each  degree  into  sixty  parts,  or  minutes ;  each 
minute  into  sixty  parts,  or  seconds,  dec. 

Having  stated  the  above  definitions,  which 
it  may  be  useful  to  keep  in  mind  in  our  fur- 
ther discussions,  I  shall  proceed  to  a  particular 
description  of  the  motions  and  other  pheno- 
mena of  Venus. 

General  Appearances  and  apparent  Mo- 
turns  of  Venus4 — This  planet,  as  already  no- 
ticed, is  only  seen  for  a  short  time,  either  after 
■onset  in  the  evening,  or  in  the  morning 
before  sunrise.  It  has  been  frequently  seen 
by  means  of  the  telescope,  and  sometimes  by 
the  naked  eye,  at  noonday,  but  it  was  never 
seen  at  midnight,  as  all  the  other  planets  may 
be,  with  the  exception  of  Mercury.  It  never 
cppraiB  to  recede  further  from  the  sun  than 


forty-seven  degrees,  or  about  half  the  distande 
from  the  horizon  to  the  zenith.  Of  course,  it 
was  never  seen  rising  in  the  east  or  even 
shining  in  the  south  after  the  sun  had  set  in 
the  west,  as  happens  in  regard  to  all  the 
o^er  heavenly  bodies,  with  the  exception 
now  stated. 

When  this  planet,  after  emerging  from  the 
solar  rays,  is  first  seen  in  the  evening,  it 
appears  very  near  the  horizon  about  twenty 
minntes  alter  sunset,  and  continues  visible 
only  for  a  very  short  time,  and  descends 
below  the  horizon  not  fiur  from  the  point 
where  the  sun  went  down.  Every  succeeding 
day  its  apparent  distance  firom  the  sun  in- 
creases; it  rises  to  a  higher  elevation,  and 
continues  a  longer  time  above  the  horizon. 
Thus  it  ^peara  to  move  gradnally  eastward 
fi'om  the  sun  for  foiu  or  five  months,  tHI  it 
arrives  at  the  point  of  its  greatest  elongation, 
which,  seldom  exceeds  for^-seven  degrees, 
when  it  appears  for  some  time  stationary; 
after  which  it  appears  to  commence  a  retro- 
grade motion  firom  east  to  west,  but  with  a 
much  greater  degree  of  apparent  velocity; 
approaching  every  day  nearer  the  sun,  and 
continuing  a  shorter  time  above  the  horizon, 
till,  in  the  course  of  two  or  three  weeks,  it 
appears  lost  in  the  splendour  of  the  solar  rays, 
and  is  no  longer  ^een  in  the  evening  sky  till 
more  than  nine  or  ten  months  have  elapsed. 
About  eight^or  ten  days  after  it  has  disappeared 
in  the  evening,  if  we  look  at  the  eastern  sky  in 
the  morning,  a  little  before  sunrise,  we  shall 
see  a  bright  star  very  near  the  horizon,  which 
was  not  previously  to  be  seen  in  that  quarter ; 
this  is  the  planet  Venus,  which  has  passed 
its  inferior  conjunction  with  the  sun,  and  has 
now  moved  to  the  westward  of  him,  to  make 
its  appearance  as  the  morning  star«  It  now 
appears  every  succeeding  day  to  move  pretty 
rapidly  from  the  sun  to  the  westward,  till  it 
arrives  at  the  point  of  its  greatest  elongation, 
between  45^  and  48^  distant  from  the  sun, 
when  it  again  appears  stationary;  and  then 
returns  eastward,  with  an  apparently  slow 
motion,  till  it  is  again  immersed  in  the  sun's 
rays,  and  arrives  at  its  superior  conjunction, 
which  happens  after  the  lapse  of  about  nine 
months  fix>m  the  time  of  being  first  seen  in 
the  morning.  But  the  planet  is  not  visible  to 
the  naked  eye  all  this  time  on  account  of  its 
proximity  to  the  sun  when  slowly  approach- 
ing its  superior  conjunction.  After'  passing 
this  conjunction  it  soon  after  appears  in  the 
evening,  and  resumes  the  same  course  as 
above  stated.  During  each  of  the  courses 
now  described,  when  viewed  with  a  telescope, 
it  is  seen  to  pass  successively  through  all  the 
phases  of  the  moon,  appearmg  gibbous  or 
nearly  round  when  it  is  first  seen  in  the 
evening ;  of  the  form  of  a  half  moon  when 

<379) 


88  CELESTIAL  8CENEBT. 

tiKmt  the  point  of  iU  grMUest  elongatim ;  and  tion  it  ii  just  27  milliom  of  milM  fiom  dM 

of  tbs  figore  of  a  cceiODt,  graduBllj  turning  eartb ;  whereu,  at  ila  ■uperjoi  conjUBCticm,  it 

more  and  mors  slender  u  it  appraafbes  ita  is  no  lets  thiui  163  milliona  of  milos  from  tba 

interior  conjunction  with  the  sun.     SccEl  are  earth,  for  it  t>  then  fuitlicr  fi-om  us  by  the 

the    gGDeral    appearances  which  Venua  pre-  whole   diameter  of  its  orbit,  which    is    136 

■enla  to  the  aUentive  ejo  of  a  common  ob»  miiliora  of  milea.     This  ia  the  reason  why  it 

MT*er.  the  reasons  of  which  will  appear  from  appeani  much  smailer  at  its  auperior  conjunc- 
tion than  when  near  its  infehor;  ailbough,  in 


the  following  Sgure  and  explanaU 

Fig.  II. 


e,  then 

of  ita  light  presented  to  us,  while  in  the  former 
case  its  tiill  enlightened  hemisphere  is  turned 
to  the  earth. 

The  following  fignro  will  exhibit  mone 
dialinctly  the  phiua  of  this  planet  in  the 
di^rent  pitrta  of  its  coarse,  and  the  reaion  of 
the  difference  of  its  apparent  magnitude  in 
difieient  points  of  iti  orbit.  At  A  it  is  in  the 
aaperior  conjunction,  when  it  preaenu  lo  our 
view  a  round  full  &ce.  At  B  il  appears  as 
■n  evening  atar,  and  sihibits  a  gibbous  phaae, 
•omewhat  leas  than  a  fiill  moon.  At  D  it 
approaches  somewhat  nearer  to  a  half  moon. 
At  B,  DBU  the  pnnt  of  iti  eaatem  elongation. 


Fif.  13. 


IietOe  earth  be  mppoaed  at  JT;  then  when 
TenuB  is  in  the  poaillon  marked  A,  it  ia  neartj 
in  a  line  with  the  sun  as  seen  from  tbe  earth, 
in  which  poeition  it  is  said  tb  be  in  its  taptrior 
conjunction  with  the  sun,  or  beyond  hun,  in 
the  remotest  part  of  ita  orUt  bogi  the  earth ; 
in  which  case  tin  body  of  the  ann  sometime* 
interposes  between  the  earth  and  Vcnua ;  at 
olber  times  it  is  eidier  a  little  abore  or  below 
the  sun,  according  as  it  happens  to  be  either 
in  north  or  south  latitude.  When  it  is  in 
this  position  the  nhide  of  ita  enlightened 
hemisphere  is  turned  towards  the  earth.  A* 
it  moves  on  ils  orbit  from  A  to  B,  which  ia 
from  west  to  east,  and  is  called  its  dirert  mo- 
tion, it  begins  to  appear  in  the  eycning  after 
■unset.  When  it  arrives  at  B,  it  ia  seeo 
among  the  atars  at  L,  in  which  position  it 
aaaumea  a  gibbous  phase,  as  a  portion  of  ita 
enlightened  hemisphere  is  turned  from  the 
earth.  When  it  arrives  at  C,  it  ^>pear« 
among  the  stars  at  M,  at  a  still  greater  dis- 
tance from  tbe  sun,  and  exhiUts  a  leas  gib* 
bouB  phase,  approaching  lo  that  of  a  half 
moon.  When  arrived  at  D,  it  is  at  the  point 
of  ita  greatest  eastern  elongation,  when  it  ap- 
pean  like  a  half  moon,  and  is  seen  among  the 
stars  at  N;  it  now  appeart  for  some  time 
stationary ;  after  which  it  appears  to  move 
with  a  rapid  course  in  an  opposite  direction, 
or  from  east  to  nest,  during  which  it  presents 
(he  form  of  a  crescent,  tilt  it  apprtisches  so 
near  Uie  son  as  to  be  overpowend  nilh  tbe 
splendour  of  hii  tays.  When  arrived  at  E, 
it  is  said  lo  be  in  its  infirior  conjunction,  Etnd, 
consequently,  nearest  the  earth-    In  this  pod- 


il  appean  Uke  a  bilf  mocnt.  During  all  this 
coarse  it  moves  Irom  west  lo  eoat.  Prom  F 
to  I  it  appears  to  move  in  a  contrary  direc- 
tion, ftem  east  to  west,  during  which  it  aa- 
aumea the  figure  of  a  crescent,  gradually 
diminishing  in  breadth,  but  increasing  in  a- 
tent,  till  it  arrives  at /,  the  point  of  its  inferior 
eoiyunction,  when  ita  dork  henii.iphere  it 
turned  untards  the  earth,  and  ia  coneeqaentiy 
invisible,  being  in  a  situation  similar  lo  that 
of  the  moon  at  tho  time  of  change.  It  is  seen 
no  longer  in  the  eienings,  but  soon  appenn 
ill  the  moming  under  tbe  figore  of  a  slender 
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ovscent;  and  paaK«  thtoagb  all  the  other  tht  rays  of  the  sun"    The  same  opinion  is 

phtflpn  represented  in  the  diagram,  at  M,  N,  expressed  in  aimilar  phrases  by  Ferguson, 

0,  Ac*,  till  it  arrites  again  at  ^,  its  superior  Gregory,  Adams,  Gravesend,  and  most  other 

coDJunctioD.    The  earth  is  here  supposed  to  writers  on  the  science  of  astronomy,  and  has 

be  placed  at  JT;  and  if  it  were  at  rest  in  that  been  copied  by  all  subsequent  compilers  of 

poation,  all  the  changes  now  stated  would  treatises  on  this  subject    In  order  to  deter* 

hsppea  in  the  course  of  224  days.    But  as  mine  this  point,  along  with  several  others,  I 

the  earth   is  moving  ibrward  in  the  same  commenced,  in  1813,  a  seriee  of  observations 

direction  as  ihe  planet,  it  requires  some  con-  on  the  celestial  bodies  in  the  dai/time,  by 

atdeiable  time  before  Venus  can  overtake  the  means  of  an  equatorial  instrument    On  the 

earth,  so  as  to  be  in  the  same  position  as  5th  of  June  that  year,  a  little  before  midday, 

before  with  respect  to  the  earth  and  the  sun.  when  the  sun  was  shining  bright,  I  saw  Venus 

The  time,  therefore,  that  intervenes  between  distinctly  with  a  magnifying  power  of  sixty 

the  superior  conjunction  and  the  same  con-  times,  and  a  few  minutes  afterward  with  a 

junction  again  is  nearly  584  days,  during  power  of  thirty,  and  even  with  a  power  of 

which  period  Venus  passes  through  all  the  fifteen  times.    At  this  time  the  planet  was 

variety  of  its  motions  and  phases  as  a  mom-  just  3°  in  longitude  and  about  13'  in  time 

ing  and  evening  star.  east  of  the  sun's  centre,  and,  of  course,  only 

This  diversity  of  motiona  and  phases^  as  2}^  from  the  sun's  limb.  Cloudy  weather  pre- 

formerly  stated,  serves  to  prove  the  truth  of  vented  observations  when  Venus  waIIb  nearer 

the  system,  now  universally  received,  which  the  sun.*     On  the  16th  of  October,  1819,  an 

places  the  sun  in  the  centre,  and  the  earth  be-  observation  was  made,  in  which  Venus  was 

yond  the  orbit  of  Venus.  In  order  to  illustrate  seen  when  only  six  days  and  nineteen  hours 

this  point  to  the  askonomical  tyro  in  the  most  past  the  time  of  her  superior  conjunction, 

otmvincing  manner,  I  have  frequently  used  Her  distance  from  the  sun*s  eastern  hmb  was 

the  following  plan.  Wrih  the  aid  of  a  planeta-  then  only  1^  28'  42^'.  A  subsequent  observa- 

rhmi,  and  by  means  of  an  epheitieris  or  a  tion  proved  that  she  could  be  seen  when  only 

nautical  almanac,  I  place  the  earth  and  Venus  1°  27'  from  the  sun's  margin,  which  approxi- 

fn  their  true  positioDs  on  the  planetarium,  and  mates  to  the  nearest  distance  from  the  sun  at 

then  desire  the  learner  to  place  his  eye  in  a  which  Venus  is  distinctly  visible.    About  the 

line  with  the  balls  representing  Venus  and  tenth  of  March,  1826, 1  had  a  glimpse  of  this 

the  earth,  and  to  mark  the  phase  of  Venus,  as  planet  within  a  few  hours  of  its  superior 

seen  from  the  earth,  whether  gibbous,  a  half  conjunction,  but  the  interposition  of  clouds 

nMNm^  or  a  crescent    I  then  adjust  an  equa-  prevented   any  particular  or  continued  ob- 

toriai  telescope  (if  the  observation  be  in  the  servations.    It  was  then  about  1°  25  j'  from 

daytime),  and,  pointing  it  to  Venus,  show  the  sun's  centre.    Observations  were  likewise 

him  this  planet  with  the  same  phase  in  the  made  to  determine  how  near  its  inferior  con* 

heavens ;  an  experiment  which  never  fails  to  junction  this  planet  may  be  seen.    The  fol- 

pleaae  and  to  produce  conviction.  lowing  is  the  observation  in  which  it  was  seen 

It  has  genially  been  asserted  by  astrouo-  nearest  ta  the  sun.    On  March  1 1th,  1822,  at 

mers  that  it  is  impossible  to  see  Venus  at  the  thirty  minutes  past  twelve,  noon,  the  planet 

time  of  its  superior  conjunction  with  the  sun.  being  only  thirty-five  hours  past  the  point  of 

Mr.  Benjamin  Martin,  in  bis  "  Gentleman  its  inferior  conjimction,  I  perceived  the  cres- 

and  Lady's  Philosophy,"  vol.  i^  says,  ''At  cent  of  Venus  by  means  of  an  equatorial 

and  about  her  upper  conjunction  Venus  can-  telescope,  magnifying  about  seventy  tiroes. 

not  be  seen,  by  reason  of  her  nearness  to  the  It  appeared  extremely  slender,  but  distinct 

■an."    And  in  his  '<  Philosophia  Britannica,"  and  well-defined,  and  apparency  of  a  larger 

voL  iii.,  the  same  opinion  is  expressed:  ^At  curve  than  that  of  the  lunar  crescent  when 
her  superior  conjunction  Venus  would  appear 

a  fuB  enlightened  hemisphere,  were  it  not      *  The  partienlars  connected  with  this  obierva 

thai  she  is  then  lost  in  the  sun's  blaze,  or  tkm,  and  with  those  made  on  the  other  planets. 


Ij-!i?-«-^«rL««j  i;1p«  «Vo  fi,ii  «^  »»    Tw'  sophy,"  Ate,  for  October,  1813,  vol.  xxxvi.  p.  109 

would  appear  round  hke  the  full  moon.     Dr.  ^^^  ^.  ^^  ^  commiinication  which  occuplen  kbont 

Brewster,  m  the  article  of  Astrtmomr/  m  the  twenty  pages ;  and  also,  In  an  abridged  form,  in 

•> Edinburgh  Encydopwlia,"  when  describing  the  "Monthly  Magazine."  " Awials  of  Philoso- 

•1.     ^u^-Z.    ^r   ix^JL^  -«J   Jr^*^nm  '«o^«  phy,»' and  other  periodical  Journals  of  thtttperlod. 

the   phases   of  Mercury  and  yenu^  say^  ^;^^  ^^^  succeeding  winter  the  cetebrated  Mr. 

**  Their  luminous  side  is  completely  thmed  pisyfair,  professor  of  natural  philosophy  in  the 
to  the  earth  at  the  time  of  their  superior  con-  tiniverslty  of  Edinburgh,  communicated,  in  his 
2 ^  .  ^^  .u^«  ^A^\A  .».wJ*  Kv*  *Ka  lectures  to  the  students,  the  principal  deUifs  con- 
junction, when  they  would  appear  hke  the  ^3,^^^  ,„  ,„^t  communlcaUon  as  mv /oeu  in 

IhU  moon,  if  they  were  not  then  eckpsea  by  astronomipal  science. 
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the  moon  k  about  two  days  old.  The  di£fer>  figure,  having  its  polar  Sorter  than  its  eqii*« 
enoe  of  longitude  between  the  sun  and  Yenm  toriai  diameter.  Jupiter,  Mara,  and  Saturn 
at  that  time  was  about  2°  19^.  A  gentleman  have  also  been  ascertained  to  be  oblate  spho- 
who  happened  to  be  present  perceived  the  roids,  and  the  proportion  between  their  equ^ 
nme  phenomenon  with  the  utmost  ease  and  toriai  and  polar  diameten  has  been  pretty 
with  perfect  distinctness.*  accurately  determined.    As  Venus  is  found 

From  the  above  observations,  the  following  to  have  a  rotation  round  her  axis,  as  these 
conclusions  are  deduced :  1.  That  Venus  may  planets  have,  it  is  reasonable  to  conclude  that 
be  distinctly  seen  at  the  moment  of  her  supe-  she  is  of  a  similar  figure.  It  is  impossible, 
iSor  conjunction,  with  a  moderate  magnifying  however,  to  determine  this  point  when  she  is 
power,  when  her  geocentric  latitudef  at  the  in  those  positions  in  which  she  has  generally 
time  of  conjunction  exceeds  I^°,  or,  at  most,  been  viewed ;  as  at  such  times  she  assumes 
1^  43'.  2.  That  during  the  space  of  684  either  a  gibbous  phase,  the  form  of  a  half 
days,  or  about  nineteen  months,  the  time  moon,  or  that  of  a  crescent,  in  neither  of 
Venus  takes  in  moving  from  one  conjunction  whidi  cases  can  the  two  diameters  be  mea- 
of  the  sun  to  a  like  conjunction  again,  when  aured.  I  am  therefore  of  opinion  that,  al 
her  latitude  at  the  time  of  her  superior  con-  some  future  conjunction,  when  her  geocentric 
junction  exceeds  I^  43^,  she  may%e  seen  by  latitude  is  considerable,  with  a  telescope  of  a 
mearu  of  an  equatorial  tekeeope  eoerv  clear  high  magnifying  power,  furnished  with  a  mi- 
day  voithout  interruption,  except  at  the  mo-  crometer,  this  point  mig^t  be  ascertained.  If 
ment  of  her  inferior  conjunction,  and  a  veiy  the  planet  is  then  viewed  at  a  high  latitude, 
short  time  before  and  after  it,  a  circumstance  and  the  sky  serene,  its  disk  will  appear  suffi- 
which  cannot  be  affirmed  of  any  other  ceies-  ciently  luminous  and  well  defined  for  this  pui^ 
tial  body,  the  sun  only  excepted.  3.  That  pose ;  free  of  that  ^are  and  tremulous  aspect 
from  the  time  when  Venus  ceases  to  be  visible,  it  generally  exhibits  when  near  the  horizon, 
prior  to  her  inferior  conjunction,  on  account  which  makes  it  appear  larger  than  it  ought  to 
of  the  smallness  of  her  crescent  and  her  prox-  do,  and  prevents  its  margin  firom  being  accu- 
imify  to  the  sun,  to  the  moment  when  she  rately  dsitinguished. 

may  again  be  perceived  in  the  daytime  by  an  Such  observations  require  a  considerable 
equatorial  telescope,  there  elapses  a  period  of  degree  of  attention  and  care,  and  various  con- 
only  two  days  and  twenty-two  hours;  or,  in  trivanoes  for  occasionally  diminishing  the  aper* 
other  words,  Venus  can  never  be  hidden  from  tare  of  the  object  glan,  and  for  preventing 
our  view  about  the  time  of  her  inferior  eon-  the  direct  njs  of  the  sun  from  entering  the 
junction  for  a  longer  period  than  seventy  tube  of  the  teleacope.  In  order  to  view  thie 
hours.  4.  That,  daring  the  space  of  584  planet  to  advantage  at  any  future  conjunction, 
days,  the  longest  period  in  whidi  Venus  can  when  in  mnUh  latitude,  it  will  be  proper  to 
be  hidden  from  our  view  under  any  dream-  ^^  a  board,  or  any  other  thin  opaque  sub- 
stances, excepting  a  cloudy  atmosphere,  is  atance,  at  a  conaderable  distance  beyond  the 
about  sixteen  days  and  a  hal£  During  the  object  end  of  the  telescope,  having  such  a  de- 
same  period,  this  planet  sometimes  w2l  be  gree  of  concave  curvature  as  shall  neariy  cor^ 
hidden  from  the  view  of  a  common  observer  respond  with  a  segment  of  the  diurnal  arc  at 
for  the  space  of  five  or  six  months.  that  time  described  by  the  sun,  with  its  lower 

One  practical  use  of  the  above  observations  concave  edge  at  an  elevation  a  small  degree 
is,  that  they  may  lead  to  the  determination  of  above  the  line  of  coUiroation  of  the  telescope, 
the  difference  (if  any)  between  the  polar  when  adjusted  for  viewing  the  planet,  in  order 
and  equatorial  diametere  of  this  planet,  which  to  intercept  as  much  as  possible  the  solar  rays, 
point  has  never  yet  been  determined.  It  is  When  the  planet  is  in  north  latitude,  the 
well  known  that  the  earth  is  of  a  spheroidal  curvature  of  the  board  must  be  made  convex, 

*  The  obaervatioM  stated  above  are  alto  re-  ^'^  placed  a  little  below  the  line  of  sight, 
corded  In  acientlllejoarnale.  The  observatfon  of 
the  Iftth  October,  lelO.  la  recorded  in  the  ^*Edls- 
barth  Philoeophical  Joarnal/'  No.  V..  for  July. 
1820,  p.  101,  199;  and  in  Dr.  Brewater'e  tteond 
edition  of  **  Fergoeon'e  Aetronomj,"  vol.  11.  p. 
Ill ;  in  the  **  Monthly  Magaalne"  for  Aagutt,  1690, 
vol.  1.  p.  09.  The  obeervatlon  of  March  II,  1699, 
made  on  Venue  when  near  the  inf*ri»r  conjano- 
tion,  Ifl  recorded  at  large  in  the  **  Bdinbnrsh  Pbilo* 
•oohical  Joamal/'  No.  XIII.,  July,  1899,  p.  177, 
178,  &c. 

t  The  latUmit  of  a  heavenly  body  Is  lis  distance 
from  the  ecnpttc,or  the  apparent  path  of  the  tnn, 

r!l!!n';i;T**°'"2?*   li»r«««|^*J«i;wde talis  The  above  figure  wiU  illnstnte  my  idea: 

lat  tude  at  seen  fh>in  the  earth.    Ita  heUocentrie  wh«r«  A  »  rViS  iq  \  T«»r.>...-i.  ♦K-  ^..^'-^ 

latitade  la  ita  latitude  at  viewed  from  the  sun.  ^^^  A  JS  {tig,  13,^  represents  the  concave 

These  latitudes  seldom  coincide.  curve  of  the  board  to  be  used  when  the  planet 

(383)  *^ 
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i*  in  •oath latitode ;  C i), *  icgmeiit  of  the  April  20tb,lS67,ab(nitfifteen  minuleibrroN 

■ppamitdhinul  path  of  the  pluiet;  mdEF,  nnrus.nhen  h«  mw  npon  the  Juk,now  hilf 

a  •egmeDt  of  the  mi'i  diurnal  arc.    Pig  14,  enlightened,  a  bright  part,  diilant  from  the 

mpeawiita  the  board  lo  be  uand  whan  the  aouthem  edge  about  a  fourth  part  of  the  di- 


.o^ 


Pig.  1*. 


ainetet  of  the  diih,  aiul  neai>the  eaa(«ru  edge. 
He    Hiir,  likewiK,  a   daikiah  oblong   q>ot 
towanit  tha  noTtbein  edge,  a>  in  Fig.  16. 
Pig.  IB.  Fig.  IB. 


brirf  itatement  irf  the  obseryaliona  on  Venua 
becaUM  they  are  not  jrct  generally  known, 
end  bfcaew  compiler*  of  elementary  books 
on  aitninonii  Mill  Teileisle  the  vague  and  nn- 
tmndnl  SMertion  that  it  i*  impoaaible  to  see 
this  planet  at  ita  ■aperior  conjunction,  when  it 
prearnla  a  Aill  enli^tened  hemiapbern.  The 
drcnmatance  now  aioertained  may  riot  be 
couaidered  an  a  feci  of  much  importMice  in 
aatiDnomy.  It  ii  always  naeful,  hoverer,  in 
tmj  department  of  adence,  lo  aaMrtain  creiy 
bet  connected  with  ita  prindplBB,  however 
cJTCQinatanlial  and  minute,  a>  it  tend*  to  give 
pRciiion  to  ita  language;  aa  it  enables  the 
mind  to  lahe  into  view  cveiy  particular  which 
haa  th«  leaat  bearing  on  any  object  of  inveiti- 
gation ;  and  aa  it  may  □llimalely  promote  lis 
progreaa  by  leafUngtoetmcluaioni  which  were 
not  al  Gnl  appnbended.  One  of  tfaaaa  con- 
clnsiona  or  practical  uiiea  has  been  stated 
aboie;  and  another  conclunoa  is,  that  such 
olaervations  aa  now  referred  to  may  posnbly 
kill  to  the  diflcoveiy  of  planets  yet  onkDOWn 
within  die  oibit  of  Mercury,  which  cucDtn- 
atsnce  I  ahati  take  occasion  more  partieululj 
to  explain  in  Ibe  B0quel- 

Dittortria  made  by  the  fekteopt  tn  rdo- 
lien  to  Vmta. — The  finrt  circumstance  which 
atUarted  the  attention  of  aatronomera  after 
the  ioTentian  of  the  telescope,  was,  the  rarietf 
of  phases  ivhich  Venus  appesrvd  lo  assume, 
of  which  I  have  dready  given  a  deacnption. 
Nothing  (hrthcr  was  obaefed  to  diattngnish 
this  planet  till  more  than  half  a  century  had 
elapaed,  when  Caiaini,  a  celebrated  French 
astronomer,  in  the  years  IflS6-T,  discovered 
Bome  spots  on  its  suiftcBiby  whicli  be  endee- 
Tonred  to  aacertain  the  period  of  its  revola- 
lioa  nmnd  its  aiis.  October,  14[b,  ISSfl,  at 
Ave  hours  forty-five  minutes,  r.  v..  be  saw  a 
biiRhl  spot  near  the  limits  between  the  Ggfat 
and  the  diik  side  of  the  [danet,  not  br  trma  ita 
centre ;  al  the  same  time  be  noticed  two  dark 
MoD^  spots  near  the  west  side  of  the  di>^ 
*a  leprcaenled  Pig.  IS.  After  this  he  could 
attain  no  aatishcloiy  views  at  Tenns  till 


w  MTCaiTai 

idfutherfr 


At  at 

was  sdvsncad  futher  from  the  BOathem  ptnnt 
than  when  he  Gnt  observed  it,  as  at  Fig.  17, 
when  he  had  the  satisbclion  o(  finding  an 
evident  proof  of  the  planet's  motisn.  On  th« 
next  day,  at  sunrise,  the  bright  spot  was  ■ 
good  way  off  the  section,  and  distant  from  the 
•oDthem  point  a  fourth  part  of  the  diameter 
of  the  disk.  When  th«  son  had  risen  six  de- 
grees above  the  horizon  the  spot  had  gut  be- 
yond the  centre.  When  the  sun  hod  risen 
seven  degrees  the  section  cut  it  in  halves,  as  in 
Fig.  18.  whid  ifaowed  ita  motion  to  ha** 
soma  inclination  towards  the  centra.*  8eve 
Tig.  17.  Fig.  18. 


ra]  obaervationa  of  a  ainular  hind  were  mads 
about  Ihal  time,  whidi  led  Cassini  to  the  con- 
clunon  that  the  planet  revolves  about  its  aiis 
in  a  period  somewhat  more  than  twenty-threa 
houia.  From  this  time,  Ibr  nearly  si ity  years, 
we  have  no  fuithet  accounts  of  spots  bsving 
been  observed  on  the  disk  of  Venus. 

In  the  year  1 736,  Biarukini,  vrith  teleacopea 
of  90  and  100  Roman  palms,  commenced  a 
series  of  observslions  on  Vsnu%  and  published 
an  account  of  them  in  a  book  entitled,  "  Jl» 
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j>eri  d  Phoiphori  nota  Phenomena."    In  of  A,  appears  by  the  Ggnmi  given  by  Bian- 

thew  obHTTBticiaa,  we  do  not  find  Ibat  ut  diini;  and,  if  so,  it  would  coneqwnd  with 

ne  of  them  wu  canCiDued  long  enough  la  the  rotation   of  twinty-three  boura  twenn 

diaooTer  any  change  of  potilion  in  the  spots  at  minnlos  deduced  by  Caantli.    Betidea,  it  la 

the  end  of  the  observation  from  whnl  there  impassible  to  maLe  observations  on  Venus 

was  at  the  b^inoinK  i  but  at  the  distance  of  for  three  or  fimr  hours  in  succession,  as  ta 

two  snd  of  Ibur  days  lie  found  the  same  spot  here  lupposed,  withont  the  hrip  of  equatorial 

■dvanted  so  far  that  he  concluded  it  must  instruments,  wtuch  were  not  then  in<uae,  ■■ 

have  gone  round  at  the  isle  of  15°  in  aday.  this  planet  is  seldom  more  than  three  hours 

This  advance  would  show  that  Venus  turned  above  the  hoiizon  after  autiBet ;  snd  when  it 

round  either  once  in  about  twenly-tbur  days  descends  within  B°  or  10°  of  the  hotiaon,  itia 

or  in  little  more  than  twenly-lhreo  houia,  bat  impossible  to  see  its  aurfkce  with  any  degree 

would  notdelennine  which  of  theaewas  the  of  diatjactnesa,  on  sccount  of  the   brilliancy 

true  period.     Fat,  if  an  observer  at  a  given  of  its  lighl,and  the  undulating  vapours  near 

hour,  suppose  seven  in  die  evening,  were  to  the  horizon,  which,  in  some  casee,  prevent 

mail  the  exact  place  of  a  spot,  and  at  the  even  its  phase  from  being  accurately  distin- 

same  hour  on  the  next  day  find  the  spot  ad>  guiahed.     In  the  commuuicadDn  in  "  Nichol- 

vanced  lb",  he  would  not  be  able  to  determine  son's  Joumal"  for  1813,  already  referred  tj,  I 

wtiether  the  qiot,  during    that   interval  of  bave  shown  how  the  dispute  in  reference  to 

twen^-four  hours  had  advanced  forward  only  the  rotation  of  Vonna  may  be  settled  by  com- 

ia°,  or  had   finished  a  revolution,  and    16°  mendng  a  series  of  observations  ontliisplanct 

more  as  pert  of  another  rotation.*     Of  ll^ese  in  the  daytime,  when  its  spots,  if  any  were 

two  periods  Bianchini  concluded  that  the  ro-  perceived,  could  be  traced  in  Ibeir  moUon  (or 

tstton  was  accomplidied  in  twenty-four  days,  twelve  houra  or  more.    Mr.  Ferguson,  in  his 

eight  hours.    The  fallowing  is  the  chief,  if  sslrcnioiny,  by  adopting  the  conclusion  of  Bi- 

not  the  only  observation,  he  biinga  forward  to  anchini.  has  occupied  a  number  of  psges  in 

substantiate  bjs  conclusion.    He  saw  three  describingthephenomenaonyenasanlhisBup* 

tpoU,A,B,  C,  in  the  situatioa  represented  in  position,  which  description  is  altogether  uaeleae. 

Fig.  IS,  whidi  he  and  several  persons  of  and  conveys  erroneous  ideas  of  the  circum- 

_^  stances  connectad  with  this  planet,  if  the  period 

'•B-  'B>  determined  by  Caeeini  (aa  is  most  probable)  ha 

Mr.  Schroder,  formerly  mentioned,  whohaa 

been  a  most  diligent  and  accurate  observer  of 

Ihe  haivens,  oommenced  a  Beries  of  obgerra- 

liona  in  order  to  determine  the  dsily  period  of 

dus  planet    He   obeerved   paiticulsrly   the 

difleient  shapes  of  the  two  homa  of  Venus. 

Their  appearanco  generally  varied  in  a  few 

hours,  and  became  nearly  tbo  same  at  the  cor> 

dktiDctioa  viewed  far  abont  an  hour,  wben   requoding  time  of  Ihe   subsequent  day,  or, 

they  could  discover  no  change  of  place  in   rather,  about  half  an  hour  sooner  every  day. 

tiieir   appearance.     Venus  being  h4dden  be-    Hence  he  concluded  that  the  period  must  be 

hind  the  Baibarini  palace,  their  view  was  in-   about  tnen^-three  hours  and  a  half;  tbst  the 

tenupted  for  nearly  three  houn,  at  the  end  of    equator  of  the  plsnet  is  considerably  inclined 

which  they  found  that  the  spots  had  not  send-    to  the  ecliptic,  and  ita  pole  at  a  congiderabls 

biychanged  their  silualjan.  But  Ihe  inference   distance  from  the  point  of  the  horn,    t^roia 

from  this  observation  is  not  conclusive  for  the    sevenl  olaervatjons  of  Ibis  land  he  fbund  that 

period  of  twenty-fonr  days  eight  hours.     For,    the  peiiod  of  rotation  most  be  twenty-three 

during  the  three  hours  intemipliDn,  Ihe  qiot   hours,  twenty-one  minutes,  or  only  one  minute 

C  might  have  gone  off  the  diaic,  end  the  spot    more  than  had  been  assigned  bj  Cassni ;  and 

B  moved  Into  Ita  place,  where,  being  near  the   thia,  we  have  reason  to  beUeve,  ia  aboul  the 

edge,  It  would  appear  lees  than  when  in  the   true  period  of  this  planet's  revolution  round 

middle ;  A,  succeeding  into  the  place  of  B,    it*  aiis,  being  thlitr-five   minutes  less  than 

would  appear  larger  than  It  did  near  Ihe  edge,    the  peiiod  ot  the  earth's  rotation,  which  ia 

end  another  spot  might  have  come  into  the   twenty-three  houra,  My-ni  minutes.    I  have 

plan  of  A.     For  that  there  were  other  spots,    atated  these  obaorvationi  respecting  the  rola- 

psFticnUrly  one  which,  by  the  rotation  of  Ve-   don  of  Venus  at  soioe  length,  buvuse  they 

nna,  would  have  been  brought  into  the  place   ve  not  generally  known  to  common  readers 

,-     „      „   i    ■  ..         ...      ,.         Of  ''''■  subject,  or  noticed  in  modem  ele- 

DllJS^t.^wtth'V  fl«",?a°"v^o'S».  "oS^'iS    '^^  >"«*»  «  astronomy,  and  that  the 

baproveniaDl  of  Society,"  BecibuiiU.  general  reader  ruay  peroeive  the  reason  of  th« 
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di^aie  which  hu  aiiatn  among  utrononien   (Fig.  21),  i  being  the  extiemity  oT  the  di- 
on  thi)  pdnt.  amcleT  of  a  i,  uml  mnscquentlj,  the  natural 

MounlainM  on  Venu; — Mr.  SchroetCT,  in  termination  of  the  cusp.  The  itrrak  b  e, 
hiiDhKmtioiu,  ducorered  «everal  mountain*  Tei^ing  to  a  pale  gray,  wai  faint  when  com- 
on  thn  planrt,  and  fbond  tlial,  like  tfaiwe  of  pared  with  the  light  of  the  ru»p  at  J.  I  wan 
die  moon,  tbcy  were  alwava  highest  in  the  rtrock  with  a  nmUar  appearance  when  oh- 
notheni  bemiaphere  ;  Iheir  peipendicular  eerving  Venus,  when  only  Ibirty-five  hours 
heights  being  ne«-ly  ss  the  diamelera  of  their  past  her  inferior  conjunction,  on  March  11, 
respectioi!  plsnets.  Piom  the  llUi  of  De-  IES2,  ti  formerly  noticed,  (p.  39).  One  of 
eember,  1T89,  to  the  lltb  of  January,  1790,  the  cusps,  al  least,  appeared  to  pn^ect into lh« 
the  Bootbran  horn,  b  (Pig.  SO),  appealed  dark  henuBphero,  like  a  fine  Incid  thread,  be- 
yond the  luminoas  semicircla.  Ttiis  pheniv 
Tis-  30.  Fig.  31.  menon  Mr.  Schioeter  considers  as  Ihe  iuiilig/U, 

or  crepuscular  light  of  Venus.  From  these 
and  various  other  observations,  which  it  would 
be  too  tedious  to  detail,  he  concludes,  on  the 
ground  of  Tariooa  calculnlione,  that  the  daitt 
part  of  the  atmosphere  uf  Venus  is  about  16, 
090  fi)et,or  somewhat  eljove  three  milea  high; 

tains ;  that  it  ia  more  opaque  than  that  of  the 
moDQj  and  that  its  density  is  a  auflicient  rea- 
son why  we  do  not  discarer  on  the  surface  of 
Venus  those  snperficial  shades  and  Tarietiea 
of  appearance  which  are  to  be  seen  on  the 
other  planets 
Duy  Obimahoru  on   Vmiu. — The  lOMl 
DtKh  bhnited,  with  an  enlightened  mountain,   ^"'inct  ""J  satisfectory  views  I  have  ever  ob- 
m.  in  die  dark  hemiapheie,  which  he  estimated    t«ined  of  this  planet  were  taken  at  noonday, 
at  aboat  18,300  toises,  or  iwariy  twenly-two   °'  ^^'^"  the  "ou™  of  ten  m  the  morning 
miles  b  perpendicular  height.     It  u  quite  ob-    Utd  two  in  the  afternoon, when  it  happcnedlo 
viouslhst  if  such  a  bright  spot  a«  here  repre-    ■».•'  "   ^'gh   elevation   above   the   horizon, 
•enlol  vna  reguUrly  or  perioJically  wen,  it   ^'^"^  ts  generally  th^case  durmg  the  sum- 
mnat  indicate  a  very  high  etevalion  on   the    "". months.     The  lifiht  of  this  planet  a  so 
sgr&cs   of  the   planet,  and  ita  preci»  height   brilliant,  that  its  aurlbce  and  marcin  seldom 
will  depend  upon  its  distance  from  the  illumi-    "Pprarwell  de&atA  in  the  evening,  even  with 
natol  portion  of  the  disk,  or.  in  other  words,   "•«  >*"«  telewropea.    But  in  the  daytime  iU 
the  length  of  its  diadow.     It  is  precisely  in    ^''^  "^  margin  present  a  siiatp  and  well-de- 
■Dch  *  way  that  the  mountnina  in  the  moon    ^"^^  ospectwith  a  good  achromatic  telescope, 
an  dislinguiabed.    Mr.  Schroeter   measured   V"^  »''"™'  'omptelely  free  of  those  iindula- 
ibe  allitiide  of  other  Ihne  mouDtains,  and  ob-   ^°'"  """^^  o™cure  its  surface  when  near  the 
tained  the  Wlowing   results:   height  of  the    hoiiMn.     The  following  figure  (No  1)  repre- 
first.  nineteen  miles,  or  about  five  timea  the    «"•»  ""«  of  the  appearsnces  of  Venus  which 
heiifhl  of  Chimboraio  ;  height  of  the  second,    '  i"™  frequently  seen  in  Iha  daytime  when 
elrven  miWandahalf;  and  of  the  third,  ten    viewing  this  planet  nt  a  high  altitude  and  in 
miles  and  three    quarters.     The»  estimates    »  "o™""   *?-  "''«n   "*"   the  meridian,  by 
maT    pethMis,  requirv  certain  cotreclions  in    <™'^  °'   ■  three-and-a-half  ieet  achromatio 
future  observatioiu.  telescope,  msgaifying  about  160  tine*. 

Atnnfphat  of  Fctu*.— From   several    of  Fig.  23. 

Mr.  Schroetei'a  obaervations,  he  coitcludea  that 
Venns  has  an  almoaphem  of  conddeiable  ei- 
lent.  On  the  tenth  of  September,  1791,  he 
observed  that  the  southern  cusp  of  Venus  dia- 
apjieared,  and  was  bent  like  a  hook  about 
eu^t  se«ot>da  beyond  the  luminoas  semidrcle 
into  tlie  dark  bemiaphere.  Tile  northern  cusp 
bsd  the  aame  tapering  termination,  bat  did 
not  eocroaeh  upon  the  dark  part-  irf  the  diak. 
A  streak,  however,  of  glimmering  bluish  tight 
proceeded  about  eight  seconds  along  the  dark 
Cae,  from  the  point  of  the  cusp,  from  A  lo  e       The  Mtteriiir  cnrr*  of  the  pltnet,  u  Iwn 
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exhibited,  appealed  far  more  lucid  and  bright  non  was  nearly  equal  to  a  fourth  part  of  tlie 
than  the  interior  portion.  It  was  not  a  mere  diameter  of  Venus.  I  observed  it  attentively 
stripe  or  luminous  margin^but  a  broad  serai-  for  a  quarter  of  an  hour,  and,  having  left  oa 
circle,  of  a  breadth  nearly  one  third  of  the  looking  at  it  for  four  or  five  minutes,  I  saw  it 
semidiameter  of  the  planet  It  appeared  as  no  more ;  but  daylight  was  then  advanced, 
if  it  were  a  kind  of  table-land,  or  a  more  ele-  I  had  seen  a  like  phenomenon,  which  resem- 
vated  portion  of  the  planet's  surface,  while  the  bled  the  phase  of  Venus,  on  January  25tb, 
interior  and  darker  part  appeared  more  like  a  1672,  from  fifty-two  minutes  after  six  in  the 
plain,  diversified  with  inequalities,  and  two  morning  to  two  minutes  afier  seven,  when  the 
large  spots,  somewhat  darker  than  the  other  brightness  of  the  twilight  caused  it  to  disa^ 
parts,  were  fidntly  marked.  The  appearance  pear.  Venus  was  then  homed,  and  this  phe- 
was  somewhat  similar  to  that  of  certain  por-  nomenon,  the  diameter  of  which  was  nearly 
tions  of  the  level  parts  of  the  moon  which  lie  a  fourth  part  of  the  diameter  of  Venus  was  ti 
adjacent  to  a  ridge  of  mountains  or  a  range  of  the  same  shape.  It  was  distant  from  the  south- 
elevated  ground.  I  have  exhibited  this  view,  em  horn  of  Venus,  a  diameter  of  Venus  on  the 
of  Venus  at  different  times  to  various  indivi-  western  side.  In  these  two  observations  I 
duals,  and  even  those  not  accustomed  to  look  was  in  doubt  whether  it  wa9  not  a  satellite 
through  telescopes  could  plainly  perceive  it  of  Venus,  of  such  a  consistence  as  not  to  be 
I  consider  it  as  a  corroboration  of  the  fiiict,  that  very  well  fitted  to  reflect  the  light  of  the  sun, 
mountains  of  great  elevation  exist  on  the  sur-  and  which,  in  magnitude,  bore  nearly  the  same 
fiice  of  this  planet  There  appeared  likewise  proportion  to  Venus  as  the  moon  does  tc 
some  sliglit  indentations  in  the  boundary  the  earth,  being  at  the  same  distance  from  the 
which  separated  the  dark  from  the  enlightened  sun  and  the  earth  as  Venus  was,  the  phases 
hemisphere,  which  circumstance  leads  to  the  of  which  it  resembled.*' 
same  conclusions.  If  the  whole  hemisphere  In  the  year  1740,  October  23,  at  sunrise, 
of  the  planet  had  been  enlightened,  it  would  Mr.  Short,  with  a  reflecting  telescope  of  six- 
propably  have  appeared  as  in  No.  2.  On  the  teen  inches  and  a  half,  which  magnified  about 
whole,  I  am  of  opinion  that  future  discoveries  sixty  times,  perceived  a  small  star  at  the  dii- 
in  relation  to  Venus  will  be  chiefly  made  in  tance  of  about  ten  seconds  from  Venus ;  and, 
the  daytime,  by  large  telescopes  adapted  to  putting  on  a  magnifying  power  of  240  time% 
equatorial  machinery,  when  such  instruments  he  found  the  star  put  on  the  phase  of  Venus, 
shall  be  brought  into  use  more  than  they  have  He  tried  another  magnifying  power  of  140 
hitherto  lieen.  Venus,  however,  is  the  only  times,  and  even  then  found  the  star  to  have 
planet  on  which  useful  observations  can  be  the  same  phase.  Its  diameter  seemed  about 
mode  in  ^e  daytime ;  for  although  several  of  a  third  of  the  diameter  of  Venus.  Its  light 
the  other  planets  can  be  perceived,  even  at  was  not  so  bright  or  vivid,  but  exceedingly 
noonday,  particularly  Jupiter,  yet  they  present  sharp  and  well  defined.  A  line  passing 
a  very  obscure  and  cloudy  appearance  com-  through  the  centre  of  Venus  and  it  made  an 
pared  with  Venus,  on  account  of  the  compa-  angle  with  the  equator  of  about  twenty  de- 
ratively  small  quantity  of  solar  light  which  grces.  He  saw  it,  for  the  space  of  an  hour, 
fiills  upon  their  surfaces.  several  times  that  morning ;  but,  the  light  of 

Supposed  Satellite  of  Venus. — Several  as-  the  sun  increasing,  he  lost  it  about  a  quarter 

tronomers  have  been  of  opinion  that  Venus  is  of  an  hour  after  eight    He  says  he  looked  for 

attended  with  a  satellite,  although  it  is  seldom  it  every  clear  morning  after  this,  but  never 

to  be  seen.    It  may  not  be  improper  to  give  saw  it  again.* 

the  reader  an  abridged  view  of  the  observa-  A   similar  phenomenon    is    described   «a 

tions  on  which  this  opinion  is  founded,  that  having  been  seen  by  Bauoouin,  Montaigne, 

he  may  be  able  to  judge  for  himself.    The  Rodkier,  Montbarron,  and  other  astronomers, 

celebrated  Cassini,  who  discovered  the  rota-  and,  from  their  observationa,  the  celebrated 

tion  of  Mars,  Jupiter,  and  Venus,  and  four  of  M.  Lambert,  in  the  "  Memoes  of  the  Academy 

the  satellites  of  Saturn,  was  the  first  who  of  Berlin "  for  1773,  gave  a  theory  of  the 

broached  this  opinion.    The  following  is  his  satellite  of  Venus,  in  which  he  concludes  that 

account  of  the  observations  on  which  it  is  its  period  is  eleven  days,  five  hours,  and  thir- 

founded  :  teen  minutes ;  the  inclination  of  its  orbit  to 

"  1686,  August  18,  at  fifteen  minutes  past  the  ecliptic,  63 j°  ;  its  distance  firom  Venus, 

four  in  the  morning,  looking  at  Venus  with  a  66^  radii  of  that  planet ;  and  its  magnitude, 

telescope  of  thirty-four  feet  I  saw  at  the  dis-  4-27  of  that  of  Venus,  or  nearly  equal  to  that 

tance  of  three  fifths  of  her  diameter,  eastward,  of  our  moon.   There  is  a  singular  consistency 

a  luminous  appearance,  of  a  shape  not  well  in  these  observations,  which  it  is  difficult  to 

defined,  that  seemed  to  have  the  same  phase  account  for  if  Venus  have  no  satellite.  Astio- 

with  Venus,  which  was  then  gjbbous  on  the  »  «  Philosophical  Transaction-."  No.  4«^  for 

western  side.    The  diameter  of  this  phenome-  laouary,  February  and  Match,  1741. 
f3^) 
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BMsen  vipaeted  Ihst  nich  a  body,  if  it  eiist-  sppean  bjr  the  figoie  that  the  poinla  3  and  T 
cd,  would  be  seen  as  ■  amatl  dmik  apot  upon  would  have  bmn  dumetrictUy  oppoute  if  t)ie 
Ibt  am  at  tbe  time  of  tbc  truisilg  of  Venni  in  ntelliW  hod  gone  finntn  degreca  more  ronnd 
IT6I  uid  1769;  but  no  nich  phenomenon  the  central  point  whero  Veniu  ii  tepresented. 
■eema  (o  have  been  noticed  tl  Ihoee  timea  by  May  1 1th,  Bt  nine  o'clock  r.  »„  the  only  nigbt 
■Bj  of  the  obscireTE.  Ijimbert,  bowBTor,  when  the  view  of  the  planet  was  nit  obscured 
miJDiaias,  from  the  tables  he  calcuUled  in  re-  t^  moonlight,  twilight  or  clauits,  (he  >stellite 
ktioo  to  tbii  body,  that  the  satellite,  if  it  did  appeared  nearly  at  the  same  distance  from 
eiist,  might  not  have  pused  over  the  sun's  Venu*  as  before,  making  with  the  Tertical  an 
did  at  the  lime  oftbettannli,  but  bo  expected  angle  of  forty-fiva  degrees  towards  [he  south, 
dial  it  mi^il  be  seen  alone  on  the  sun  when  and  above  its  primary.  The  light  or  the  sstel- 
TcDDS  passed  near  that  Inminaiy.  lite  was  always  very  weak  ;  but  it  had  always 

The  fbUmsing  is  a  particular  account  of  the  the  same  phase  with  its  primary,  whether 
obaerrations  mttle  by  Mr.  Moclaigne : — May  viewed  with  it  in  the  field  of  the  telescope  or 
3, 1760,  he  perceived,  at  twen^  miuules  dis-  atone  by  itself.  He  inugined  (bat  the  reason 
stances  from  Venus,  a  small  crescent,  with  why  tbe  satellitebail  been  so  freqently  looked 
tbe  boms  pcanling  tbe  saioe  way  as  ihoss  of  for  without  success  might  be,  that  one  part  of 
Venus.  Its  diameter  was  a  fourth  of  that  of  its  globe  was  crusted  over  with  spots,  or  other- 
its  primary  ;  and  a  line  drawn  from  Venua  to  wise  imfil  to  reflect  tbe  light  of  the  sun  with 
the  satellite  made,  below  Venus,  an  an^e  any  degree  of  brilliancy,  as  is  supposed  to  be 
with  the  veitjcal  of  about  twenty  degrees  to-  tbe  case  with  tbe  filth  satellite  of  Saturn. 
waids  tbe  BDud),  as  in  Fig.  23,  No.  3,  where  It  is  eHdent  that,  if  Venus  have  a  satelllle, 
Z  Iftepresenls  the  Tertical,  and  B  C  m  patal-    it  must  be  difficult  to  be  acen,  and  can  only 

Fii.  Sa. K*  3.  ''*  ps'c'i'f'd  in  certain  ftvoorahle  positions. 

iViw^i  ^*  cannot  be  seen  when  nearly  tbe  whole  of 

■™"""  its  enlightened  hemisphere  is  turned  to  the 

earth,  on  account  of  its  great  distance  at  such 

■  time,  and  its  proiinuly  to  the  sun;  nor 

could  it  be  Dipecled  lo  be  seen  when  tbe 

planet  is  near  its  inferior  conjunction,  as  it 

would  then  present  to  the  earth  only  a  vary 

■lender  crescent,  besides  being  in  tlie  inune- 

.,;  jy   diale  neighbourhood  of  the  sun.^  The  best 

J  W   portion  in  which  such  a  body  might  be  de- 

''  r-   lected  is  near  tbo  time  of  tbe  [danel's  greatest 

elongation,  and  when  it  wonM  appear  about 

half  enlighlened.    If  the  plane  of  its  orbit  be 

nearly  coincident  with  the  plane  of  tbe  planet's 

orbit,  it  will  be  freouentlj  hidden  by  the  btei- 

poailion  of  tbe  body  of  Venua,  aiid  likewise 

when  paaang  along  her  surlace  in  the  oppo- 

-^,  site  point  of  its  orlrit;  and  if  one  aide  of  Ihil 

"*"•  bo^  be  untitled  (or  reflecting  much  light,  it 

Irl  to  die  ediptio,  nutking  then  an  angle  with   will  account  in  part  for  its  being  seldom  aeen. 

the  vertical  of  foitj-flve  degrees.    The  num-   It  ia  not  soffident  in  this  case,  to  say,  as  Sir 

ben  3,  4,  7,  11  mark  tbe  situktions  ofthesa-   David  Brewster  has  done,  "that  Mr.  War- 

tdlile  on  the  req»etiie  days.    Ma;  4th,  at   gentin  bad  in  his  poesesdon  a  good  achromaUc 

tbe  same  hooT.  be  saw  tlie  same  star,  distant   telescope,  which  always  showed  Venus  with 

from  Venua  about  one  minute  more  than  be-    such  a  aatellite,  and  thai  tbe  deception  waa 

fore,  and  makin|[  an  angle  with  die  vertical  of    discovered  by  turning  the  telescope  about  its 

ten  dogrws  IkW,  but  on  the  north  side  ;  so    alis."      For   we    cannot  suppose   that  such 

that  tbe  BBleUile  sccrocd  to  have  described  an    sccurHto  obsorveis  as  Ilioae  mentioned  above 

arc  of  about  thir^  degrees,  whereof  Venus    would  have  been  deceived  by  such  an  optical 

wasthe  centre,  and  tbe  radius  twenty  minutes,   illunon;  and,  be«des,  the  telescopes  which 

Tile  two  lidlowing  nights  being  haiy,  Venua   were  used  in  the  oheervsllona  alluded  lo  were 

amid  not  be  seen.   Bat  May  Tlh,  at  the  same   both  refractors  and  reflectors,  and  it  Is  not 

boor  as  on  tbe  preceding  days,  be  ssw  the    likely  that  tioth  kinda  of  instruments  would 

■alellile  again,  hot  above  Venus,  and  on  tbe   produce  an  illonon,  especially  when   three 

MBlbsidu,MKprtaeDled  at  7,  between  twen-   different  powers  were   applied,  as   in   Mr. 

tj-ttt  and  ttretity'nx  minalM,  upon  a  line   Short's  observations.    Were  the  attention  of 

wbidi  tta^  aa  angle  of  brW-five  degree*   astronomers  more  particularly  directed  to  ttiis 

with  tbe  vertical  towards  the  nriit  hand.    It   ptnnt  than  it  has  hithnto  been ;  were  the 

13B7) 
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number  of  astronomical  observers  increased 
to  a  much  greater  degree  than  at  present; 
and  were  frequent  observations  on  this  planet 
made  in  the  clear  and  serene  sky  of  tropical 
climes,  it  is  not  improbable  that  a  decisive 
opinion  might  soon  be  formed  on  this  point ; 
and,  if  a  satellite  were  detected,  it  would  tend 
to  promote  the  progress  and  illustrate  the 
deductions  of  physical  astronomy.  It  is  some- 
what probable,  reasoning  a  priori,  that  Venus, 
a  planet  nearly  as  large  as  the  earth,  and  in  its 
immediate  neighbourhood,  is  accompanied  by 
a  secondary  attendant 

TYansita  of  Venus, — ^This  planet,  when  in 
certain  positions,  is  seen  to  pass  like  a  round 
black  spet  across  the  disk  of  the  sun.  These 
tranttta,  as  they  are  called,  are  of  rare  occur- 
rence, and  take  pbce  at  intervals  of  8  and  113 
years.  If  the  plane  of  the  orbit  of  Venus  ex- 
actly coincided  with  that  of  the  earth,  a  transit 
would  happen  at  regular  intervals  of  little 
more  than  nineteen  months ;  but  as  one  half 
of  this  .planet's  orbit  is  three  degrees  and  a 
half  below  the  plane  of  the  earth's  orbit,  and 
the  other  half  as  much  above  it,,  a  transit  can 
only  take  place  when  it  happens  to  be  in  one 
of  the  nodes,  or  intersections  of  the  orbits, 
about  the  time  of  its  inferior  conjunction. 
These  transits  of  Venus  are  phenomena  of 
very  great  importance  in  astronomy,  as  it  is 
owing  to  the  observations  which  have  been 
made  on  them,  and  the  calculations  founded 
on  these  observations,  that  the  distance  of  the 
sun  has  been  very  nearly  ascertained,  and  the 
dimensions  of  the  planetary  system  determined 
to  a  near  approximation  to  the  truth.  It  would 
be  too  tedious  to  enter  into  a  particular  explar 
nation  of  the  process  and  calculations  con- 
nected with  this  subject,  and  therefore  I  shall 
only,  in  a  few  worcis,  explain  the  prineipk 
on  which  the  deductions  are  founded.  Sup- 
pose B  A  (Fig.  23)  to  represent  the  earth ; 
r,  Venus;  and  S  the  sun.     Suppose  two 

Fig.  23. 


spectators,  A  and  B,  at  q)poeite  extremi- 
ties of  that  diameter,  of  the  earth  which  is 
perpendicular  to  the  ecliptic ;  then,  at  the  mo- 
ment when  the  observer  at  B  sees  the  centre 
of  the  planet  projected  at  2),  the  observer  at 
A  will  see  it  projected  at  C.  If,  then,  the 
two  observers  can  mark  the  precise  position 
of  Venus  on  the  sun's  disk  at  any  given  mo- 
ment, or  note  the  precise  time  of  ingress  or 
egress  of  the  planet,  the  angular 'measure  of 
(3S8) 


C  D,  as  seen  from  the  earth,  might  be  ascer- 
tained. Since  A  C  and  B  D  ate  straight 
lines  crossing  each  other  at  o,  they  conae* 
quently  make  equal  angles  on  each  side  of 
the  point  v ;  and  C  D  will  be  to  jB  ^  as  the 
distance  of  Venus  from  the  sun  is  to  her  dis- 
tance from  the  earth ;  that  is,  as  68  to  27,  or 
nearly  as  2}  to  1 :  for  Venus  is  68  milliona 
of  miles  from  the  sun,  and  27  millions  from 
the  earth,  at  the  time  of  a  transit  or  an  inferior 
conjunction.  C  Z>,  therefore,  occupies  a  space 
on  the  sun's  disk  2^  times  as  great  as  the 
earth's  apparent  diameter  at  the  distance  of 
the  sun;  or,  in  other  words,  it  is  equal  to  fite 
times  the  sun's  horizontal  parallax ;  and,  there- 
fore, any  error  that  might  occur  in  measuring 
it  will  amount  to  only  one-fifth  of  tbat  error 
on  the  horizontal  parallax  diat  may  be  deduced 
from  it ;  and  it  is  on  the  ground  of  this  parallax 
that  the  distance  of  the  sun  is  determined. 
The  result  of  all  the  observations  made  on  the 
transits  which  happened  in  1761  and  1769 
gives  about  8  j  seconds  as  the  horizontal  pa- 
rallax of  the  sun,  which  makes  his  distance 
95  millions  of  miles.  The  distance  is  con- 
sidered by  the  most  enlightened  astronomers 
as  within  one-fftieth  part  of  the  true  dis- 
tance of  the  sun  from  the  earth ;  so  that  no 
future  observations  will  alter  this  dietanoe  so 
as  to  increase  or  diminish  it  by  more  than 
two  millions  of  miles. 

The  future  transits  of  Venus  for  the  next 
400  years  are  as  follows : 

bonrB.  minutes. 

1874,  December  9th  ...  .4    8  a.m. 

1882,  December  6th  ....  4  16  p.v. 

2004,  June  8th 8  51  a.m. 

2012,  June  6th 1  17  a.m. 

2117,  December  lllh  . . .  2  57  a.m. 

2125,  December  8th  ....  3    9  p.m. 

2247,  June  Ilth 0  21  ».m. 

2255,  June  9th 4  44  a.m. 

Some  of  these  transits  will  last  nearly  seven 
hours.  The  next  two  transits  will  not  ba 
visible  throughout  their  whole  dumtion  in 
Britain  or  in  most  countries  in  Europe.  Such 
was  the  importance  attached  to  the  observa- 
tions  of  the  last  transits  in  1761  and  1769, 
that  several  of  the  European  states  fitted  out 
expeditions  to  different  parts  of  the  world,  and 
sent  astronomers  With  them,  to  make  the  re- 
quisite observations.  This  was  one  end, 
among  others,  of  the  celebrated  expedition  of 
Captain  Cook,  in  1769,  to  the  islands  of  the 
Pacific  Ocean ;  and  the  transit  was  observed 
in  Tahiti,  now  so  celebrated  on  account  of  the 
moral  revolution  which  has  lately  taken  place 
among  its  inhabitants. 

Magnitudet  and  Exteni  of  Surface  on  tkU 
Planet. — The  diameter  of  Venus  has  been 
computed  at  about  7800  miles;  and,  conse- 
quently, its  Bwface  oontutw  191,134,944,  ov 
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above  191  minions  of  square  miles.    Taking,  in  fig.  24  ,the  larger  circle  showing  thjB  sbe  of 

aa  Ibmierly,  the  population  of  England  as  a  the  sun  from  Venus. 

atandaid,  this  planet  would  contain  a  number  p.     ^ . 

of  inhabitants  equal  to  more  than  53,500  ^^'  *^* 
]QiIlion.s  or  nearly  sixty-seven  times  the  popu- 
lation of  our  globe.  It  does  not  appear  that 
any  great  quantity  of  water  exists  uponthia 
planet,  otherwise  there  would  be  a  greater 
contrast  between  the  different  parts  of  its  sur- 
iace,  the  water  piesedting  a  much  darker  hue 
than  the  land.  For,  if  from  a  high  mountain 
we  survey  a  scene  in  which  a  portion  of  a 
large  rirer  of  of  the  ocean  is  contained,  when 

the  sun  is  shining  on  all  the  objects,  we  shall  With  regard  to  the  heat  in  this  planet,  ao» 

find  that  the  water  presents  a  much  daiker  cording  to  the  principles  and  facts  formerly 

appearance  than  the  land,  as  it  absorbs  the  stated  (page  34\  it  may  be  modified  by  the 

greater  part  of  the  rays  of  light,  except  in  a  constitution  of  its  atmosphere  and  the  nature 

few  points  between  our  eyes  and  the  sun,  of  the  substances  which  compose  its  surface, 

where  his  rays  are  reflected  from  the  surface  so  that  its  intensity  may  not  be  so  great  as  we 

of  the  fluid ;   but  these   partial  reflections  might  imagine  from  its  nearness  to  the  sun. 

would  be  altogether  inTisible  at  the  distance  Even  on  the  supposition  that  the  intensity  of 

of  the  nearest  planet.    It  is  pretty  evident,  the  heat  of  any  body  is  inversely  as  the  square 

however,  from  what  has  been  formerly  stated,  of  its  distance  from  the  sun,  it  has  been  calcu- 

that  there  is  a  great  diversity  of  surface  on  lated  that  the  greatest  heat  in  Venus  exceeds 

this  planet;  and  if  some  of  its  mountains  be  the  heat  of  St  Thomas,  on  the  coast  of  Gui- 

mare  than  twenty  miles  in  elevation,  they  may  nea,  or  of  Sumatra,  ai)out  as  much  as  the 

present    to    view  objeets  of  sublimity  and  heat  in  those  places  exceeds  that  of  the  Ork- 

grandeur,  and  fix>m  their  summits  extensive  ney  Islands  or  that  of  the  city  of  Stockholm ; 

and  diversified  {Mrospects  of  which  we  can  and,  therefore,  at  60  degrees  north  latitude  on 

form  no  adequate  conception.    So  that  Venusy  that  planet,  if  its  axis  were  perpendicular  to 

although  a  small  fraction  smaller  than  the  the  plane  of  its  orbit,  the  heat  would  not  ex- 

ewth,  may  hold  a  rank  in  the  solar  system  and  ceed  the  greatest  heat  of  the  earth,  and,  of 

in  .the  emigre  of  the  almighty,  in  point  of  course,  vegetation  like  ours  could  be  carried 

p<^lation  and  sublimity  of  scenery,  far  sur-  on,  and  animals  of  a  terrestrial  spedes  might 

passing  that  of  the  world  in  which  we  dwell,  subsist    But  we  have  no  need  to  enter  into 

Having  dwelt  so  long  on  the  phenomena  such  calculations  in  order  to  prove  the  habtta- 

of  this  planet,  I  shall  state  only  the  following  btlity  of  Venus,  since  the  Creator  has,  doubt- 

additkmai  particulars :  The  quantity  of  light  less,  in  this  as  well  as  in  every  other  case, 

on  Venus  is  nearly  twice  as  great  as  that  on  adapted  the  structure  of  the  inhabitant,  to  the 

*he  earth,  which  will,  doubtless,  have  the  ef-  nature  of  the  habitation. 

feet  of  causing  all  the  colours  reflected  from  In  addition  to  the  above,  the  following  facts 

the  different  parts  of  the  scenery  of  that  planet  may  be  stated :  Venus  revolves  in  an  orbit 

to  present  a  more  vivid,  rich,  and  magnificent  which  is  433,800,000  of  miles  in  circumference 

appearance  than  with  us.    Is  is  probable,  too,  in  the  space  of  224  days  16  hours ;  its  rate  of 

that  a  great  proportion  of  the  objects  on  its  smv  motion  is  therefore  ab<Hit  eighty  thousand  miles 

ftce  are  fitted  to  reflect  the  solar  rays  with  every  hour,  <me  thousand  three  hundred  and 

peculiar  splendour ;  for  its  tight  is  so  intense  thirty  miles  every  minute,  and  above  twenty- 

as  to  be  distinctly  seen  by  telescopes  in  the  two  miles  every  second.    Its  distance  from  the 

daytime ;  and,  during  night,  the  eye  is  so  sun  is  68  millions  of  miles ;  and  its  distance 

overpowered  by  its  brilliancy  as  to  prevent  its  from  the  earth,  when  nearest  us,  is  about  27 

surfiu»  and  margin  from  being  distinctly  per-  millions  of  miles,  which  is  the  nearest  ap- 

oelvcd.  Were  we  to  indulge  our  imaginations  proacb  that  any  of  the  heavenly  bodies  (except 

on  this  subject,  this  circumstance  might  lead  the  moon)  make  to  the  earth.    Yet  this  dis- 

xt»  to  form  various  conceptions  of  the  glory  tance,  when  considered  by  itself,  is  very  great ; 

and  magnificence  of  the  diversified  objects  for  it  would  require  a  camion  ball  six  years 

which  may  be  presented  to  the  view  of  the  in-  and  three  months  to  move  from  the  earth  to 

tellectual  beings  who  inhabit  this  wodd ;  but,  the  nearest  point  of  the  orbit  of  Venus,  al- 

in  the  mean  time,  we  have  no  suflScient  data  though  it  were  flying  every  moment  at  the 

to  warrant  us  in  indulging  in  conjectural  rate  of  500  miles  an  hour,  or  12,000  miles  a 

speculations.    The  apparent  size  of  the  sun  day.  Were  the  enlightened  hemisphere  of  the 

IM  seen  from  Venus,  compared  with  his  mag-  planet  turned  to  the  earth  when  it  is  in  this 

i^h*^  as  seen  from  the  earth,  is  represent^  nearest  point  of  its  orbit,  it  would  appear  like 
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a  brilliant  moon,  twenty-five  timea  larger  than  occopj  a  space  larger  than  all  the  heavenlj 
it  generally  does  to  ^e  naked  eye  ;  but  at  orbs,  yet  it  is,  in  fact,  almost  infinitely  smaller, 
that  time  its  light  side  is  turned  to  the  sun  and  and  holds  a  rank  only  with  the  smallei 
away  from  the  earth.  At  its  greatest  distance  bodies  of  the  universe ;  and,  although  it  ap* 
from  us  it  is  163  millions  of  miles  from  the  pears  to  the  eye  of  sense  immovably  fixed  tn 
earth.  The  period  of  its  greaiest  brigkinesa  the  same  position,  yet  it  is,  in  reality,  flying 
is  when  it  is  about  forty  degrees  from  the  sun,  through  the  ethereal  spaces  at  the  rate  of  more 
either  before  or  after  its  inferior  conjunction,  than  a  thousand  miles  eveiy  minute,  as  we 
at  which  time  there  is  only  about  oncfinirth  have  already  demonstrated.  The  ^figure  of 
part  of  its  disk  that  appears  enlightened.  In  the  earth  is  now  afloertaiued  to  be  that  of  an 
this  position  it  may  sometimes  be  seen  with  oblate  sphertnd,  very  nearly  approaching  to 
the  naked  eye  even  amid  the  splendours  of  the  figure  of  a  globe.  An  orange  and  a  com« 
noonday.  In  the  evening  it  casts  a  distinct  mon  turnip  are  oblate  spheriods,  and  are  fre* 
shadow  on  a  horizontal  plane.  Sir  John  quently  exhibited  to  illustrate  the  figure  of 
Herschel  remarks,  that  this  shadow,  to  be  dis-  the  earth.  But  they  tend  to  convey  an  erro- 
tmguished,  "  must  be  thrown  upon  a  white  neous  idea ;  for,  although  a  spheroid  of  ten 
ground.  An  open  window  in  a  whitewashed  feet  diameter  were  constructed  to  exhibit  the 
room  is  the  best  exposure ;  in  this  situation  I  true  figure  of  the  earth,  no  eye  could  distin- 
have  observed  not  only  the  shadow,  but  the  guish  the  difierence  between  such  a  spheroid 
difihicted  fringes  edging  its  outline.''  The  and  a  perfect  globe,  since  the  difference  of  its 
density  of  Venus  compared  with  that  of  the  two  diameters  would  scarcely  exceed  one 
sun  is  as  1  to  383,137,  according  to  La  third  of  an  inch;  whereas,  if  its  diameters 
Place's  calculations,  while  that  of  the  earth  is  bore  the  same  proportion  to  each  other  as  the 
as  1  to  329,630 ;  so  that  the  earth  is  some-  two  diameters  of  an  orange  generally  do,  its 
what  denser  than  Venus.  A  body  weighing  polar  diameter  would  be  nearly  one  foot  three 
one  pound  on  the  earth  will  weigh  only  15  oz,  inches  shorter  than  its  equatorial. 
10  dr.  on  the  surface  of  Venus.  The  ecceri'  Before  the  time  of  Newton  it  was  never 
triciiy  of  the  orbit  of  Venus  is  less  than  that  suspected  that  the  figure  of  the  earth  difilered 
of  any  of  the  other  planets ;  it  amounts  to  in  any  degree  from  that  of  a  perfect  sphere, 
492,000  miles,  which  is  only  the  1-276  part  of  excepting  the  small  inequalities  produced  by 
the  diameter  of  its  orbit,  which,  consequently,  the  mountains  and  vales.  The  first  drcum- 
approaches  very  nearly  to  a  circle.  The  in-  stance  which  led  to  the  determination  of  its 
chnation  of  its  orbit  to  the  ecliptic  is  3°  23'  true  figure  was  an  accidental  experiment  made 
33'^.  Its  mean  apparent  diameter  is  17'',  and  with  a  pendulum  near  the  equator.  M.  Richer, 
its  greatest  about  57  j".  Its  greatest  elonga-  a  Frenchman,  in  a  voyage  made  to  Cayenne, 
tion  from  the  sun  varies  from  45°  io  47°  12'.  which  lies  near  the  equator,  found  that  the 
Its  mean  arc  of  retrogradation,  or  when  it  pendulum  of  his  clock  no  longer  made  its  vi- 
movcs  from  east  to  west  contraiy  to  the  order  brations  so  frequently  as  in  the  latitude  of 
of  the  signs,  is  16^  12',  and  its  mean  dura-  Paris,  and  that  it  was  absolutely  necessary  to 
tion  forty-two  days,  c^mmehcing  or  ending  Morten  it  in  order  to  make  it  agree  with  the 
when  it  is  about  28°  46'  distant  from  the  sun.  times  of  the  stars  passing  the  meridian.  Some 
Such  is  a  condensed  view  of  most  of  the  years  after  this,  Messrs.  Deshayes  and  Varin, 
facts  in  relation  so  Venus  which  may  be  con-  who  were  sent  by  the  French  king  to  make 
sidered  as  interesting  to  the  general  reader.        certain    astronomical   observations  near  the 

equator,  found  that  the  pendulum  at  Cayenne 
m.or™iA«TH,co«iDKBBDA8AWA«T.   ^^^  148  vibratious  lisfl  in  a  day  than  at 

In  exhibiting  the  scenery  of  the  heavens,  Paris,  and  that  his  clock  was  retarded  by  that 
it  is  not  perhaps  absohitely  necessary  to  enter  means  two  minutes  twenty-eight  seconds ;  and 
into  any  particular  description  of  the  earth ;  was  obliged  to  make  his  pendulum  shorter  by 
but  as  it  is  the  only  planetary  body  vrith  which  two  lines,  or  the  sixth  port  of  a  Paris  inch,  in 
we  are  intima^ly  acquainted,  and  the  only  order  to  make  the  time  agree  with  that  de- 
standard  by  which  we  can  form  a  judgment  of  duced  from  celestial  observations.  Similar 
the  other  planetary  globes,  and  as  it  is  con-  experiments,  attended  with  the  same  results, 
nected  with  them  ua  the  same  system,  it  may  were  made  at  Martinique,  St  Domingo,  St. 
be  expedient  to  state  a  few  facts  in  relation  to  Helena,  Goree,  on  the  coast  of  Afirica,  and 
its  figure,  motion,  structure,  and  general  ar-  various  other  places,  in  all  which  it  was  found 
rangements.  that  the  alteration  was  the  greatest  under  the 

The  earth,  though  apparently  a  quiescent  equator,  and  that  it  diminished  as  the  observer 

body  in  the  centre  of  the  heavens,  is  suspend-   approached  the  northern  latitudes.    This  dis- 

ed  in  empty  space,  surrounded  on  all  sides  by   oovery,  trifling  as  it  may  at  first  sight  appear^ 

2he  celestial  luminaries  and  the  spaces  of  the   opened  a  new  field  of  investigation  to  philoso- 

firmameut   Though  it  appears  to  our  view  to  phic  minds :  and  there  are,  perhaps,  few  facte 
(390  »i-     »-» 
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diroiigluMit  the  range  of  science  from  which  and  La  Condamine  to  Peru,  In  South  Ame* 
m  many  curioua  and  important  facts  have  rica.  The  first  of  these  companies  began  their 
been  dedooed.  Sir  Isaac  Newton  and  M.  operations  at  Tornea,  near  the  Gulf  of  Both- 
Haygens  were  among  the  first  who  perceived  nia,  in  July,  1736,  and  finished  them  in  June, 
the  extensive  application  of  this  discovery,  1737.  Those  who  were  sent  to  Peru,  liaving 
and  the  important  results  to  which  it  might  greater  difficulties  to  encounter,  did  not  finish 
lead.  Newton,  whose  penetrating  eye,  traced  their  survey  till  the  year  1741.  The  results 
the  fiict  through  all  its  bearings  and  remote  of  these  measurements  were,  that  a  degree  of 
consequences,  at  once  perceived  that  the  earth  the  meridian  in  Lapland  contains  344,637 
must  have  some  other  figure  than  what  was  French  feet,  and  a  degree  of  the  meridian  at 
commonly  sappooed,  and  demonstrated  that  the  equator  340,606 ;  so  that  a  degree  in  Lap- 
this  diminution  of  weight  naturally  arises  from  land  is  4021  French  feet,  or  4280  English 
the  earth*8  rotation  round  its  axis,  which,  ac^  feet,  longer  than  a  degree  at  the  equator ;  that 
cofding  to  the  laws  of  drcuku  motion,  repels  is,  they  difier  about  six  and  a  half  English 
all  heavy  bodies  firom  the  axis  of  motion ;  so  furlongs,  or  8-lOth  of  a  mile.  But  if  the  earth 
that,  this  motioa  being  swifter  at  the  equator  had  been  a  perfect  sphere,  a  degree  of  the 
than  in  other  parts  more  remote,  the  weight  meridian  in  every  latitude  would  have  been 
of  bodies  mast  also  be  less  there' than  near  the  found  precisely  of  the  same  length.  This 
poles.  AH  heavy  bodies,  when  left  to  them-  spheroidal  figure  is  not  peculiar  to  the  earth ; 
reives,  fidl  towards  the  earth  in  lines  perpen-  for  the  planets  Saturn,  Jupiter,  and  Mars  are 
dicniar  to  the  horizon ;  and,  were  those  hues  likewise  found  to  be  spheroids,  and  some  ot 
oontinoed,  they  would  all  pass  through  the  them  much  flatter  at  the  poles  than  the  earth, 
earth's  centre,  Eveiy  pait  of  the  earth,  there-  The  difii^rence  between  the  polar  and  equa- 
fine,  gravitates  towards  the  centre  ;  and  as  this  torial  diameters  of  Jupiter  is  more  than  6000 
force  is  found  to  be  about  289  times  greater   miles. 

than  that  which  arises  from  the  rotation  ot  From  the  circumstances  stated  above,  we 
the  earth,  a  certain  balance  will  constantly  be  may  learn  that  the  most  minute  facts  connected 
maintained  between  (hem,  and  the  earth  will  with  the  system  of  nature  ought  to  be  care- 
aasume  such  a  figure  as  would  naturally  result  fully  observed,  investigated,  and  recorded,  as 
from  the  difference  of  these  two  opposite  they  may  lead  to  important  conclusions,  which, 
feroes.  From  various  oonsiderati/»ns  and  cir-  at  first  view,  we  may  be  unable  to  trace  or  to 
omistance^of  this  kind,  Newton  founded  his  appreciate ;  for  in  the  system  of  the  material 
•oMime  calculations  on  this  subject ;  and,  as  world,  the  greatest  and  most  sublime  effects 
Fontenelle  remarks,  '^  determined  the  true  are  sometimes  produced  from  apparently 
l^re  of  the  earth  without  leaving  his  ellww-  simple  and  even  trivial  causes.  Who  could 
chair.**  have  imagined  that  such  a  simple  circumstance 

Newton  and  Huygens  were  both  engaged  as  the  retardation  of  clocks  in  southern  climes, 
in  these  investigations  at  the  same  time,  un-  and  the  shortening  or  lengthening  of  a  pendu- 
known  to  eadi  other,  but  the  results  of  their  lum,  would  lead  to  such  an  important  disco- 
calcolations  were  neariy  alike.  They  demon-  "very  as'  the  spheroidal  figure  of  the  earth  ? 
strated,  from  the  known  laws  of  gravitation.  Hence  we  may  conclude,  that  if  ten  tl)o,isands 
that  the  true  figure  of  the  earth  was  that  of  an  of  rational  observers  of  the  facts  of  nature 
oblate  spheroid,  flattened  at  the  poles,  and  pro-  were  to  be  added  to  those  who  nov  exist, 
tuberant  at  the  equator;  that  the  proportion  many  parts  of  the  scenery  of  the  uiiiverse 
between  its  polar  and  equatorial  diameters  is  which  are  now  involved  in  darkness  and  my- 
w  229  to  230,  and,  consequently,  that  the  Btery  might  ere  long  be  unfolded  to  our  view. 
polar  diameter  is  shorter  than  the  equat-orial  Generul  Aspect  of  the  Earth's  Surface, — 
by  about  thirty-four  miles.*  If  these  deduc-  The  most  prominent  and  distinguishmg  fea- 
tions  be  nearly  correct,  it  follows  that  a  degree  ture  of  the  surface  of  our  globe  is  the  two 
of  latitude  in  the  polar  regions  must  measure  bands  of  land  and  of  water  into  which  it  is 
more  than  a  degree  near  the  equator.  To  divided.  These  bands  present  a  somewhat 
determine  this  point  by  actual  measurement,  irregular  appearance  and  form,  but  their 
it  was  ordered  by  the  French  king  that  a  de-  greatest  length  is  from  north  to  south.  One 
gree  should  be  measured  both  at  the  equator  of  these  bends  of  land,  generally  denominated 
and  within  the  polar  circle.  Messrs.  Mauper-  the  eastern  continent,  comprehends  Europe, 
tuia,  Clairaut,  and  others  were  sent  to  the  Afiica,  and  Asia,  and  extends  firom  the  Cape 
north  of  Europe,  and  Messrs.  Bouger,  Godin,    of  Good  Hope  on  the  south  to  the  north-cast- 

♦  From  a  eompari.on  of  the  lensth  of  different  «™  «»t«m>ty/  Kamlsc|iattia,  in  which  direc- 
4enee«  of  ihe  meridian,  lately  measured,  it  is  tion  its  length  measures  about  10,000  nulcs. 
yrobftUe  that  the  difference  of  the  diameters  is    Its  greatest  breadth  from  Corea,  or  the  eastern 

!E!:;**U*TL*H*-cSi*'«fi-!l*iti  wl''n!?«""^**I    P»^  of  Chinese  Tartarv,  to  the  western  ex- 

tisroeter  is  about  4934  miles,  and  Its  polar  about    IT    ..      c  kc  %^    a  nnru-k     -i         mu 

—  tremity  of  Afiica,  is  about  9000  miles.    The 
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other  band  of  earth  is  the  toestem  continent,  trophe,  thej  may  have  been  rent  amnder  \tf 

comprcbending  North  and  South  America,  ly-  some  tremendous  power,  when  the  waters  of 

ing  between  the  Atlantic  on  the  east  and  the  the  ocean  rashed.  in  between  them,  and  left 

Pacific  ocean  on  the  west  Its  greatest  length  them  separated  as  we  now  behold  them.  That 

is  about  8000  miles  from  north  to  south,  and  powsr  which  is  said  to  **  remove  mountains,** 

its  greatest  breadth,  from  Nootka  Sound  to  which  **  shaketh  the  earth  out  of  her  place,'' 

Newfoundland,  North    America,  and    £rom  and  causeth  **  the  pillars  thereof  to  tremble,** 

Cape  Blanco  to  St  Roque,  South  America,  is  is  adequate  to  produce  such  an  efiect;  and 

about  8000  miles.    Besides  these  two  larger  effects  equally  stupendous  appear  to  have 

bands  of  land,  there  is  the  large  island  of  New  been  produced  when  the  waters  of  the  great 

Holland,  which  is  2600  miles  long  and  2000  deep  covered  the  tops  of  the  highest  moun- 

broad,  which  might  be  reckoned  a  third  con-  tains,  when  the  solid  strata  of  the  earth  were 

tinent ;  along  wiUi  many  thousands  of  islands,  bent  and  disrupted,  and  rocks  of  enormous 

of  every  form  and  size,  which  are  scattered  nze  transported  from  one  region  of  the  earth 

throughout  the  different  seas  and  oceans.  The  to  another.    There  appears  no  great  improba- 

wh(^e  of  these  solid  parts  of  our  globe  com-  bility  in  the  supposition  that  such  an  event 

prebends  an  area  of  about  forty-nine  millions  may  have  taken  place  at  the  universal  deluge^ 

of  square  miles,  or  about  one  -fourth  of  the  when  the  original  constitution  of  the  globe 

superficies  of  the  terraqueous  globe,  which  seems  to  have  undergxme  a  dreadful  change 

contains  about  one  hundred  and  ninety-seven  and  disarrangement 

millions  of  square  miles.  Were  all  these  por-  Between  the  two  continents  now  mentioned 
tions  of  the  land  peopled  with  inhabitants  in  are  two  immense  bands  of  water,  extending 
the  same  proportion  as  in  England,  the  popu-  nearly  from  the  northern  to  the  southern  ex- 
latioQ  of  the  globe  would  amount  io  thirteen  tremities  of  the  globe,  one  of  which  is  10,000, 
thousand  seven  hundred  and  twenty  millions  and  the  other  3,000  miles  broad.  These  vast 
of  human  beings,  which  is  more  than  seven-  collections  of  water  surround  the  omtinents 
teen  times  its  present  number  of  inhabitants,  and  islands,  and  form  numerous  seas,  straits, 
Yet,  strange  to  tefl,  this  world  has,  in  all  ages,  gulfs,  and  bays,  which  indent  and  divendfy 
been  the  scene  of  wars,  bloodshed,  and  con-  the  coasts  through  every  region  of  the  earth, 
tests  for  small  patches  of  territory,  although  They  occupy  a  square  surface  of  148,000,000 
the  one  seventeenth  part  of  it  is  not  yet  inhar  of  miles,  ^rming  about  three-fourths  of  the 
bited  I  Bur&ce  of  the  globe,  and  containing  about 
There  is  a  striking  correspondence  between  296,000,000  of  cubical  miles  of  water,  su/fi- 
two  sides  of  the  two  continents  to  which  we  cient  to  cover  the  whole  globe  to  the  depth  of 
have  adverted,  the  prominent  parts  of  the  one  2600  yards.  This  vast  superabundance  of 
corresponding  to  the  indentings  of  the  other,  water,  compared  with  the  quantity  of  land,  it 
If  we  look  at  a  teA^strial  globe  or  map  of  the  is  probable,  is  peculiar  to  our  globe,  and  that 
world,  we  shall  perceive  that  the  projection  of  no  such  arrangement  exists  on  the  surface  of 
the  eastern  coast  of  Africa  nearly  corresponds  the  other  planets  of  our  system.  It  is  proba- 
with  the  opening  between  North  and  South  ble  that  such  an  extensive  ocean  did  not  exist 
America,  opposite  to  the  Gulf  of  Mexico ;  at  the  period  of  the  onginal  formation  of  the 
that  the  projection  in  South  America,  about  earth,  and  that  such  a  disproportionate  accu- 
Cape  St  Roque  and  St  Salvador,  nearly  cor-  mutation  of  water  took  place  in  consequence 
responds  widi  the  opening  in  the  Gulf  of  of  the  deluge.  The  present  constitution  of 
Guinea ;  so  that,  if  we  could  conceive  the  two  the  earth,  and  the  disproportioa  of  the  water 
continents  brought  into  contact,  the  openings  to  the  dry  land,  are  circumstances  mora 
to  which  I  have  referred  would  be  nearly  filled  adapted  to  a  race  of  fiillcn  intelligences  than 
up,  so  as  to  form  one  compact  continent  to  beings  in  a  state  of  innocence,  and  adorned 
The  Gulf  of  Guinea  would  be  nearly  blocked  with  the  image  of  their  Creator, 
up  with  the  eastern  projection  of  South  Ame-  Besides  the  circumstances  now  stated,  the 
rica,  and  a  large  gulfformed  between  Brazil  and  earth  is  diverrafied  with  extensive  ranges  of 
the  land  to  the  eastward  of  the  Cape  of  Good  mountains,  which  stretch  in  difierent  diree- 
Hope.  The  Gulf  of  Mexico  would  be  formed  tions  along  the  continents  and  islands,  rearing 
into  a  kind  of  inland  lake,  and  Nova  Scotia  their  summits,  in  some  instances,  several  milen 
and  Newfoundland  would  block  up  a  portion  above  the  level  of  the  ocean,  and  diversifying 
of  the  Bay  of  Biscay  and  the  English  Chan-  in  various  modes  the  landscape  of  the  earth, 
nel,  while  Great  Britain  and  Ireland  would  From  these  mountains  flow  hundreds  of  ma- 
block  up  the  entrance  to  Davis's  Straits.  A  jestic  rivers,  some  of  them  more  than  2000 
consideration  of  these  circumstanceis  renders  miles  in  length,  fertilizing  the  countries 
it  not  altogether  improbable  that  these  conti-  through  which  they  flow,  and  forming  a  me- 
ueots  .were  originally  conjoined,  and  that,  at  diura  of  communication  between  the  inland 
some  former  physical  revolution  or  cotaa-  countries  and  the  ocean.  The  atmosphere  it 
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ib««n  aiaund  th«  whole  of  thi«  lerraqueoiu  eomeinloriewBJiJdiTeTOfytlieicene,hsTing 
man,  h]i  ineuu  of  nhich.  and  the  operation  a  poition  of  (he  Pacific  on  the  e&M,  and  Iha 
of  the  aolnr  heat,  a  portion  of  the  ocean  is  Indian  Ocean  and  a  portioii  of  Africa  on  the 
carried  up  to  the  region  of  the  clouds  in  the  west  In  another  rii  hours  the  whole  of 
Ibnn  of  vapour,  which  diffuse*  jtaetf  over  Africa  and  Europe,  the  AllanCic  Ocean,  and 
nciy  region  of  the  earth,  and  is  again  con-  the  eaalem  port  of  South  America,  would 
densed  into  rains  and  dews,  to  supply  the  mike  their  appearance;  am!  in  sii  hours 
sources  of  the  rivera,  and  to  dUtiibulo  fertihiy  more  the  whole  of  North  and  South  A  merica 
Ihrooghoul  enrj  land.  This  atmosphere  is  would  appear  near  the  centre  of  the  view, 
ttw  region  of  the  tamd*,  whether  &nmng  the  having  the  Atlantic  Oi:ean  on  the  cast  and 
earth  with  gentle  breezes,  or  hearing  Ibe  the  Pacific  on  the  west.  All  Ihcie  views 
ocean  into  moantainous  billowi.  and  over-  would  present  a  considerable  variety  of  aspect, 
tunung  forests  by  hnnicancs  and  tornadoes.  Wt  in  every  one  of  Ibetn  the  darker  shades 
It  is  the  theatre  where  thunders  roll  and  light-  would  appear  to  cover  (he  greater  part  of  ihn 
nings  flash,  where  the  fiery  meteor  sweeps  view,  except,  perhaps,  in  that  view  which 
along  with  iU  luminous  train,  and  where  the  lakea  in  the  whole  of  Asia  and  part  of  Africa 
aurora  boreaka  display  their  fantastic  corns-  and  Europe.  Each  of  these  views  occaston- 
rationa.  It  is  constituled  by  a  law .  of  the  all;  present  a  mottled  and  unstable  appear- 
Creator  to  suelain  the  pnndple  of  life,  and  to  ance,  on  account  of  the  numerous  strata  of 
presen'e  in  eiislence  and  in  comfort  not  only  clouds  suspended  over  diflcrenl  regions,  which 
man,  but  all  the  tribee  of  animated  existence  would  be  seen  irequeutly  to  shift  tbeir  pori- 
which  traverse  the  regions  of  earth,  air,  or  tiona.  These  clouds,  when  dense,  and  acrumu- 
■ea,  without  the  benign  inSuence  of  which  laled  over  particular  countries,  would  prevent 
this  globe  would  be  soon  left  without  a  living  certain  portions  of  the  land  and  water  from 
InbabilanL  being  distinctly  perceivetl.  They  would  some- 
Were  the  earth  to  be  viewed  from  a  point  times  appear  Uke  brit^t  spolaupon  the  ocean, 
in  the  heavens,  suppose  from  the  moon,  it  by  the  leflection  of  die  solar  rays  from  their 
would  preaent  a  pretty  variegated,  snd  some-  upper  aurfeces,  and  sometimes  like  dark  spola 
times  a  mottled  appearance.  Tbe  diatinction  over  ^e  land.  The  following  figures  repre- 
belwecn  its  seas,  oceans,  continents,  and  sent  two  of  the  views  to  which  we  have  al- 
irtands  wonld  be  clearly  marked,  which  would  luded  : 

appear  like  brighter  and  darker  spots  upon  its  Fig.  SS.  Pig.  S6. 
disk.  The  continents  would  appear  bright, 
and  the  ocean  of  a  darker  hue,  tccause  water 
absorbs  the  greater  part  of  the  solar  light  that 
&Ils  upon  it.  The  level  plains  (eicepting, 
peihapt,  auch  spots  as  the  Aiabian  desaria  of 
aanda)  would  appear  of  a  somewhat  darker 
ctdour  than  the  more  elevated  and  mountain- 
ous regions,  a*  we  find  to  be  the  case  on  the 
surface  of  the  moon.  The  islands  would  ap- 
pear like  small  bright  specks  on  Ibe  darker 

surface  of  the  oceon;  and  tholakessnd  Mcdi-  Fig.  25,  repreMnts  die  appeaiante  of  the 

tennean   seas   like  darker  spots,  or  broad  earth  when  the  middle  of  the  Pacific  is  in  the 

Mmka  intcTKCting  the  brighter  parts  or  the  centre  of  the  view.    Fig.  26,  is  the  appear- 

land.     By  its  revoludon  round  its  axis,  sue-  ance  when   tbe  Atlantic  is  preseoteil  lo  the 

ce«ve  portions  of  id  surface  would  be  brought  apcctatoi's  eye,  with  South  and  part  of  North 

into  view,  and  preaent  a  different  aspect  from  America  on  the  west,  and  Europe,  Africa,  and 

the   pmrta   which   preceded.     Were  the  first  a  portion  of  Asia  on  the  east 

view  Uken  when  the  middle  of  the  Pacific  Inlcmai  Siruciure  of  the  Earth^-Vfe  are 

Ocean    appeared    in    the   ceniro,  almost  the  now  pretty  well  acquainted  with  the  general 

whole  hrmiitphere  of  the  earth  would  present  outline  of  the  surface  of  the  earth,  and  the 

a  dull  and  sombre  aspect,  except  a  few  small  diflerent  ramifications  of  land  and  water  with 

spots  neor  the  middle,  where  the  Marquesas,  which  it  is  diversified,  eicept  those  regions 

the    Sandwich,   and    the    Sodety   Islea   are  which   lie  adjacent    Ui  (he    poles,     Bui  our 

Bloated,  and  aome  bright  streaks  on  its  north-  knowledge   of  its  initmal  structure   is  ei- 

eastem,  north-western,  and  south-western  bor-  tiemely  limited.     Tbe  deepest  mines  that  have 

dera,  where  the  north-western  partflof  America,  ever  been  eicavated  do  not  descend  above  a 

the  mxth-caslem  parts  of  Asia  and  New  Hoi-  mile  from  (he  surfkcut  and  this  depth  is  no 

land  are  situated.     In  about  mi  hours  after-  more,  compared   with  tbe   thickness  of  the 

ward  the  whole  of  Ana,  with  its  large  Isbuids,  earth,  Uisn  tbe   slight  scratch  of  a  pin  upon 

Bomao   Suoiatra,  New  Outnea,  &c^  would  a  large  arlifidal  ^obe  compared  with  the  ex- 
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tent  of  its  semidumeter.    What  spedes  of  liiat  the  bed  of  the  oceao  has  been  raiaed  ii|v 

materials  are  to  be  found  two  or  three  thou-  by  the  operation  of  some  tremendous  power, 

sand  miles  within  its  surface,  or  even  within  so  as  to  form  a  portion  of  the  habitable  surface 

fifty  miles,  will,  perhaps,  be  for  ever  beyond  of  the  globe;  and  that  the  loftiest  mountains 

the  power  of  mortals  to  determine.    Various  were  once  covered  by  the  waters  of  the  ocean, 

researches,  however,  have  been  lately  made  From  these  and  other  considerations  we  have 

as  to  the  materials  which  compose  its  upper  reason  to  believe  that  the  earth  now  presents 

strata,  immediately  beneath  the  surfiice,  and  a  very  different  aspect  from  what  it  did  when 

the  order  in  which  they  are  arranged.    From  it  first  proceeded  from  the  creating  hand  of  its 

these  researches  we  learn  that  substances  of  Maker,,  and  when  all  things  were  pronounced 

various  kinds  compose  the  exterior  crust  of  by  liim  to  be  '*  very  good.''    The  earth,  there- 

the  globe,  and  that  they  are  thrown  together  fore,  as  presently  constituted,  ought  not  to  be 

in  almost  every  possible  position;  some  hori-  considered  as  a  standard  or  model  to  be  com- 

zontal,  some  vertical,  and  some  inclined  to  pared  with  the  other  planets  of  our  system, 

each  other   at    various  angles.     Geologists  and  by  which  to  judge  whether  they  appear 

have  arranged  the  strata  of  the  crust  of  the  to  be  fittixl  for  being  the  abodes  of  intelligent 

earth  into  various  classes :  1.  Primary  rocks,  beings.    For,  in  its  present  state,  notwith- 

which  are  supposed  to  have  been  formed  be-  standing  the  numerous  objects  of  sublimity 

fore  all  the  others,  and  which  compose,  as  it  and  beauty  strewed  over  its  surface,  it  can  be 

were,  the  great  frame  or  groundwork  o(  our  considered  as  little  more  than  a  majestic  ruin ; 

globe.    These  rocks  are  composed  of  granite^  a  ruin,  however,  sufficiently  accommodated  to 

fffieiSf  mica-slate,  and  other  substances ;  they  the  character  of  the  majority  of  inhabitants 

form  the  most  lofiy  mountains,  and,  at  the  who  have  hitherto  occupied  its  surface,  whoee 

same  time,  extend  Jhemselves  downward  be-  conduct,  in  all  ages,  has  been  marked  with 

neath  all  the  other  formations,  as  if  all  the  injustice,  devastation,  and  bloodshed, 
materials  on  the  sur&ce  of  the  globe  rested       Density  of  the  earth. — In  the  year  1773, 

Q])on  them  as  a  basis.    2.  Transition  rocks,  Br.  Moskeline,.  the  astronomer  royal,  with 

which  are  above  the  primitive,  and  rest  upon  other  gentlemen,  made  a  number  of  observa- 

them,  and  are  composed  of  the  larger  frag-  tions  on  the  mountain  Schehallien,  in  Scot* 

ments  of  the  primary  rocks,  consolidated  into  land,  to  determine  the  attraction  of  moun" 

continuous  masses.    These  rocks  contain  the  tains.    After  four  months  spent  in  the  necee- 

remains  of  certain  organized  beings,  such  as  sary  arrangements  and  observations,  it  was 

sea-shells,  while  no  such  remains  are  found  ascertained  beyond  dispute  that  the  mountain 

among  the  rocks  termed  primitive.    3.  iS^-  exerted  a  sensible  attraction,  leaving  no  hesi- 

eondary  rocks,  which  lie  upon  the  primary  tation  as  to  the  conclusion  that  every  moun- 

and  transition  rocks,  and  which  appear  like  tain  and  every  particle  of  earth  is  endowed 

depositee  from  the  other  species  of  rocks,  with  the  same  property  in  proportion  to  its 

The  substances  which  this  class  of  rocks  con-  quantity  of  matter.    The  observations  were 

tain   are    secondary  limestone,  coal,  oolite,  made  on  both  sides  of  the  mountain,  and  from 

sandstone,  and   chalk.    There  are   likewise  these  it  appears  that  the  sum  of  the  two  con- 

tertiary,  basakic,  and  volcanic  rocks,  and  al-  trary  attractions  exerted  upon  the  plumbline 

luvial  and  diluvial  deposites.     But  it  would  of  the  instruments  was  equal  to  eleven  seconds 

be  foreign  to  our  present  subject  to  descend  and  a  hal£    Professor  Playfair,  more  than 

into  particulars.  tliirty  years  afterward,  from  personal  observa* 

From  facts  which  have  been  ascertained  tion,  endeavoured  to  determine  the  specific 

respecting  these  and  various  other  circum-  gravity  or  density  of  the  materials  of  which 

stances  connected  with  the  constitution  of  the  Schehallien  is  composed,  and,  after  numeromi 

earth,  it  has  been  concluded  that  important  experiments  and  calculations,  it  was  concluded 

changes   and   astonishing   revolutions   have  that  "  the  mean  density  of  the  earth  is  nearly 

taken  place  in  its  physical  structure  since  double  the'density  of  the  rocks  which  compora 

the  period  of  its  formation ;  that  rocks  of  a  that  mountain,"  which  seem  to  be  considerably 

huge  size  have  been  rolled  from  one  region  more  dense  than  the  mean  of  those  which  form 

of  the  globe  to  another,  and  been  carried  up  the  exterior  crust  of  the  earth.    The  density 

even  to  the  tops  of  hills  and  elevated  portions  of  these  rocks  was  reckoned  to  be  two  and  a 

of  the  land ;  that  tlie  hardest  masses  of  its  half  times  the  weight  of  water ;  consequently 

rocks  have  been  fractured,  and  its  strata  bent  the  density  of  the  earth  is  to  tluit  of  water  as 

and  dislocated ;  that  in  certain  places  sea-  five  to  one ;  that  is,  the  whole  earth,  bulk  for 

shells,  sharks'  teeth,  the  bones  of  elephants,  bulk,  is  Jive  times  the  weight  of  toater,  so 

the  hippopotamus,  ox9n,  deer,  and  other  ani-  that  the  earth,  as  now  constituted,  would 

mals,  are  found  mingled  together,  as  if  th^y  counterpoise   five   globes  of  the  same  size 

had  been  swept  along  by  some  overpowering  composed  of  the  same  specific  gravi^  as 

force,  amid  a  general  convulsion  of  nature ;  water.    As  the  mean  density,  therefore,  ol 
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Ifaewltoleeaitli'Bnirftce.ineluilingtheocein,   orbil;  but  it  is  not  npon  thk 

(MMt  be  abore  twice  the  denaily  of  nater,   tb*t  Hm  kuoiib  depend.    For  on  the  Grst  of 

it  Wlowe  that  the  mttriar  of  the  eerth  maBt   January  wo  bib  more  th^n  three  millions  of 

luTe  a  moch  gnatet  deneily  than  even  fi««   miles  nearer  the  aun  than  on^the  fivt  of  Jul;, 

times  the  weight  of  wafer,  to  rounlerbalance    when  the  heat  of  our  iummpr  is  gpncrallj 

Ibe  wBOt  of  wo^l  on  iti  anr&i*.    H«nce  we    Rreatest.     The  trae  eansa  of  the  variation  of 

are  neceaoritj  led  to  eonclode  that  the  interior    ihe  KaMHia  conuBta  in  the  inclination  of  the 

parts  of  the  earth,  neai  the  centre,  muat  ion-    aiia  of  the  earth  to  the  plane  of  its  orhit;  or, 

■M  of  TCry  dense  iub«anct«,denaer  than  even    in  other  worda,  to  the  aliptic.     If  iu  axia 

iron,  iead,  or  rilver,  and  that  no  gmat  internal    were  perprndicular  to  the  ecliptic,  the  equator 

OTily  can  eiiat  within  it,  «  khih  theorista    and  the  orbit  would  coincide  ;  and  aa  the  aun 

ha'e'mppoKd,  nntes  we  coaU  inppoae  that   i*  alwaja  in  the  plane  of  the  ecliptic,  it  would 

maK  of  the  materials  &r  below  Ihe  founda-    in  this  rase  be  alwaja  over  the  eqaator;  the 

liona  of  the  ocean  are  much  den«r  than  the    two  pole*  would  bo  alwayi  enlightened,  and 

heaviest  metallic   aubrtancea  jet  diacorered,    there   would    be    no   diversity    of  daja  and 

Ia  Place  has  aUemptcd  to  eiliinata  the  earth's    nights,  and  but  one  seaKin  IhrouKhout  the 

dnuity  near  the  centrB  on  the  followinir  dula :    year.     What  is  meant  by  the  inclination  of 

ITS  2-6  be  ila  moan  density,  and  3  I-8i3  1-5,    tha  alia  will  appear  from  the  following  figuiea. 

3  4-5.  and  3  3-5  be  aasunKit  as  its  superficial 

densities,  then,  on  the  theoiy  of  compreasi-  Fig.  37.  Fig.  28. 

Ulitr.  the  denaily  at  the  centre  will  be  13^, 

Hi.    l&i,   and   M   I-IO   rcopectivelj.     The 

least  of  the  specific  giaviiie*  (13^)  is  nearly 

doable  the  dcnnty  of  lino,  iron,  and  the  ore 

of  lead ;  ani'.  the  gvalest  (20  1-10)  is  nearly 

equal  to  purified  and  forged  platitui,  which  ia 

Mm  most  ponderons   substance  hitherto  dia- 

ntvcTrd.    Yet  thia  ponderoua  ^obe,  with  all 

the  materials  on  its  aur6tte,  ia  carried  through 

the  regions  of  space  with  a  velocity  of  dxlecD 

hundred  thousaud  miles  every  day. 

Yarirly  of  Saaom. — The  snnnal  revolu-  Let  jt  B  represent  the  plane  of  the  ecliptic, 
(ion  of  the  earth  is  accomplLihed  in  365  days,  or  the  earth's  orlnt,  and  C  D  (Fig.  26)  (ho 
6  boars,  48  minQtes,  and  51  aecDnds.  In  the  axis  of  the  earth,  inclined  at  an  angle  of  66  J' 
coujse  of  this  revolution,  ^e  inhabitants  of  to  the  ecliptic,  and  S3j°  from  the  perpendi- 
every  clime  experience,  ihongfa  at  difleiant  cular  E  F,  or  the  aiis  of  the  ecliptic,  and  it 
tiines,  a  variety  of  seasons.  Sfvinx,  aummer,  will  represent  the  position  of  the  axis  of  the 
autnmn,  and  winter  follow  each  other  in  con-  earth  with  respect  lo  the  piano  of  its  orlHt. 
sunt  niccenion.  diversifying  the  scenery  of  Fig.  37  represents  the  a.i.U  of  the  earth.  G  H, 
nature,  and  distinguishing  the  different  periods  perpendicular  to  the  ecliptic.  As  Ihe  sun 
<tf  ihe  year.  In  those  countries  which  lie  in  the  can  enlighten  only  the  one-half  of  the  globe 
Bonlhem  hemisphere  of  the  globe,  November,  at  a  time,  it  ia  evident  that,  if  hia  rays  coma 
December,  and  January  are  the  summer  in  the  direction  from  B,  Fig.  SS,  they  cannot 
nxmlhs,  while  in  the  northern  henusphcre,  illuminate  both  potea  at  once.  While  the 
where  we  irwde,  these  are  our  months  of  north  polar  circle  between  E  and  C  is  cn- 
winter,  when  the  weather  B  coldest  and  the  hgbtened,  the  regions  around  the  south  pole 
days  are  ^nrtesL  In  Ihe  northern  and  south-  between  D  nnd  F  must  necessarily  remain  in 
em  hemiapberee  the  leaaons  are  opposite  to  the  dark.  But  if  the  a>ia  of  Ihe  earth  were 
each  other,  so  that  when  it  is  spring  in  the  one  perpendicular  to  its  orbit,  .as  eihibiled  in 
it  ia  autumn  in  the  other;  when  it  is  winter  Fig.  27,  then  both  polMVimld  constantly  be 
in  southern  latitudes  it  is  summer  with  us.  enlighteiu^nl  tim  same  time.  The  following 
During  six  months,  from  March  SI  to  Sep-  figu.e  wilt.nlore  paQicslsrli^  ahow  Ihe  ellect 
Isniber  33,  the  sun  shines  without  mtniDi*-  <£  the  incuncition'  of  thf  MJs  of  Ihe  earth 
sjon  on  the  north  pole,  so  that  there  'is-  iio  durng  lis  prqgrcwc  UgiuflCth^  twelve  sigiu 
night  there  during  all  that  interval,  s^i]^  the  of  the  .^isc.^  (8&'Pi^  iiS.) 
•nilh  pi^  is  alt  this  lime  enveloped  in  dark-  In  tt^ .  r^prdsentblion  the  ellipse  eihibita 
ne*.  From  September  to  March  the  south  the  earth's  orbil  seen  at  a  diatance.  the  ey« 
pole  enjoya  the  solar  light,  while  the  ndrla,  'n  being  supposed  to  be  elevated  a  little  above 
tl>  turn,  ia  deprived  d'  Ae  sun  and  le'fl  in  ihe  plane  of  it.  The  earth  is  represented  in 
darkness.  The  sun  is  at  diilerent  distances  each  of  the  twelve  signs,  with  the  nimes  of 
from  the  earth  at  diflerent  periods  of  Ihe  year,  the  months  armeTed.  In  each  of  the  ligiiree 
mahiM  to  tlM  earth's  moving  in  an  etliptiol   e  is  the  pole  of  Ihe  ediplic, and  edMa  aii% 

(3sa» 
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perptndiculai  lo  <ba  plane  of  the  orlnt.    P  ia   about  nbicb  ihe  oHh  daily  tams  from  w«t  ta 
tb«  nnth  pole  of  tbe  earUi;  Pmiti  uii,   cut,  FCeiiKivis  ihe  angle  of  iu  mdiiiBtiaii. 
During  the  whole  of  ill  coutse  the 
Tig.  SB.  axil  keepa  slwaya  in  a  parallel  po- 

■jUon,  or  poinU  alnaji  lo  Ihe  mma 
puta  of  the  heaveiiB.  If  it  were 
otherwiae,  if  Ihe  ^is  of  the  enrth 
phifted  its  position  iii  any  Foniideni- 
ble  degree,  the  most  appalling  and 
diautroui  eflccta  might  be  pro- 
dnoed;  the  ocean  in  many  place* 
loigbt  aTeijow  the  land,  and  ruah 
friuu  the  equator  tonanlg  the  polar 
regions,  and  produce  a  general  de- 
vaatation  and  deatructicHi  to  myri- 
«d>  of  ill  inhabitant.  If  the  aiia 
pointed  alwaya  to  the  centre  of  its 
otWt,  BO  a«  to  be  continually  vary- 
ing ill  direction,  all  the  ohjecti 
around  ua  would  appear  to  whirl 
about  ua  in  confueion ;  there  nould 
be  no  filed  polar  pointa  to  guid« 
the  mariner,  nor  could  hia  coDrae 
be  directed  tbiougb  the  oce&n  by 
any  of  the  alars  of  heaven. 

When  the  earth  ia  in  the  first 
it  of  Libra,  the  nin  appears  ii 


the  oppoule  point  of  the  erliptir, 
'  at  Aries,  aboQt  the  Slitof  March; 


and  when  the  earth  ia  in  Ariea, 
the  aun,  S,  will  appear  in  J.ibia 
■bout  the  23d  of  September.  At 
theae  Umea  bath  poles  of  the  earth 
am  eahghtened,  and  the  day  and 
night  are  equal  in  all  placci; 
When  the  eanh  has  moved  Irom 
Libra  to  Capricorn,  ita  aiJB  keeping 
alwaya  the  lama  direction,  all 
plaeea  within  Ihe  north  polar  circle, 
P  e,  are  illuminated  throughout 
the  whole  diurnal  revolulioji.  at 
whidi  time  the  inhabitants  o{  those 
places  have  the  sun  more  than 
twen^-four  hours  above  the  hori- 
lon.     Thia  happena  at  the  time  of 

31st  of  June,  at  which  time  the 
•oulh  polar  circle,  li  m,  ia  in  dark- 
ness. White  Ihe  earth  is  moving 
from  Libia,  through  Capricorn, 
.    _       .  _.  to  Aries,  the  north  pole,  J*,  be- 

ing in  ibe  iHDminated  .■be'mog^ert,'  -wiQ  Onr  snmmer  is  nearly  eight  days  longer 
haie  ni  montht  ooqtinu^-3«^^-  bitVw3ii|)i  'l]tan  ffai  winter.  By  summer  is  nnaiit  the 
the  earth  passa  fiojit  AA#,  IbrougV  GadAr,.  (Inif  ;ha£  passea  between  March  31  and  Sep- 
to  Libra,  the'noKh'  peli  fHll  te  JA.tiackneiB,'  teid^r  53,  or  between  Uie  vernal  and  nu- 
and  have  continual  nigbt;  -t}i**s«adi>pi>le>'at  tutiinat  equinoxes;  and  by  winter,  Ihe  time 
the  same  tin»e  enjoying  continual  day.  WTien  hefvrtdn  September  23  and  March  01,  the  an- 
the  earth  is  at  Cancer,  the  sun  appears  at  Ca-  li/tdtiaf  and  vernal  equinoxes.  The  portion 
pricom,  at  which  season  the  nights  in  the  of  lEe  earth's  orbit  which  lies  north  of  the 
northern  hemisphere  will  aa  much  eiceed  the  equinoctial  containa  1S4  degrees,  while  that 
days  as  the  days  excceiled  the  nights  when  portion  which  is  south  of  the  equinoctial  cod- 
Ibe  earth  was  in  the  opposite  point  (tf  its  Ditdt   tains  only  176  degrees,  being  eight  degree* 
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len  than  the  other  portion,  which  IB  the  reason  in  certain  places^  to  which  I  have  already 
why  the  sun  b  nearly  eight  days  longer  on  the  alluded  when  describing  the  phenomena  of 
north  of  the  equator  than  on  the  south.  In  Mercury.  2.  The  greater  length  of  the  day 
mir  summer  the  sun's  apparent  motion  is  contributes  to  augment  the  heat  in  summer; 
through  the  six  northern  signs,  Aries,  Taums,  for  the  earth  and  the  air  are  heated  by  the 
Gemini,  Cancer,  Leo,  and  Virgo ;  and  in  our  sun  in  the  daytime,  more  than  they  are 
winter,  through  the  sis  southern.  In  the  cooled  in  the  night,  and  on  this  account  the 
[  former  case,  from  March  21  to  September  23,   heat  will  go  on  increasing  in  the  summer, 

the  sun  is  about  186  days  11  hours  in  passing  and  for  the  same  reason  will  decrease  in 
through  the  northern  signs,  and  only  178  days  winter,  when  the  nights  are  longer  than  the 
18  hours  in  passing  through  the  southern  days.  Another  reason  is,  that  in  summer, 
signs,  from  September  23  to  March  21,  the  when  the  sun  rises  to  a  great  altitude,  his 
difference  being  about  7  days  17  hours.  The  rays  pass  through  a  much  smaller  portion  of 
reason  of  this  difference  is,  that  the  earth  the  atmosphere,  and  are  less  refracted  and 
moves  in  an  elliptical  orblt^  one  portion  of  weakened  by  it  than  when  they  faU  more 
which  is  nearer  the  sun  than  another,  in  con-  obliquely  on  the  earth,  and  pass  through  the 
sequence  of  which  the  sun's  apparent  motion  dense  yapours  near  the  horizon. 
is  slower  while  it  appears  in  the  northern  The  cause  of  the  variety  of  the  seasons  can 
ngns  than  while  it  traverses  the  southern  be  exhibited  with  mors  clearness  and  precision 
ones.  by  means  of  machinery  than  by  verbal  de- 

As  the  sun  is  further  from  us  in  summer  scriptions ;  and,  therefore,  those  whose  conoep- 
tfaan  in  winter,  it  may  naturally  be  asked  why  tions  are  not  clear  and  well  defined  on  this 
we  experience  the  greatest  heats  in  the  former  subject  should  have  recourse  to  orreries  and 
season.  The  following,  among  other  reasons  planetariums,  which  exhibit  the  celestial  mo- 
mscy  be  assigned,  which  will  partly  account  for  tions  by  wheelwork.  There  is  a  small  in- 
thts  effect:  1.  The  sun  rises  to  a  much  higher  strument,  called  a  Tellurian,  which  has  been 
altitude  above  the  horizon  in  summer  than  in  long  manufactured  by  Messrs.  Jones,  Holbom, 
winter,  and,  consequently,  its  rays  filling  London,  which  conveys  a  pretty  clear  idea  of 
more  Erectly  and  less  oblique,  the  thicker  or  the  motions  and  phases  of  the  moon,  the  in- 
denser  will  they  be,  and  so  much  the  hotter,  cUnation  of  the  earth's  axis  to  the  plane  of  its 
when  no  counteracting  causes  from  local  cir"  orbit,  and  the  changes  of  the  seasons.  It  may 
eumstaneea  exist.  Thus,  supposing  a  parcel  be  procured  at  different  prices,  from  1/.  Ss,  to 
of  rays^  ^S  CD  E  (Fig.  30,)  to  Ml  per-  4/.  14«.  6d.,  accordmg  to  the  size  and  the 

quantity  of  the  wheelwork. 
rig.  30.  rpjjg  subject  of  the  seasons  and  the  variety 

j^  2)  jL        of  phenomena  they  exhibit  have  frequently 

heen  the  themes  both  of  the  philosopher  and 

the  poet,  who  have  expatiated  on  the  beauty 

of  the  contrivance  and  the  benignant  effects 

they  produce;  and  therefore  they  conclude 

that  other  planets  enjoy  the  same  vicissitudes 

and  seasons  similar  or  analogous  to  ours.  But 

although,  in  the  present  constitution  of  our 

globe,  there  are  many  benign  agencies  which 

pendicnkriy  on  any  plane  (D  C),  and  ob'   accompany  the  revolutions  of  the  seasons,  and 

Uquely  on  another  plane  {E  C),  it  is  evident   are  essential  to  our  happiness  in  the  circum- 

they  will  occupy  a  smaller  space  (D  C)  in   stances  in  which  we  now  exist,  yet  it  is  by  no 

the  former  than  (E  C)  in  the  latter ;  and,   means  probable  that  the  seasons,  as  they  novo 

consequently,  their   heat   would    be    much   operate,  formed  a  part  of  the  original  arrange- 

greater  in  the  lesser  space  D  C  than  in  the   ments  of  our  terrestrial  system.    Man  was  at 

greater  space  E  C.    If,  instead  of  lines,  we   first  created  in  a  state  of  irmocence,  and 

suppose  D  C  and  E  C  to  be  the  diameters  of    adorned  with  the  image  of  his  Maker ;  and  the 

surftces,  then  the  heat  on  those  surfiuses  will   finme  of  nature,  we  may  confidently  suppose, 

be  inversely  as  the  squares  of  the  diameters,   was  so  arranged  as*  to  contribute  in  every  re- 

Let  2>  C  he  20  and  E  C  2B;  the  square  of    spect  both  to  his  sensitive  and  intellectual  en- 

20  is  400,  and  the  square  of  28  is  784,  which    joyment     But  neither  the  horrors  of  winter, 

is  nearly  double  the  square  of  D  C,  and,  con-   and  its  dreary  aspect  in  northern  climes,  nor 

Rquently,  there  is  nearly  double  the  quanti^   the  scorching  heats  and  appalling  thunder- 

of  heat  on  D  C  compared  with  that  on  E  6,  storms  which  are  experienced  in  tropical  cli« 

in  so  feras  it  depend  on  the  direct  influence  mates,  are  congenial  to  the  rank  and  circum- 

of  the   solar  rays ;   hut  other  causes  may   stances  of  beings  untainted  with  sin  and  en* 

eoacnr  either  to  diminish  or  increase  the  heat  dowed  with  moral  perfection.    Such  physical 

2L  (397) 
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aviUi  and  inconveniences  as  (he  change  of  London  would  exert  there.    If  the  gravity  of 
seamns  occaaionaUy  produces  appear  to  be  a  body  at  the  equator  be  1,  at  the  poles  it  will 
vnly  adapted  to  man  in  his  present  state  of  be  1.00569,  or  about  the  1-194  part  heavier; 
moral  degradation.    In  the  primeval  state  of  that  is,  a  body  weighing  194  pounds  at  the 
the  world  it  is  not  unlikely  that  the  axis  of  equator  would  weigh  195  pounds  at  the  north 
the  earth  had  a  di^rent  direction  from  what  pole  ;  so  that  the  weight  of  bodies  is  increased 
it  has  at  present,  and  that,  instead  of  scorching  as  we  advance  from  the  equator  to  the  po]e% 
heats  and  piercing  colds,  and  the  gloom  and  owing  to  the  polar  parts  being  nearer  the 
desolations  of  winter,  there  was  a  more  mild  centre  of  the  earth  than  the  equatorial,  and 
and  equable  temperature,  and  something  ap-  the  centrifugal  force  being  diminished.    It  is 
proaching  to  what  the  poet  calls  **  a  perpetual  this  variation  of  the  action  of  gravity  in  dif- 
spring.*'  We  are  assured,  from  the  records  of  ferent  latitudes  that  causes  the  same  penda- 
sacred  history,  that  the  original  constitution  lum  to  vibrate  slower  at  the  equator  than  in 
of  the  earth  has  undergone  a  considerable  other  places,  as  stated  above.  For  a  pendulum 
change  and  derangement :  its  strata  were  dis-  to  oscillate  seconds  at  the  equator,  it  must  be 
rupted,  "  the  fountains  of  the  great  deep  were  thirty-nine  inches  in  length ;  and  at  the  poles, 
broken  up,"  and  a  flood  of  waters- covered  the  thirty-nine  and  one  fifth  inches, 
tops  of  the  loftiest  mountains ;  the  eflects  of  The  tropical  year,  or  the  time  which  the 
which  are  still  visible*  in  almost  every  region  mm  (or  the  earth)  takes  in  moving  through 
of  the  globe.    At  that  memorable  era,  it  is  the  twelve  signs  of  the  ecliptic,  from  one  equi- 
highly  probable,  those  changes  were  intro-  nox  to  the  same  equinox  again,  is  three  hun- 
duced  which  diversify  the  seasons  and  produce  drad  and  sixty-five  days,  five  hours,  forty-eight 
those  alarming  phenomena  and  destructive  minates,  and  fifty-one  seconds.    This  is  the 
effects  which  we  now  behold ;  but  as  man  proper  or  natui^l  year ;  because  it  always 
advances  in  his  moral,  intellectual,  and  reli-  keeps  the  same  seasons  to  the  same  months, 
gions  career,  and  in  proportion  as  his  mental  The  ndareal  year  b  the  space  of  time  the  sun 
and  moral  energies  are  made  to  bear  on  the  takes  in  passing  fiK>m  any  fixed  star  till  it  re- 
renovation  of  the  world,  he  has  it  in  his  power  turns  to  the  same  star  again.    It  consists  of 
to  counteract  or  meliorate  many  of  the  physi-  three  hundred  and  sixty-five  days,  six  hours, 
cal  evils  which  now  exist  Were  the  habitable  nine  minutes,  and  eleven  and  a  half  seconds, 
parts  of  the  earth  universally  cultivated,  its  being  twenty  minutes  and  twenty  and  a  half 
marshes  drained,  and  its  desolate  wastes  re-  seconds  longer  tban  the  true  solar  year.  This 
duced  to  order  and  vegetable  beauty  by  the  difference  is  owing  to  the  regression  of  the 
hand  of  art,  and  replenished  with  an  Indus-  equinoctial  points,  which  is  fifty  seconds  of  a 
trious  and  enlightened  population,  there  can  degree  every  year;  and,  to  pass  over  this  space, 
be  little  doubt  that  the  seasons  would  be  con-  the  sun  requires  twenty  minutes  and  twenty 
siderably  meliorated,  and  many  physical  evils  and  a  half  seconds.    The  earth  moves  in  an 
prevented  with  which  we  are  now  annoyed,  elliptical  orbit,  whose  ecctntriciiy,  or  distance 
And  all  this  is  within  the  power  of  man  to  of  its  fodfrom  the  centre,  is  1,618,000  miles: 
accomplish,  provided  he  chooses  to  direct  his  that  is,  the  ellipse  or  oval  in  which  it  moves 
wealth,  and  his  intellectual  and  moral  ener-  is  double  the  eccentricity,  or  3,336,000  miles 
gies,  into  this  channel.   If  these  remarks  have  longer  in  one  direction  than  it  is  in  another, 
any  foundation  in  truth,  then  we  ought  not  which  is  the  reason  that  the  sun  is  ftirther 
to  imagine  that  the  earth  is  a  standard  by  from  us  at  one  season  of  the  year  than  at 
which  we  are  to  judge  of  the  state  of  other  another.    This  is  ascertained  from  the  varia« 
planetary  worlds,  or  that  they  are  generally  to  tion  of  the  apparent  diameter  of  the  sun. 
be  viewed  as  having  a  diversity  of  seasons  About  the  Ist  of  January,  when  he  is  nearest 
similar  to  ours.  the  earth,  the  apparent  diameter  is  thirty-two 
The  following  hxAs,  in  addition  to  the  pre-  minutes,  thirty-five  seconds;  and  on  the  1st 
ceding,  may  be  noted  in  relation  to  the  earth :  of  July,  when  he  is  most  distant,  it  is  only 
Under  the  equator,  a  pendulum,  of  a  certain  thirty-two  minutes,  thirty-one  seconds.    This 
form  and  length,  makes  86,400  vibrations  in  proves  that  the  earth  has  a  slower  motion  in 
a  mean  solar  day ;  but,  when  transported  to  one  part  of  its  orbit  than  in  another.  In  Janu- 
London,  the  same  pendulum  makes  86,535  aiy  it  moves  at  the  rate  of  about  69,600  miles 
vibrations  in  the  same  time.    Hence  it  is  con-  ui  hour,  but  in  July  its  rate  of  motion  every 
eluded  that  the  intensity  of  the  force  urging  hour  is  only  about  66,400  miles ;  a  differenot 
the  pendulum  downward  at  the  equator  is  to  of  more  than  3000  miles  an  hour, 
that  at  London  as  86,400  to  86,535,  or  as  1 

to  1.00315 ;  or,  m  other  words,  that  a  mass  !▼•  oi  tbi  plaitxt  icabs. 
of  matter  at  the  equator  weighing  10,000 

pounds,  exerts  the  same  pressure  on  the  ground  The  earth  is  placed,  in  the  solar  system,  in 

•a  10,031  J  of  the  aamtpound$  transpoited  to  a  position  between  the  ofhits  of  Venus  and 
(398) 
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Man.  The  two  planets,  Mercury  and  Venaa, 
which  are  placed  tmthin  the  orbit  of  the  earth, 
and  whose  orbits  lie  between  it  and  the  sun, 
aie  termed  the  inferior  planets.  Those  whose 
orbits  lie  beyond  the  orbit  of  the  earth,  at  a 
greater  distance  from  the  sun,  as  Mars,  Jupip 
ter,  Saturn,  and  Uranus^  are  termed  auperior 
planets.  The  motions  and  aspects  of  all  the 
sapmor  planets,  as  seen  from  the  earth,  diffisr 
connderably  from  those  which  are  exhihitau 
by  the  inferior:.  In  the  firrt  place,  the  inferior 
planets  are  never  seen  but  in  the  neigfaboar- 
hood  of  the  son,  none  of  them  ever  appearing 
beyond  forty-eight  degrees  from  that  luminary; 
whereas  the  superior  planets  appear  at  all  dis* 
tances  frdm  the  sun,  even  in  the  opposite 
quarter  of  the  heavens,  or  180  degrees  from 
the  point  in  which  the  sun  may  happen  to  be 
placed.  This  oould  not  possibly  happen  un- 
leas  their  orbits  were  exterior  to  that  of  the 
earth,  and  the  earth  placed  at  such  times 
between  them  and  the  sun.  In  the  next 
place,  the  inferior  planets,  when  viewed 
through  telescopes,  exhibit,  at  different  times, 
all  the  phases  <k  the  moon ;  but  the  superior 
planets  never  appear  either  homed  or  in  the 
shape  of  a  half  moon.  The  planets  Jupiter, 
Satam,  and  Uranus  never  appear  in  any 
other  shape  than  round,  or  with  full  enlight- 
ened hemispheres.  This  circumstance  of  itself 
fumiahee  a  proof  that  we  see  these  planets 
always  in  a  direction  not  very  remote  from 
that  in  which  they  aro  illuminated  by  the  solar 
rays;  and,  consequently,  that  we  occupy  a 
station  which  is  never  very  far  removed  from 
the  centre  of  their  orbits.  It  proves,  in  other 
words,  that  the  path  of  the  earth  round  the 
sun  is  entirely  included  within  their  orbits, 
and  likewise  that  this  circular  path  of  the 
earth  is  of  small  diameter  compared  with 
thdr  more  expansive  orbits.  This  may  be 
illustrated  by  the  following  figures.  Let  S, 
Fig.  32,  represent  the  sun ;  ^  jB  the  orbit  of 
the  earth ;  and  C  the  planet  Saturn,  about  ten 
times  further  fix>m  the  sun  than  tlie  earth  is. 
Suppoae  B  to  represent  the  earth  at  its 
grnitesC  elongation  from  the  sun,  as  seen  from 
Saturn ;  the  angle,  8  C  B^  being  so  small,  it 
is  evident  that  an  observer  on  the  earth,  at  B, 
can  see  little  or  nothing  of  the  dark  hemi- 
sphere of  Saturn  at  C,  but  must  perceive  the 
whaie  enlightened  hemisphere  of  the  planet, 
within  a  small  fraction,  which  fraction  is  not 
perceptible  by  our  best  telescopes. 

There  is  only  one  of  the  superior  planets 
that  czhibilB  any  perceptible  pfuue,  and  that 
is  Uie  planet  Mars.  In  Fig*  31,  «jl  represents 
the  sun;  ED  the  orti^  of  the  Murth;  M 
Mars ;  and  D  the  earth  at  its  greeisst  elon- 
gation, as  seen  from  tfars.  In  'his  case  the 
asi;le  SMD  is  imch  larger  ihar^  in  the  for- 
ma  case,  as  Mar:  i?  m^<:ch  z-iLnt  to  the 


earth  than  Saturn  or  any  otler  of  the  supe- 
rior planets.     Consequently,  a  spectator  on 

Fig.  31.  Fig.  38. 


Fig.  88. 


the  earth  is  enabled  to  see  •.  greater  porti^vn 
of  the  dark  hemisphere  of  Mars,  •.nc'.,  J  coarse, 
loses  sight  of  a  coiresponding  portion  of  bib 
enlightened  disk.  This  is  represented  by  the 
line  h  t.  This  gibbous  phase  of  Mars,  how- 
ever, difiers  only  in  a  small  degree  from  a 
circle ;  it  is  never  leas  than  seven  eighths  of 
the  whole  disk.  This  phase  is  represented  in 
Fig.  33.  When  the  earth  arrives  near  the 
point  F,  when  Mars  appears  in  opposition 
to  the  sun,  the  whole  of  his  enlightened  hf^mi- 
sptiere  is  then  visible.  The  extent  of  tlie  gib- 
bous phase  of  this  planet  affords  a  measure  of 
the  angle  SMD,  and,  therefore,  of  th(»  pro- 
portion of  the  distai-ce,  SM  of  Mars,  to  SD 
or  S  Fj  the  distance  of  the  earth  from  tbe  sun, 
by  which  we  are  warranted  to  concli'de  that 
the  diameter  of  tfte  orbit  of  Mars  cannot  be 
less  than  1  1-2  that  of  the  orbit  of  the  earth. 
The  phases  of  Saturn,  Jupiter,  and  l^ranus  be- 
ing quite  imperceptible,  demonstrates  that  their 
orbits  must  include  both  the  orbit  of  the  earth 
and  that  of  Mars;  and,  consequently,  that 
they  are  removed  at  a  much  greater  distance 
than  either  of  these  bodies  from  the  centre  of 
the  fiystem. 

^  Before  proceeding  to  a  particular  descnp' 
tion  of  the  phenomena  connected  with  the 
pUnet  Mars,  I  shall  give  a  brief  sketch  of  the 
motions  neeoliar  to  this  plano^  wliich  wiA 
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■erre,  in  came  mcinire,  bj  s  ■pecimen  at  th«    euth  U  at /f,  J,  and  K,  the  pluict  will  be  w«ii 

apparent  motinni  of  all  the  other  sapeiior   among  the  atan  at  N,  O,  and  F ;  and,  tber^ 

planets.    In  Ihe  following  figure  &'  icpmcnti   fore,  while  Ihe  eerlh  movea  over  the  large  part 

the  Bun ;  ABCDibe  planet   Ma»  in  four    of  iti  orbit,  F  HK.Qie  planet  will  have  an 

dtficrent  poaliona  in  itB  orbit;  EFGMIK,    apparent  motion  from  I.  to  P  among  the  atars, 

the   orbit  of  the  earth  ;    and  L  M  N  O  P,  a    and  thia  motioD  la  from  neat  to  cait,  in  the 

eegmentof  thealarr^heavena.   Suppow  Mara   order  of  the  ngna,  or  in  the  same  direction 

at  A  and  the  earth  at  E,  directl;  between  it   in  which  the  earth  morea ;  and  the  planet  ia 

and  the  njn,  then  all  the  planet's  enlightened    then  aaid  to  be  direcl  in  motion,     '^^'hen  ths 

hemiaphere  vtill  be  turned  towards  the  earth,   earth  ia  at  IT  and  the  planet  appears  at  P,  for 

and  it  will  appear  like  the  fiill  mooru    When   a  ahnri  space  of  time  it  appeara  slatianary, 

the  planet   ia  at   S  it  wUl  be  gibbou*,  like    becauae  the  ra;  of  light  proceeding  from  P  to 

the  moon  a  iew  daya  before  or  after  the  ftilt.   K  nearly  cobcides  with  the  earih'i  orbit  and 

At  C  it  wonld  again  appear  whoUy  enlight-    the  direction  of  ila  motion.     But  when  the 

ened,  were  it  not  in  the  aame  put  of  the  bea-   earth  moves  on  from  K\o  E,  the  planet  will 

— ■     g.  appear  to  return  fixim  P  to  JV;  and  while  the 

"*■'*•  earth  n>o»ea  from  E  to  P,  the  planet  will  alill 

continue  to  retrograde  from  Nla  L,  where  it 

will  again  appear  stationar;  aa  before.    From 

what  haa  been  now  elated,  it  ia  clear  that. 

since  the  part  of  the  orbit  which  the  earth  de< 

Bcribes  in  passing  throagh  F  H  K  u  much 

Weat      I       S^^'"  ''"<"  ^B  B'^'i  KEF,  and  the  space 


In  the  above  description  I  hate  soppoaed 

the  planet  at  rat  in  tia  orbit  at  A,  in  order  to 

render  the  eiplanation  mote  eaj^  and  limple, 

and  the  diagram  leas  complex  than  it  would 

have  been  had  we  traced  the  planet  through 

diflerent  parta  of  ita  oiiiit,  together  nilh  the 

motiona  of  the  earth.    But  the  appearancea 

are  the  nme,  whether  we  aoppoae  the  planet 

to  be  at  rest  or  in  motion.    The  only  diF- 

ferenm  is  in  the  time  when  the  retn^nde  or 

direct  motiona  happen,  and  in  thtpbtai  of  th« 

heaveni  where   the   planet  will  be  at  anch 

Tene  w^th  the  son.     At  i)  it  ia  again  gibbous,    times  aituated.     What  has  now  been  stated 

■s  aeen  from  E,  and  will  appear  tesa  gibboua    in  regard   to  the  apparent  motiona  of  Mars 

as  it  adiancea  towards  A.    At  j4  it  is  said  to   will  apply  to  Jupiter,  Saturn,  and  all  the  m- 

be  in  oppimtUm  to  the  aun,  being  aeen  (ram   perior  planeta,  making  allowance  for  the  dtT- 

the  earUi  at  E  among  the  atara  at  S,  while   ference  of  time  in  which  their  direcl  and  retro- 

the  sun  ia  aeen  in  the  oppoaite  direction,  E  C.    grade  motions  are  performed.     All  ths  supe- 

When  t^e  planet  is  at  C  and  the  earth  at  E,   rior  planeta  are  retrograde  in  their  apparent 

it  ia  said  to  be  in  eonjanirlion  with  the  sun,   motions  when  in  apposition,  and   for  soma 

being  in  the  same  part  of  the  heavens  with    time  before  and  after ;  but  they  differ  greatly 

that  luminary,    in  regard  to  all  the  superior   from  each  other,  both  in  the  eit«nt  of  their 

planets,  there  is  but  ant  conjunction  with  the   are  of  retrogradation,  in  the  duralian  of  their 

Bun  during  the  conrae   of  their   revolution  -,    retrograde   movement,   and   in   ita  rapidily, 

whereas   the  ioicrior  planets,   Mercury   and    when  swiftcaL    It  ia  mote  eitenaive  and  rapid 

Venua,  have  two  oonjunctions,  as  formerly  ex-   in  the  case  of  Mars  than  of  Jupiter,  of  ju- 

plained.    Let  us  new  attend  to  the  appatenl   piter  than  of  Saturn,  and  of  Saturn  than  of 

nrotiona  of  thia  {danet.    SuppoH  the   earth    Uranua.    The  longer  the  periodic  tinw  or  an> 

at  F,  and  the  planet  at  rest  :n  its  orbit  at  A,   nuol  tevolution  of  a  superior  planet,  the  mora 

it  will  be  projected  or  aeen  by  a  ray  of  light   fTe<,d£nt  are  its  statjona  and  retrogrodaliDDi ; 

among  the  b.arB  at  L  ;  when  the  earth  arrival    they  ar%  lea,  in  qnanlit/,  but  continue  a  lo:.£er 

■t  G,  the  planet  will  appear  f  t  Jf,  by  the  say   time.    The  mean   arc  of  retrogradatioii   of 

6  Jf ;  I  nd  in  the  aame  manner,  whan  Ibe   iUn,  m  from  J'  lo  I,,  T'g.  34,  ia  aiiteni  da- 
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greet,  twelve  miiiQtes,  and  it  continues  about  verging  towards  its  conjunction  with  the  sun^ 

■eveoty-three  days ;  while  the  mean  arc  of  it  is  almost  imperceptible.    And  this  is  one 

retrogradation  of  Jupiter  is  only  nine  degrees,  proof,  among  others,  of  the  truth  of  the  Co- 

fifty-feur  minutes,  but  its  mean  duration  is  pemican  system.    All  its  motions,  station^ 

about  121  days.    The  time  between  one  op-  and  direct  and  retrograde  movements,  and  the 

position  of  Saturn  and  another  is  378  days,  times  in  which  they  happen,  exactly  accord 

or  one  year  and  thirteen  days.    The 'time  be-  with  its  position  in  the  system  and  the  motion 

twcen  two  conjunctions  or  oppositions  of  Ju-  of  the  earth,  as  a  planet  between  the  orbits  of 

piter  is  398  days,  or  one  year  and  thhty-three  Venus  and  Mars.    Whereas,  were  the  earth 

days.    But  Mars,  after  an  opposition,  does  supposed  to  be  the  centre  of  this  planet's  mo- 

not  come  again  into  the  same  situation  till  tion,  according  to  the  Ptolemaic  hypothesis, 

after  two  years  and  fifty  days.    It  is  only  at  it  would  be  impossible  to  account  for  any  of 

and  near  the  time  of  the  opposition  of  Mars  the  phenomena  above  stated. 

that  we  have  the  best  telescopic  views  of  that  The  orbit  of  Mars  is  901,064,000,  or  moFo 

planet,  as  it  is  then  nearest  the  earth ;  and,  than  900  millions  of  miles  in  circumference. 

consequently,  when  it  has  paraed  its  oppo-  Through  this  space  it  moves  in  one  year  and 

sttlon  for  any  considerable  time,  a  period  of  322  day*:,  or  in  16,488  hours.    Consequently, 

two  years  must  elapse  before  we  see  it  again  its  rate  of  motion  is  54,640  miles  every  hour, 

in  siich  a  conspicuous  situati'^n.    Hence  it  is  which  is  more  than  a  hundred  times  the 

that  this  planet  is  seldom  noticed  by  ordinary  greatest  velocity  of  a  cannon  ball  when  it 

observers,  except  during  a  period  of  three  or  leaves  the  mouth  of  the  cannon.    The  diur- 

fonr  months  every  two  years.    At  all  other  nal  rotation  of  this  planet,  or  its  revolution 

times  it  dwindles  to  the  apparent  size  of  a  round  its  axis,  is  accomplished  in  twenty-four 

aoan  star.  hours,  thirty-nine    minutes,  twenty-one  se- 

Disianee,  Motion^  and  Orbit  of  Mars. —  conds,  which  is  about  two-thirds  of  an  hour 

This  planet  is  ascertained  to  be  about  145  longer  than  our  day.    This  period  qjf  rotation 

millions  of  miles  from  the  sun.    From  what  was  first  ascertained  by  Cassini,  from  the  mo- 

we  have  stated  above  it  is  obvious  that,  in  the  tion  of  certain  spots  on  its  sur&ce,  which  I 

course  of  its  revolution,  it  is  at  very  different  shall  afterward  describe.    Its  axis  is  inclined 

distances  from  the  earth.  When  at  its  g^atest  to  the  plane  of  its  orbit  in  an  angle  of  thirty 

distance,  as  when  the  earth  is  at  Ey  and  the  degrees,  eighteen  minutes,  which  is  nearly 

planet  at  C,  Fig.  34,  it  is  240  millions  of  miles  seven  degrees  more  inclined  from  the  perpen- 

from  the  earth.    This  will  appear  from  an  in-  dicular  than  that  of  the  earth.    This  motion 

spection  of  the  figure.    The  distance,  E  S,  is  in  the  same  direction  as  the  rotation  of  the 

from  the  earth  to  the  sun  is  95  millions  of  earth,  namely,  from  west  to  east    The  incli- 

miles ;  the  distance,  8  C,  of  Mars  from  the  nation  of  the  orbit  of  Mars  to  that  of  the 

ran  is  145  millions.    These  distances  added  earth  is  one  degree,  fifty-one  minutes,  six  se- 

together  amount  to  the  whole  distance  from  conds,  so  that  this  planet  is  never  so  much  as 

£  to  C,  or  from  the  earth  to  Mars  when  in  two  degrees  either  north  or  south  of  the 

conjunction  with  the  sun.    When  nearest  the  ecliptic    The  orbit  of  Mars  is  considerably 

earth,  as  at  A,  it  is  only  60  millions  of  miles  eccentric.    Its  eccentricity  is  no  less  than 

distant  from  us.    For  as  the  whole  distance  13,463,000  miles,  or  about  1-21  of  its  diame- 

of  the  planet  from  the  sun,  A  S,\b  145  mil-  ter,  which  is  more  than  eight  times  the  eccen- 

Hods,  subtract  the  distance  of  the  earth  from  tricity  of  the  orbit  of  the  earth.    Hence  it 

the  sun,  E  S=b95  miliions,  and  the  remainder  follows,  that  Mars,  when  in  opposition  to  the 

win  be  the  distance  of  the  planet,  E  ^4=50  sun,  may  be  nearer  the  earth  by  a  considerable 

millions  of  miles  from  the  earth.    Small  as  number  of  millions  of  miles  at  one  time  than 

this  distance  may  appear  compared  with  that  at  another,  when  he  happens  to  be  about  his 

of  some  of  the  other  planets,  it  would  require  perihelion,  or  nearest  distance  from  the  sun 

more  than  285  years  for  a  steam-carriage,  at  such  opposition.    On  the  27th  of  August, 

moving  widiout  intermission  at  the  rate  of  1719,  this  planet  was  in  such  a  position, 

twenty  miles  an  hour,  to  pass  over  the  space  being  in  opposition  within  two  and  a  half  de- 

which  intervenes,  between  the  earth  and  Mars  grees  of  its  perihelion,  and  nearer  to  the  earth 

at  its  neatest  distance.  tiian  it  had  been  for  a  long  period  before ;  to 

From  what  has  been  now  stated,  it  is  evi-  that  its  magnitude  and  brightness  were  so 

dent  that  this  planet  will  present  a  very  di€>  much  increased  that,  by  common  spectators, 

tunnt  aspect  as  to  size  and  splendour  in  it  was  taken  for  a  new  star, 

.jilfeient  parts  of  its  orbit    When  nearest  to  Appearance  of  the  Surface  of  Mars  when 

ttie  earth,  it  appears  with  a  sur&ce  twenty-  viewed  through  Tekscopes* — ^It  was  not  be- 

^ye  times  larger  than  it  does  at  its  g^reatest  fore  the  telescope  was  brought  to  a  certain 

distance,  and  seems  to  vie  with  Jupiter  in  ap-  degree  of  perfection  that  spots  were  discovered 

parent  magnitude  and  splendour.    But,  when  on  the  sur&oe  of  Mars.    This  instrument  was 
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Bnt  directed  lo  (he  hesveni  by  G&lileo,  in  the  of  Mars  la  repTcacnted  in  Fig.  37.    On  : 

year  1610;  but  il  wu  Dot  lill  the  beginning  STlh  of  Augasi,  1719,  the  nun*  obacrrw 

ori666  lliin  any  of  the  spota  which  divcniify  nith  ■  teleacope  of  thir^-four  feet  io  length, 

this  planet  were  ciiscovoral.     On  Iho  6ih  of  perceived,  among  Be»eral  other  apols,  a  loiig 

February,  that  ycai,  in  the  morning,  Casgini,  bell  that  reached  about  baif  way  round  Ih* 

wtlh  a  telescope  of  sixteen  feet  long,  saw  [wo  planet,  not  parallel  to  its  equator,  to  the  «nd 

dark  upots  on  the  Uce  of  Mars,  as  represented  of  which  another  short  bdt  was  joined,  an  as 

in  Fig.  35  ;  and  on  Febraai?  S4,  in  the  even-  to  form  an  ai^e  a  littla  obtuso,  as  raprcaeatad 

hig,  ha  saw  on  the  other  &ce  of  the  planet  in  Fig.  38. 

two  other  ipolB,  somewhat  like  those  of  the  pj-  3^^  Yig.  88. 

first,  but  larger,  as  represented  in  Fig.  Sfl. 

Fig.  Sfi.  Fig.  3B. 


The  following  fignies  represent  the  appeal 
ance  of  the  spots  aa  seen  by  Dr.  Hook  in 
These  flgurea  are  coined  IVom  the  first  volume  1SS6.  He  aaw  Mars  on  March  3,  lG66.ai 
of  the  Transadions  of  the  Boyel  Sodety.  repreaenled  in  Fig.  39,  which  appearance  was 
Aflerward,  continuing  his  ohservaliona,  ha  taken  down  at  the  moment  of  observation, 
found  IheTepota  of  Iheao  two  faoca  10  turn  by  On  the  ISd  of  the  asms  month  he  perceived 
little  and  litUe  from  east  to  west,  and  to  return  the  ipota  as  delinealad  in  Fig.  iO,  wliich  ap- 
at  Ust  lo  the  same  situation  in  which  he  had  pij__  gjj^  pj^  ^_ 

firal  seen  them,     Campani  and  several  other  ^*' 

aBtronoincrs  observed  similar  spots  about  the 
same  time  at  Rome,  and  Dr.  Hook  in  Eng- 
land. Some  of  these  obwrvois  were  led  ta 
conclude,  from  the  mnlion  of  thcsa  spots, 
that  the  rotnlion  of  this  planet  was  accom- 
plished in  thirteen  houni;  but  Cawini,  who 
observed  them  with  particular  care,  proved 
that  the  period  of  rotation  was  about  twenfrf- 
four   hours  and   Ibrty  minutes,  and   ahowed 

that  the  error  of  the  other  aelrononiers  arose  ,     i         .  i..       ,1  ._  i_ 

from  Ihnr  n«  JMn,„i.l,m,  ft.  aiai„„»  P~t.  1>  b."  1-n  *h.,  Ih.  .»»  .pol.  h 
of  lta.p«.  >hioh  ,i.,™l  on  ft.  opix.il,  "l"""'  I?"?'"'",^",  J,"  ■P°"°°"» 
.id.,  of  0,.  di.lt  .t  Mm  Th.  drfEn,  °^'»^,"*"""' "»''?»"■  ,,..  ,  ^ 
of  0«>im  .1,  Ihl.  point  h.™  Wo  M\,  oo..  J^  CJ-I"'*  J"  '"•  ™7  "i  *",rto" 
«m,.dli,.ob«,..ol.b.™iim»  17  8.  W,ll«m  H.nob.1, -ho  b„  ,1,™   . 

--     ■■  ■  .3bo,1«lF'nKlim.lhm.limn   «~'  ..n.ly  of  d.b...Boo.  rf  lb.  J.SoM 


and  astronomer,  made  particular  observetioi 


appearances  of  Mars  in  the  Tnuunclior 


that  the  epots  were  not  always  well  defined,  Fig  41.  Fig.  4S. 

and  lliiit  thev  often  changed  their  form,  not 
only  in  the  space  of  time  ^om  one  opposition 
to  another,  but  even  within  the  space  of  a 
month;  but  some  of  them  continued  of  the 
aame  form  long  enough  to  ascertaiu  th^ 
period".  Among  these  vras  an  oblong  spot^ 
not  unlike  one  of  the  broken  bells  of  Ju;riter, 
that  did  not  reach  quite  round  the  body  of 
Van,  but  had,  not  fsr  from  the  middle  of  it,  a 
small  protuberance  towards  the  north,  so  well 

deSneJ  a*  to  enabk  him  to  settle  the  period  My  own  views  of  this  planet  have  not  hem 
of  its  revolution  at  twenty-four  houre,  thirty-  nnmerona.  as  it  is  only  at  inlerrali  of  two 
nine  minutes;  only  one  minute  less  than  aa  years,  when  near  its  oppontiini.  that  obserTk- 
Cassini  had  determined  it.  This  appearancs  tlons  can  be  made  on  iti  smiace  with  ellect 
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I  have,  however,  distinctly  perceived  its  sur-   ceive  the  sunbeams,  thoagli,  toTtaids  the  htter 

face  as  delineated  in  Figures  43  and  44.   end,  in  such  an  oblique  direction  as  to  be  but 

Fig.  43.  Fig.  44,  Ji^'o  benefited  by  them.     On  the  other  hand, 

in  the  year  1781,  the  north  polar  spot,  which 
had  then  been  its  twelvemonth  in  the  sun- 
shine, and  wtus  but  lately  returning  into 
darkness,  appeared  small,  though  undoubtedly 
increasing  in  size."  Hence  he  concludes, 
"  that  the  bright  polar  spots  are  owing  to  the 
mid  reflection  of  light  from  frozen  regions, 
and  that  the  reduction  of  those  spots  is  to  be 
ascribed  to  their  being  exposed  to  the  sun." 
Atmonphere  of  Mars* — From  the  gradual 
Tliese  ofaserrations  were  made  in  November  diminution  of  the  light  of  the  fixed  stars  when 
and  December,  1832,  and  in  Januaiy,  1837,  they  approach  near  the  disk  of  Mars,  it  has 
and  the  appearances  were  veiy  nearly  the  been  uiferred  that  this  planet  is  surrounded 
same ;  but  the  spots  as  represented  in  the  two  with  an  atmosphere  of  great  extent  Although 
figvres  were  seen  at  diflerent  times,  and  were  the  extent  of  this  atmosphere  has  been  much 
evidently  on  diflerent  hemispheres  of  the  pla-  overrated,  yet  it  is  generaUy  admitted  by 
net,  which  were  presented  in  succession  by  its  astronomers  that  an  atmosphere  of  oonsider- 
rootion  of  rotation.  The  instrument  us^  in  able  density  and  elevation  exists.  Both  Cas- 
the  observations  was  a  44|  inch  achromatic  sun  and  Roemer  observed  a  star,  at  six  minutes 
telescope,  with  magnifying  pow^s  of  150  and  from  the  disk  of  Mars,  become  so  faint  before 
180  times.  it  was  covered  by  the  planet  that  it  could  not 

Besides  the  dark  spots  here  delineated,  there  be  seen  even  with  a  three  feet  telescope; 
is  a  small  portion  of  the  globe  of  Mars,  round   which,  in  all  probability,  was  caused  by  the 
its  south  pole,  which  has,  at  least  occasionally,   light  of  the  star  being  obscured  by  passing 
a  much  brighter  appearance  than  the  other   through  the  dense  part  of  the  atmosphere  of 
parts.    Maraldi,  who  made  observations  on   the  planet    It  is  doubtless  owing  to  this  cir- 
Mars  about  the  year   1719,  says  that  this   cumstance  that  Mars  presents  so  ruddy  an 
br^iht  spot  had  been  noticed  for  sixty  years   appearance,  more  so  than  any  other  planet  or 
before  that  period,  and  that  it  is  more-perma-   star  in  the  nocturnal  sky.     When  a  beam  of 
nent  than  any  of  the  other  spots  of  Mars ;   fight  passes  through  a  dense  medium,  its 
that  this  segment  or  zone  is  not  all  of  equal   colour  inclines  to  red,  the  other  rays  being 
bri^tness,  more  than  one  half  of  it  being   partly  reflected  or  absorbed.    Thus  the  mom- 
brighter  than  the  rest;  that  the  part  which  is   ing  and  evening  clouds  are  generally  tinged 
least  bright  is  subject  to  great  changes,  and   with  red,  and  the  sun,  moon,  and  stars,  when 
lias  sometimes  disappeared ;  and  that  there   near  the  horizon,  either  rising  or  setting,  uni- 
lias  sometimes  been  seen  a  similar  luminous   formly  assume  a  ruddy  aspect,  because  their 
nme  round  the  north  pole  of  Mars,  which  has  light  then    passes  tlnough  the  lower  and 
appeared  of  different  brightness  in  different  denser  part  of  our  atmosphere.    When  the 
years.    The  bright  spot  at  the  polar  point  is  light  of  the  sun  passes  through  the  atmo- 
represented  at  a,  Figures  41  and  42.    These   sphere  of  Mars,  the  most  refrangible  colours, 
white  spots  have  been  conjectured  to  be  snow,   such  as  the  violet,  will  be  partly  absorbed ; 
as  they  disappear  when  diey  have  been  long  and  before  the  reflected  rays  reach  the  earth, 
exposed  to  the  sun,  and  are  greatest  when  they  must  again  pass  through  the  atmosphere 
jast  emerging  fiom  the  long  night  of  the   of  the  planet,  and  be  deprived  of  another  por- 
polar  winter  in  that  planet     This  is  the   tion  of  the  most  refrangible  rays ;  and,  couse- 
opinion  of  Sir  W.  Herschel,  in  his  paper  on  quently,  the  red  rays  will  pruiominate,  and 
this  sulject  in  the  Philosophical  Transactions,   the  planet  assume  a  dull  red  colour.  *  This  I 
Tn  tile  year  1781,"  says  this  astronomer,   conceive  to  be  the  chief  reason  why  I  could 
**  the  south  polar  snot  was  extremely  large,   never  perceive  Mars  in  the  daytime,  even 
which  we  might  well  expect,  as  that  pole  had   when  in  the  most  favourable  position,  so  dis- 
but  lately  been  involved  in  a  whole  twelve-   tincdy  as  Jupiter,  although  the  quantity  of 
month's  darkness  and  absence  of  the  sun ;   solar  light  which  falls  on  this  planet  is  more 
but  in  1783  I  found  it  considerably  smaller  than  eleven  times  greater  than  what  falls  on 
than  beforehand  it  decreased  continnally  from   Jupiter ;  which  seems  to  indicate  that  Jupiter 
the  20th  of  May  till  about  the  middle  of  Sep-  is  surrounded  with  a  less  dense  and-  more 
tember,  when  it  seemed  to  be  at  a  stand,   transparent  atmosphere.    Sir  W.  Htrschel, 
During  this  last  period  the  south  pole  had  though  he  questions  the  accuracy  of  some  of 
about  eight  months  enjoying  the  the  observations  of  the  dimness  caused  by  tha 
of  sammar,  and  still  oontinued  to  re-  appolses  of  the  fixed  stan  to  this  planet,  yet   . 
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tdmita  that  it  has  a  considerable  atmoephere.  below,  yet,  were  we  to  view  their  upper  ear- 
**  For/' says  he,  *' besides  the  permanent  spots  face  from  a  distance  when  the  son  shinep 
on  its  surface,  I  have  often  noticed  occasional  upon  them,  they  would  undoubtedly  present 
changes  of  partial  bright  belts,  and  also  once  a  bright  appearance  by  the  reflection  of  the 
a  darkish  one  in  a  pretty  high  latitude :  and  solar  rays.  It  is  doubtless  owing  to  the  ooca- 
these  alterations  we  can  hardly  ascribe  to  any  sional  interposition  of  such  clouds  in  the 
other  cause  than  the  variable  disposition  of  atmosphere  of  Mars  that  the  permanent  spots 
clouds  and  Tapours  floating  in  the  atmosphere  sometunes  appear  to  vary  their  form  and 
of  the  planet"  aspect.    3.  A  variety  of  seasons^  somewhat 

Conckmons  respecting  the  Physical  Can-  similar  to  ours,  must  be  experienced  in  this 
stitution  of  Mars. — ^From  the  preceding  ob-  planet.  The  diversity  of  seasons  on  our 
servations  and  the  views  we  have  exhibited  globe  arises  chiefly  from  the  inclination  of  its 
of  this  planet,  I  presume  we  are  warranted  to  axis  to  the  plane  of  the  ecliptic  Now,  in 
deduce,  with  a  high  degree  of  probability,  the  reference  to  Mars,  tlie  axis  of  rotation  is  in^ 
following  conclusions :  1.  That  land  and  dined  to  its  orbit  at  even  a  greater  angle  than 
water,  analogous  to  those  on  our  globe,  exist  that  of  the  earth ;  and,  therefore,  the  contrast 
in  the  planet  Mars.  The  dark  spots  are  between  its  opposite  seasons  is  probably  more 
obviously  the  water  or  seas  upon  its  surface,  marked  and  striking  than  on  the  earth.  The 
which  reflect  a  much  less  proportion  of  the  seasons  will  also  continue  for  a  much  longer 
solar  light  than  the  land.  **  The  seas,"  says  period  than  with  us,  as  the  year  in  Mars  is 
Sir  John  Heischel,  "  by  a  general  law  in  neariy  double  the  length  of  ours,  so  that  sum- 
optics,  appear  greenishf  and  form  a  contrast  mer  and  winter  will  be  prolonged  for  a  period 
to  the  land.  I  have  noticed  this  phenomenon  of  eight  or  nine  months  respectively.  If  the 
on  many  occasions,  but  never  more  distinct  opinion  of  Sir  W.  Herschel  be  correct,  thai 
than  on  the  occasion  when  the  drawing  was  the  white  spots  at  the  poles  of  Mars  are 
made;"  from  which  the  figure  of  Mars  in  his  caused  by  the  reflection  of  the  sun's  rays 
**  Astronomy"  is  engraved.  It  is  not  im-  firom  masses  of  ice  and  snow,  it  will  afibrd  an 
probable,  from  the  size  of  the  darii  spots  additional  proof  of  the  existence  of  a  diversity 
compared  with  the  whole  disk  of  Mars,  that  of  seasons  on  this  planet,  and  that  its  inhabifc- 
about  one-third  or  one-fourth  of  the  surface  ants  are  subjected  to  a  winter  of  great  severity 
of  that  planet  is  covered  with  water.  If  this  and  of  long  duration.  4.  This  planet  bears  a 
estimate  be  nearly  correct,  it  will  follow  that  more  striking  resemblance  to  the  earth  than 
the  quantity  of  land  and  water  on  Mars  is  any  other  planet  in  the  solar  system.  Its 
nearly  in  a  reverse  proportion  to  that  which  distance  from  the  sun,  compared  with  that 
obtains  on  our  globe,  where  the  quantity  of  of  the  other  superior  planets,  is  but  a  little 
water  is  nearly  four  times  greater  than  that  more  than  that  of  the  earth.  The  distinction 
of  the  land.  The  dark  spots  in  some  of  the  of  land  and  water  on  its  surface  is  more 
views  givei>  above  seem  to  convey  the  idea  strikingly  mariced  than  on  any  of  the  other 
of  several  large  gulfs  or  bays  running  up  into  planets.  It  is  encompassed  with  an  atmo- 
the  land.  The  various  appearances  of  these  sphere  of  connderable  extent  It  is  probable 
spots  which  we  have  delineated  are  partly  that  large  masses  of  clouds  are  occaaonally 
owing  to  the  difl&rent  relations  and  positions  formed  in  that  atmosphere,  such  as  sometimes 
in  which  they  appear  during  different  periods  hover  over  the  whole  of  Britain,  and  even  of 
of  the  planet's  rotation,  as  I  have  already  Europe,  for  several  weeks  at  a  time.  The 
shown  would  happen  in  the  appearance  of  length  of  the  day  is  nearly  the  same  as  ours, 
the  earth  were  it  viewed  from  a  distance  in  and  it  has  evidently  a  succession  of  diflkrent 
the  heavens  (see  page  51.)  2.  It  is  pro-  seasons.  Were  we  warranted  from  such  cir- 
bable,  too,  that  there  are  strata  of  clouds  of  cumstances  to  form  an  opinion  respecting  the 
considerable  ^tent  occasionally  floating  in  physical  and  moral  state  of  the  befngs  that 
the  atmosphere  of^  Mars ;  for  some  of  the  inhabit  it,  we  might  be  apt  to  conclude  that 
observers  referred  to  above  have  remarked  they  are  in  a  condition  not  altogether  very 
that  some  of  the  spots  "changed  their  form  in  different  from  that  of  the  inhabitants  of  our 
the  course  of  a  month ;"  and  Sir  W.  Herschcl,   globe. 

as  above  stated,  declares  that  be  has  noticed  Magnitude  and  Extent  of  Surface  of 
"occasional  changes  of  partial  bright  belts.  Mars. — This  planet  ii  now  estimated  to  be 
and  also  once  of  a  darkiiii  one."  These,  in  about  4200  miles  in  diameter,  which  is  only 
all  probability,  were  clouds  of  greater  or  less  a  little  more  than  half  the  diameter  of  the 
density^which,  for  the  most  part,  woukl  appear  earth.  It  contains  88,792,000,000,  or  mora 
brightePthan  the  seas  by  the  reflection  of  the  than  38  thousand  millions  of  solid  miles ;  and 
solar  rays  from  their  upper  surfaces ;  for  the  number  of  square  miles  on  its  8nrfiu»  is 
although  the  under  surfiice  of  dense  clouds  55,417,824,  or  more  than  fifly-five  millinni^ 
appears,  dark  to  us  who  view  them  from  which  is  tiboni  six  millions  qf  square 
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than  on  all  the  habitable  parts  of  our  have  hitherto  done,  and  it  is  poarible  our  dili- 
globe.  At  the  rate  of  population  formerly  gence  may  bo  rewarded  with  the  discovery, 
gteted,  880  to  a  squarf  mile,  it  would  contain  The  long  duration  of  winter  in  the  polar 
a  population  of  more  than  fifteen  thousand  regions  odT  Mars  seems  to  require  a  moon  to 
five  hundred  millions,  which  is  nineteen  times  cheer  them  during  the  long  absence  of  the 
the  number  of  the  inhabitants  of  the  earth ;  sun ;  and  if  there  be  none,  2ie  inhabitants  of 
but,  as  it  is  probable  that  one-third  of  the  those  regions  must  be  in  a  far  more  dreary 
snrfiioe  of  Mars  is  covered  with  water,  should  condition  than  the  Laplanders  and  Green- 
we  subtract  one-third  from  these  sums  there  landers  of  our  globe, 
would  still  remain  accommodation  for  twelve  Proportion  of  Light  on  the  Surface  of 
times  the  number  of  the  population  of  our  Mars, — As  the  quantity  of  solar  light  on  any 
globe.  of  the  planets  is  in  an  inverse  proportion  to 

No  moon  or  secondary  planet  has  yet  been  their  distances  firom  the  sun,  the  quantity  of 
discovered  about  Mars;  yet  this  is  no  proof  light  which  fails  upon  Mars  wUl  be  much  less 
that  it  is  destitute  of  such  an  attendant ;  for  than  that  which  we  enjoy.  It  is  nearly  in  the 
as  all  the  secondary  planets  are  much  less  proportion  of  43  to  100,  which  is  less  than 
than  their  primaries,  and  as  Mars  ranks  among  one-half  of  the  light  which  &lls  upon  the 
the  smallest  planets  of  the  system,  its  satellite,  earth.  This  is  partly  the  reason  why  Mart 
if  any  exist,  must  be  extremely  small.  The  appears  so  much  less  brilliant  than  Venus, 
second  satellite  of  Jupiter  is  only  the  1-43  but  it  is  not  the  only  reason ;  for  Jupiter  ap- 
part  of  the  diameter  of  that  planet ;  and  a  pears  much  more  brilliant  than  Mars,  although 
satellite  bearing  the  same  proportion  to  Mars  he  is  placed  at  a  much  greater  distance  from 
would  be  only  ninety-seven  miles  in  diameter,  the  sun.  The  refituition,  reflection,  and  ab- 
Bnt,  suppose  it  were  double  this  size,  it  could  sorption  of  the  rays  of  light,  in  passing  through 
scarcely  be  distinguishable  by  our  telescopes,  the  dense  atmosphere  to  which  we  have  allud- 
cspecially  when  we  consider  that  such  a  satel-  ed,  form,  doubtless,  one  principal  reason  why 
lite  would  ne%'er  appear  to  recede  to  any  con-  Mars  appears  more  sombre  in  its  aspect  thah 
siderable  distance  from  the  margin  of  Mars.  Jupiter  or  Venus.  The  following  figure  re- 
The  distance  of  the  first  satellite  of  Jupiter  is 

only  three  diameters  of  that  planet  from  its  ^^9*  ^^* 

centre ;  and  the  distance  of  the  first  satellite 
of  Saturn  is  but  one  diameter  and  two  thirds 
from  its  centre.  Now,  if  a  satellite  of  the 
rize  we  have  supposed  were  to  revolve  round 
Man  at  the  distance  of  only  two  or  three  of 
Its  diameters,  its  nearness  to  the  body  of  Mars 
would  generally  prevent  its  being  perceived, 
unless  with  telescopes  of  very  great  power 
and  under  certain  fiivourable  circumstances; 
and  it  could  never  be  expected  to  be  seen  but 
about  the  time  of  that  Janet's  opposition  to 
the  sun,  which  happens  only  at  an  interval  presents  the  apparent  size  of  the  sun  as  seen 
of  more  than  two  yearv.  If  such  a  satellite  from  Mars  and  the  earth.  The  circle  m  re- 
exist,  it  is  highly  probable  that  it  will  revolve  presents  the  rize  of  the  sun  as  seen  from  Mars, 
at  the  nearest  posrible  distance  from  the  planet,  and  e  as  seen  firom  the  earth.  The  degree  of 
in  order  to  afford  it  the  greatest  quantity  of  heat  on  difierent  parts  of  this  planet  will  de- 
light; in  which  case  it  would  never  be  seen  pend  upon  various  circumstances;  the  inclinsp 
beyond  two  minutes  of  a  degree  from  the  tion  of  its  axis,  the  positions  of  places  in  respect 
margin  of  the  planet,  and  that  only  in  certain  to  its  equator  and  poles,  the  nature  of  its  soil, 
favourable  poritions.  If  the  plane  of  its  orbit  the  materials  whidi  compose  its  surface,  the 
lay  nearly  in  a  line  with  our  axis  of  virion,  it  quantity  of  water  in  different  regions,  the  con- 
would  frequently  be  hidden  either  by  the  stitution  of  its  atmosphere,  and  other  drcum- 
interporition  of  the  body  of  Mars  or  by  tran-  stances  with  which  we  are  unacquainted, 
riting  its  disk.  It  is  therefore  posrible,  and  The  figure  of  Mars  is  an  oblate  spheroid, 
not  at  all  improbable,  that  Mars  may  have  like  that  of  the  earth,  but  much  flatter  at  the 
a  satellite,  although  it  has  not  yet  been  dis-  poles.  Its  equatorial  diameter  is  to  its  polar 
covered.  It  is  no  argument  for  the  non-ex-  as  1355  to  \27t,  or  nearly  as  16  to  15 ;  con- 
istence  of  such  a  body  that  we  have  not  yet  sequently,  if  its  equatorii^  diameter  be  4200 
seen  it ;  but  it  ought  to  serve  as  an  argument  miles,  its  polfltr  diameter  will  be  only  3937, 
to  stimulate  us  to  apply  our  most  powerful  which  is  263  miles  riiorter  than  the  equatorial, 
instruments  to  the  regions  around  this  planet  The  mass  of  this  planet  compared  with  thai 
with  more  fVequency  and  attention  than  we  of  the  sun  is  as  1  to  1,846,082.    lu  density 
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compond  witb  water  is  as  3  3-7  to  ],  which  discovered  hy  Bn  Olbers,  6f  Bremen,  after  a 

is  considerably  less  than  that  of  the  earth,  but  series  of  unwearied  observations  and  laborioni 

greater  than  the  general  density  of  the  rocks  calculations,  founded  on  a  few  insulated  facta 

and  other  materials  which  compose  tlie  surface  which  had  been  stated  by  Piazza.    Dr.  Brew- 

of  our  globe.  A  body  which  weighs  one  pound  ster  states,  in  the  "  Edinburgh  Encylopsdia," 

OQ  the  surface  of  the  earth  would  weigh  only  vol.  ii.  p.  638,  and  likewise  in  his  second  edi- 

^Ye  ounces  six  drachms  on  the  surface  of  tion  of  "  Ferguson's  Astronomy,''  vol.  il  p. 

Mars.  38,  "  that  the  rediscovery  of  this  planet  l^ 

Olbers  did  not  take  place  till  the  1st  of  Janu- 

T.  osr  f  HZ  XATEi.T>DTscoysBSD  PLAVKTS  vj  1807 ;"  wUch  must  be  a  mistake,  for  in 

TEST  Ay  JUKO,  czBss,  AVD  PALX.AS.  **  Lo  Dtcode  PMlosophtqitet,"  for  July,  1803, 

it  is  stated  that  Dr.  Olbers,  some  time  before. 

The  immense  interval  which  lies  between  received  La  Landc's  prize   for  having  dis- 

the  orbits  of  Mars  and  Jupiter  led  some  astro*  covered  the  planet  Pallas ;  and,  at  the  same 

nomers  to  surmise  that  a  planet  of  considerable  time,  his  merit  is  referred  to  in  having  redis- 

magnitude  might  possibly  exist  somewhere  covered  Ceres,  and  having  been  among  the 

within    this    limit     This    conjecture   was  first  that  announced  it  to  the  world.   Besides^ 

grounded  on  the  intervals  which  exist  between  Sir  W.  Herschel  has  observations  on  this 

&e  rest  of  the  planetary  orbits.    Between  the  plsnet  in  the  **  Philosophical  Transactions," 

orbits  of  Mercury  and  Venus  there  is  an  inter-  of  date  February  7,  1802,  which,  of  course, 

val  of  31,000,000  of  miles;  between  those  of  was  poaterior  to  Dr.  Giber's  rediscovery. 

Venus  and  the  earth,  27,000,000 ;  between  The  planet  FaUas^  or,  as  it  is  sometimes 

those  of  the  earth  and  Mars,  60,000,000 ;  but  named,  Olbers,  was  discovered  on  the  28th  of 

between  the  orbits  of  Mars  and  Jupiter  there  March,  1802, — only  fifteen  months  afler  the 

intervenes  the  immense  space  of  349,000,000  discovcxy  of  Ceres, — by  Dr.  Olbers,  a  physician 

of  miles.    Here  the  order  of  the  solar  system  at  Bremen,  in  Lower  Saxony,  distinguidied 

was  supposed  to  be  interrupted,  which  would  for  his  numerous  celestial  observations,  and 

form  an  exception  to  the  general  law  of  the  for  his  easy  and  commodious  method  of  calcu- 

proportion  of  the  planetary  distances.    No  lating  the  orbits  of  comets.    The  planet  Juno 

planetary  body,  however,  was  detected  within  was  discovered  on  the  evening  of  September 

this  interval  till  the  beginning  of  the  present  1,  1804,  within  two  years  and  a  half  of  tho 

century ;  and,  instead  of  one  large  body,  as  discovery  of  Pallas,  by  M.  Harding,  at  the  ob- 

was  surmised,  four  very  small  ones  have  been  servatory  of  Lilienthal,  near  Bremen,  while 

discovered.    These  bodies  are  situated  at  a  endeavouring  to  form  an  atlas  of  all  the  stars 

distance  from  Mars  nearly  corresponding  to  near  the  orbits  of  Ceres  and  Pallas,  with  the 

the  order  and  proportion  to  which  we  have  view  of  making  further  discoveries.    While 

now  alluded ;  and  this  circumstance  leads  to  thus  engaged,  he  perceived  a  small  star  of 

a  beUof  "  that  it  is  something  beyond  a  mere  about  the  eighth  magnitude,  which  was  not 

accidental  coincidence,  and  belongs  to  the  marked  in  the  Celestial  Atlas  of  La  Lande, 

essential  structure  of  the  system."    As  these  which  he  pul  down  in  his  chart    Two  days 

bodies  are  invisible  to  the  naked  eye,  and  can  afterward  he  found  that  the  star  had  disap- 

only  be  seen  in  certain  favourable  positions,  peered  firom  the  position  in  which  he  had 

and  as  only  a  short  period  has  elapsed  since  marked  it ;  but  a  Uttle  to  the  south-west  of 

their  discovery,  we  are  not  yet  much  aquainted  that  position  he  perceived  another  star  rescm* 

with  many  of  their  phenomena  and  physical  bling  it  in  size  and  colour ;  and  having  olv 

peculiarities.  served  it  again  on  the  6th  of  September,  and 

Of  these  four  bodies,  the  first  discovered  finding  that  it  had  moved  a  litde  in  the  same 

was  that  which  is  now  named   Cerea,  and  direction  as  before,  he  concluded  that  it  was  a 

sometimes  Piazzi,  from  the  name  of  its  dis*  moving  body  connected  with  the  solar  system, 

coverer.    It  was  discovered  at  Palermo,  in  the  The  planet  Vesta  was  discovered  on  tiie 

island  of  Sicily,  on  the  Ist  of  January,  1801,  29th  of  March,  1807,  little  more  than  two 

or  the  first  day  of  the  present  centuiy,  by  years  and  a  half  after  the  discoveiy  of  Juno, 

Piazzi,  a  celebrated  astronomer  belonging  to  so  that  four  primary  planets  belonging  to  our 

that  city,  who  has  since  distinguished  himself  system,  which  had  been  hidden  for  Uiousands 

by  his  numerous  observations  on  the  fixed  of  years  from  the  inhabitants  of  our  globe, 

stars.    This  new  celestial  body  was  then  situ-  were  discovered  within  the  space  of  littie  more 

ated  in  the  constellation  Taurus,  and,  conse-  than  six  years.    Vesta  must  then  have  been 

quently,  at  no  very  great  distance  from  its  near  its  opposition.     The^  discovery  of  Vesta 

opposition  to  the  sun.    It  was  obsencd  by  was  made  by  Dr.  Olbers,  who  had  previously 

Piazza  till   the   12th  of  February  following,  discovered    Pallas,  and  rediscovered   Ceres. 

when  a  dangerous  illness  compelled  him  to  He  had  formed  an  idea  that  the  three  small 

discontinue  his  observations ;  but  it  was  again  bodies  lately  discovered  might  possiblj  be  tho 
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fimgmcnU  of  a  larger  planet,  wMch  had  been  This  was  doubtless  a  remarkable  coincidence 

baxst  asimder  by  some  unknown  aiid  power-  of  theory  with  obeervation,  and  affords  a  pre- 

fiil  irropdve  force  proceeding  from  its  interior  sumption  that  the  conjecture  of  this  eminent 

parts,  and  that  more  fivigments  might  still  be  astronomer  may  possibly  have  a  foundation  in 

detected.    'Whether  this  opinion  be  tenable  fact 

or  not,  it  seems  to  have  led  to  the  discovery       The  following  is  a  summary  of  what  has 

of  Vesta  ;  for  the  doctor  conckided,  if  his  opi-  been    ascertained    respecting   the  distances, 

nion  were  just,  that  although  the  orbits  of  all  magnitudes,  and  motions  of  tiiese  bodies : 
thefe  fragments  might  be  differently  inclined        The  Planet  Vesta. — ^The  mean  distance  of 

to  the  ecliptic,  yet,  as  they  must  all  have  di'  this  planet  from  the  sun  is  reckoned  to  be 

verged  from  the  same  pmnt,  '*  they  ought  to  about  225  millions  of  miles ;  its  annual  revo- 

have  two  common  points  of  reunion,  or  two  lution  is  completed  in  about  3  years  7  1-2 

nodes  in  opposite  regions  of  the  htavens,  months,  or  in  1825  days ;  the  circumference 

through  which  all  the  planetary  fragments  of  its  orbit  is  1414  miUions  of  miles,  and,  of 

mast  sooner  or  later  peas."    One  of  these  course,  it  moves  with  a  velocity,  on  an  aver- 

nodes,  or  points  of  intersection  of  the  orbits,  age,  of  more  than  44,000  miles  an  hour.  The 

he  found  to  be  in  the  sign  Virgo,  and  the  inclination  of  its  orbit  to  the  plane  of  the  eclip- 

other  in  the  constellation  of  the  Whale  ,•  and  tic  is  seven  degrees,  eight  minutes ;  and  its 

h  was  actually  in  the  regions  of  the  Whale  eccentricity  21  millions  of  miles.  The  diame^ 

(hat  the  planet  Juno  was  discovered  by  M.  ter.  of  this  planet  has  been  estimated  by  some 

Haixling.  With  the  view,  therefore,  of  detect-  astronomers  at  only  about  270  miles ;  and,  if 

ing  other  fragments,  if  any  should  exist.  Dr.  this  estimate  be  correct,  it  will  contain  only 

Olbers  examined,  three  times  every  year,  all  229,000  square  miles,  or  a  surface  somewhat 

the  small  stars  in  ^e  opposite  constellations  less  than  Great  Britain,  France,  and  Ireland ; 

of  Vicgo  and  the  Whale,  and  in  the  constella-  and,  according  to  the  rate  of  population  for^ 

tion  Virgo  Uie  planet  Vesta  was  first  seen.*  merly  stated,  would  contain  64  millions  of  in- 
habitants, or  about  five  times  the  number  of 

•  waiiam  Olbers,  M.  I).,  the  dlicoverer  of  Vesta  the  inhabitants  of  the  United  States  of  Ame- 

and  Paliai*,  was  born  on  Ihe  1 1th  of  October,  1758,  _i_^    __.  „-__i„  t\>^  f...«iAk  .w.-*  «^  *u^  .^rx»..,i. 

at  Arberiren,  a  vHlaire  in  the  D-ichy  of  Bremen,  ^^  ^  "««"y  the  twelfth  part  of  the  popular 

where  hi«  father  was  a  rierryman.  His  fitther,  be-  tion  of  the  earth.  It  is  probable,  however,  that 

sfdM  beinc  a  man  of  great  general  learning,  was  this  cstiihate  is  too  small,  and  that  the  appar- 

T.CoT™Twi!?„''l„;h  forriiVerreT/;  •»'  diameter  of  tW.  planet  ha,  not  ye.  be« 

great  taste  for  that  •clence.    During  an  evening  accurately  taken ;  for  the  light  of  this  body  is 

walk  in  ibe  nionth  of  Augiivt,  having  observed  the  considered  equal  to  that  of  a  star  of  the  fifth 

Pleiades,  oreeven  stara.  he  became  very  desirous  _,  -;-«u  ^»JL:u-.a^  -«.i  u  ,«-«  .»»«*:»,^«  w^ 

of  knowins  to  what  coirslellaiion  they  belonged,  ^f  «xth  naagnitude,  and  it  may  sometimes  be 

He  therefore  purchased  some  charts  and  books,  distmguished  m  a  dear  evening  py  the  naked 

and  began  to  study  this  science  with  the  greatest  ^ye.     Its  light  is  more  intense  and  white  than 

dIHgence  ;  he  read  with  the  greatest  avidity  every  j<  .  of  oith^  OrPA.  Jnno  or  Palliis  •  anH  it  in 

astronomical  work  he  was  able  to  procure,  and  in  *""  ^  eitnet  ^res,  J  uno,  or  raUas ,  and  it  is 

a  few  months  made  himself  aquainted  with  all  the  not  surrounded  with  any  nebulosity,  as  some 

constellations.    Finding  that  a  knowledge  of  ma-  of  these  planets  are.    It  is  not  likely  that  a 

thematirs  was  necessary  to  the  study  of  astrono-  v»«j«  «f  «k:.  -:—  ^^„%a  u-  -^-«,  -♦  «k-».  a;^^^.^ 

my,  he  devoted  all  his  leisure  lime  to  this  suhject.  ^7  »' ^«  *^  CO^^^  ^  ««««  a^  ^^^  distance 

De  wan  at  the  same  time  engaged  in  the  study  of  of  130  millions  of  miles,  which  is  its  nearest 

nnedirlne  as  a  profession.    In  the  year  1779,  when  approach  to  the  earth,  and  that,  too,  by  the 

SJX^i%"S'«Tnin^r.h^^*4t  cS;^J"  A"i."  ~ked  eye  (•»  Schnx^ter  affirm,  he  did  «ver.l 

count  of  this  labour  was  published  in  the  "  Berlin  times,)  unless  the  substances  on  its  surface 

Astronomical  Calender**  for  1784.  where  it  is  ^g^  of  such  a  nature  as  to  reflect  the  solar 

m4»ntioned  that  Olbers  made  his  construction  one  '.i        i^  «.       j  r  u  -»• 

nishi  while  attending  a  patient;  and  yet  it  was  ^7^  ^"^  »  ^^  greater  degree  of  brilliancy 

afterward  found  that  his  determination  of  this  than  any  of  the  other  planets.     The  diameter 

ofbii  corresponded  with  the  roost  accurate  ele-  of  the  third  satellite  of  Jupiter  is  reckoned  at 

menie  of  the  comet  which  were  calculated.  Pince  «oryry     •!  j  '^        _r         r  ».  • 

thai  ppTlod,  the  astronomy  of  comets  has  been  his  ^^""  ™"^»»  W<»  ^^  surface,  of  course,  contains 

favonrite  study,  and  it  is  admitted  that  none  of  the  35,827,211  square  miles,  which  is  156  times 

roeiliAd*  formerly  tried  for  calculating  the  orbit  of  jneater  than  the  surface  of  Vesta,  accordins 

aronipt  is  so  simple,  and,  at  the  same  time,  so  ?  »t       ,  ^      *•  ^    v  *  •!.•       *  ir* 

elegant  as  that  of  ]Dr.  Olbirs.    When  at  Vienna,  ^  ^^  above  estimaUon.  Yet  this  satellite  can 

amid  all  his  applications  to  the  study  of  Medicine,  never  (or,  at  least,  but  nunely)  be  seen  by  the 

he  was  the  first  who  observed  the  planet  yranus  „aked  eye.    Vesta  is,  indeed,  only  about  one 

<a(Yer  its  discovery  by  Herschel)  on  the  17ih  of  ,v'_j  *l     j--.  c^  ^c  *u^      *  i.-*      c 

Augnrt,  1781.    On  thJ  19ih  he  perceived  its  mo-  third  the  distance  from  us  of  Uie  satellite  of 

tion.  and  eontinued  his  observations  till  the  end  Jupiter ;  but,  making  allowancls  for  this  dr- 

of  deptember,  at  which  period  it  was  considered  cumstance,  it  should  be  at  least  twenty  times 

as  a  comet.    Returning  from  the  scene  of  his  ,  •  ^       ^u  «.•      .  i     u 

stadiea.  be  settled  at   Bremen  as  a  physician,  I«^r  ««  surface  than  is  estimated  above  m 

where  he  soon  acquired  the  confidence  of  his  fel-  order  to  be  seen  by  the  naked  eve,  or  with  the 

low-elii««ns,  both  on  account  of  bis  successfbl  ^„^^  distinctness  'as  the  third  satellite  of  Jupi- 

gacilce  and  lategrity  and  aiftbilHy  of  his  charac  ^^^     ^  ^^^  ^^^  .^  ^^^^  ^^^^  ^  ^J^ 
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ter  of  at  least  1200  miles.    If  this  is  not  the  and  would  afibrd  aocommodation  for  9,31 9,* 

case,  there  must  he  something  very  peculiar  962,400,  or  more  than  2300  millions  of  in- 

and  extraordinary  in  the  reflective  power  of  habitants,  according  to  the  rate  of  population 

the  materials  which  compose  its  surface  to  pro-  in  England,  which  is  nearly  triple  the  present 

duce  such  an  intensity  of  light  from  so  small  a  population  of  the  earth.    This  planet  is  of  a 

body  at  so  great  a  distance  as  130  millions  of  slight  ruddy  colour,  and  appears  about  the 

miles.    I  am  therefore  of  opinion  that  the  size  size  of  a  star  of  the  eighth  magnitude,  and  is 

ofthis  planet  has  not  yet  been  accurately  ascei-  consequently  invisible  to  the  naked  eye.    It 

tained,  and  that  future  and  more  accurate  ob-  seems  to  be  surrounded  with  a  dense  atmo- 

servations  are  still  requisite  to  determine  its  sphere,  and  exhibits  a  disk  or  sensible  breadth 

apparent  diameter  and  real  magnitude.  of  surface  when   viewed  witli  a  magnifying 

The  PUmd  Juno* — ^The  next  planet  in  the  power  of  two  hundred  times.  Schroeter  has 
order  of  the  system  is  Juno.  Its  distance  detero&ined,  from  a  great  number  of  observa- 
from  the  sun  is  estimated  at  254  millions  of  tions,  that  its  atmosphere  is  about  ax  hundred 
miles.  The  circumference  of  its  orbit  is  1596  and  seventy-five  English  miles  in  height,  and 
millions  of  miles.  Through  this  circuit  it  that  it  is  subject  to  numerous  changes.  Like 
moves  in  four  years  and  128  days,  at  the  rate  the  atmosphere  of  the  earth,  it  is  very  dense 
of  41,850  miles  every  hour.  Its  diameter,  ao-  near  the  planet,  and  becomes  rarer  at  a  great- 
cording  to  the  estimate  of  Schroeter,  is  1425  er  distance,  which  causes  its  apparent  dia- 
English  miles.  Its  surface  will  therefore  con-  meter  to  appear  somewhat  variable.  When 
tain  six  millions,  three  hundred  and  eighty  this  planet  is  approaching  the  earth,  towards 
thousand  square  miles,  and  a  population  of  the  point  of  its  opposition  to  the  sun,  its  dla- 
one  thousand,  seven  hundred  and  eighty-six  meter  increases  more  rapidly  than  it  ought  to 
millions,  which  is  more  than  double  the  num-  do  from  the  diminution  of  its  distance,  which 
ber  of  the  earth *s  inhabitants.  The  orbit  of  Schroeter  supposes  to  arise  from  the  finer  ex- 
Juno  is  inclined  to  the  ecliptic  in  an  angle  of  terior  strata  of  its  atmosphere  becoming  visible 
thirteen  degrees,  three  minutes.  Its  ecoentrx-  while  it  approaches  the  earth.  He  also  per- 
city  is  63,588,000  miles,  so  that  its  greatest  ceived  that  the  visible  hemisphere  of  the  planet 
distance  from  the  sun  is  316,968,000  miles,  was  sometimes  overshadowed,  and  at  other 
while  its  least  distance  is  only  189,792,000.  times  cleared  up,  so  that  he  concludes  there  is 
Its  apparent  diameter  as  seen  from  the  earth  little  chance  of  discovering  the  period  of  its 
is  little  more  than  three  seconds.  This  planet  diurnal  rotation.  The  inclination  of  its  orbit 
is  of  a  reddish  colour,  and  is  fiiee  from  any  to  the  ecliptic  is  in  an  angle  of  ten  degrees, 
nebulosity ;  yet  the  observations  of  Schroeter  thirty-seven  minutes.  The  intensity  of  light 
render  it  probable  that  it  has  an  atmosphere  upon  its  surface  is  more  than  seven  times  less 
more  dense  than  that  of  any  of  the  old  planets  than  what  we  enjoy. 

of  the  system.    A  remarkable  variation  in  the  Sir  William  Herschel,  in  the  year  1802, 

brilliancy  of  this  planet  has  been  observed  by  after    the  discovery  of  Ceres  and    Pallas^ 

this  astronomer,  which  he  attributes  to  changes  made  a  number  of  observatiotts  to  ascertain  if 

that  are  going  on  in  its  atmosphere,  and  thinks  any  of  these  bodies  were  accompanied  with 

it  not  improbable  that  these  changes  may  satellites.    Several  very  small  stars  were  occa- 

arise  from  a  diurnal  rotation  performed  in  sionally  perceived  near  Ceres  with  high  mag^ 

twenty-seven  hours.  nifying  powers,  of  the  positions  and  motions 

The  Planet  Ceress — ^This  planet  is  about  of  which  he  has  given  several  delineations; 

263  millions  of  miles  from  the  sun,'  and  com-  but  it  did  not  appear  probable,  in  sulisequent 

pletes  its  annual  revolution  in  four  years,  observations,  that  they  accompanied  the  planet, 

seven  months,  and  ten  days.    The  circumfer-  In  hu  observation  of  April  28,  with  a  power 

ence  of  its  orbit  is  1653  millions  of  miles,  and  of  550,  he  says,  **  Ceres  is  surrounded  with  a 

it  moves  at  the  rate  of  about  forty-one  thou-  strong  haziness.    The  breadth  of  the  coma, 

sand  miles  an  hour.    The  eccentricity  of  its  beyond  the  disk,  may  amount  to  the  extent 

orbit  is  20,598,000  miles.    Its  greatest  di»*  of  a  diameter  of  the  disk,  which  is  not  very 

tance  from  the  sun  is  283,500,000  miles,  and  sharply  defined.    Were  tiie  whole  coma  and 

its  least  distance  242,300,000.     Its  apparent  star  taken  together,  they  would  be  at  least 

mean  diameter,  including  its  atmosphere,  ac-  three  times  as  large  as  my  measure  of  the 

cording  to  Schroeter,  is  somewhat  more  than  star.    The  coma  is  very  dense  near  the  nu- 

six  seconds  at  its  mean  distance  from  the  cleus ;  but  loses  itself  pretty  abniptly  on  the 

earth.    Its  real  diameter,  according  to  the  outside,  though  a  gradual  diminution  is  still 

estimate  of  the  same  astronomer,  is   1624  very  perceptible."    These  observations  seem 

English  miles ;  but,  including  its  atmosphere,  to  corroborate  the  idea  that  Ceres  is  encom- 

is  2974  miles.   Its  surface,  therefore,  contains  passed  with  an  atmosphere  of  great  density 

6,285,580  square  miles,  or  about  the  one  sixth  and  elevation. 

part  of  the  habitable  portbns  of  our  globe ;  T%e  Pkmet  PaUtu* — ^This  planet  revolvca 
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about  the  si^i  at  the  mean  distance  of  two  twenty  feet  reflector,  power  477, 1  see  PaOas 

hmdxed  and  sixty-three  millions  of  miles,  and  well,  and  perceive  a  very  small  disk,  with  a 

finiabes  its  revolution  in  1681  days,  17  hours,  coma  of  some  extent  about  it,  the  whole 

or  in  four  years  and  seven  and  one  third  diameter  of  which  may  amount  to  six  or  seven 

months,  which  is  within  a  day  of  the  time  of  times  that  of  the  disk  alone/' — Philosophical 

the  revolution  of  Ceres.    Its  distance  is  like-  Tranmciitms  for  1802. 
wise  nearly  the  same  as  that  planet,  and  the       The  diameter  of  this  planet  has  not,  per- 

drcumference  of  its  orbit  will  also  be  nearly  haps,  been  ascertained  with  sufficient  pred- 

the  same.     This  planet,  however,  is  distin-  sion.    The  diiierence  in  the  estimates  formed 

guished  in  a  remarkable  degree  both  from  by  Sir  W.  Herschel  and  M.  Schroeter  is  very 

Ceres  and  from  all  the  other  planets  by  the  great    According  to  Schroeter,  the  diameter 

very  great  inclination  of  its  orbit  to  the  plane  of  Pallas  is  2099  miles.    If  this  estimate  be 

of  the  ecliptic.    This  inclination  is  no  less  nearly  correct,  Pallas  will  be  about  tho  size  of 

than  thirty-four  degrees,  thirty^even  minutes,  our  moon,  and  will  comprehend  on  its  surface 
or  nearly  five  times  the  inclination  of  Mei- .nearly  fourteen  millions  of  square  miles,  which 

coiy's  orbit,  which  was  formerly  reckoned  to  would  accommodate  a  population  of  nearly 

have  the  greatest  inclina;don  of  any  of  the  four  thousand  millions,  or  five  times  the  popu- 

planetary  orbits.    The  fccmMaVy  of  the  orbit  lation  of  our  world.    The  apparent  mean 

of  Pallas  is  likewise  greater  than  that  of  any  diameter  of  this  planet,  comprehending  its  at- 

of  the  other  planets,  being  no  less  than  64,-  mosphere,  at  its  mean  distance  from  the  earth, 

516,000  miles,  so  that  this  planet  is  129,000,-  according  to  Schroeter,  is  six  and  a  half  se- 

000  of  miles  nearer  the  sun  in  one  part  of  its  conds. 

orbit  than  it  is  at  the  opposite  extremity.    Its       Such  is  a  brief  view  of  the  principal  facts 

greatest  distance  from  the  sun  is  827,437,000  which  have  been  ascertained  respecting  the  ' 

miles,  and  its  least  distance  only  198,404,000  planets  Vesta,  Juno,  Ceres,  and  Pallas.    All 

milee.     Of  course,  its  rate  of  moUon  in  its  these  bodies  are  situated  between  the  orbits 

orbit  must  be  very  variable,  sometimes  moving  of  Mars  and  Jupiter,  and  they  are  all  invisible 

several  thousands  of  miles,  an  hour  swifter  at  to  the  naked  eye,  except,  perhaps,  the  planet 

one  time  than  at  another,  which  is  likewise  Vesta,  when  in  certain  favourable  positions, 

the  case,  in  a  remarkable  degree,  with  the  The  real  magnitudes  of  these  planets  are  not 

planet  Juno.    Its  mean  motion  is  about  41,-  to  be  considered  as  yet  accurately  determined ; 

000  miles  an  hour.  they  may  be  a  little  greater  or  less  than  what 
This  planet  presents  a  ruddy  aspect,  but  is  stated  above,  though  it  is  not  pvohable  they 

less  so  than  that  of  Ceres.    It  is  likewise  are  much  larger.    It  may  not  be  improper  to 

surrounded  with  a  nebulosity  somewhat  like  remark,  that  on  this  point  there  is  a  great  dif- 

tfaat  of  Ceres,  but  of  less  extent    The  fol-  ference  in  the  estimates  of  Schroeter  and 

lowing  are  some  of  the  observations  of  this  Herschel,  the  two  principal  observers  who 

{danet   by  Schroeter  and    Herschel.      The  have  investigated   the  pfhenomena  of  these 

atmosphere  of  Pallas,  according  to  Schroeter,  planets,  owing  to  the  mode  in  which  they 

is  to  that  of  Ceres  as  one  hundred  and  one  to  measured  the  apparent  diameters  of  these 

one  hundred  and  forty-six,  or  nearly  as  two  bodies.    According  to  Sir  "W.  Herschel,  there 

to  three.     It  undergoes  similar  changes,  but  is  none  of  these  bodies  that  exceeds  163  miles 

the  light  of  the  planet  exhibits  greater  varia-  in  diameter.     But  it  is  obvious,  firom  the  con- 

tions.     On  the  Ist  of  April  the  atmosphere  siderations  I  have  stated  in  the  description  of 

of  Pallas  suddenly  cleared  up,  and  the  solid  Vesta,  that  bodies  of  such  a  small  size  could 

nucleus  or  disk  of  the  planet  was  alone  visible,  not  be  visible  at  such  a  distance,  unless  they 

About  twenty-four  hours  afterward  the  planet  were  either  luminous  or  composed  of  matter 

appeared  pale  and  surrounded  with  fog,  and  fitted  to  reflect  the  solar  light  with  an  extraor- 

this  appearance  continued  during  the  3d  and  dinary  degree  of  brilliancy ;  and  therefore  it 

4th  of  AprH ;  but  this  phenomenon  was  not  is  fdj  more  probable  that  the  estimates  of 

considered  as  arinng  fiiom  the  diurnal  rotation  Schroeter  are  nearest  the  truth. 
of  the  planet    The  following  are  Herschers       PecuUaritiea  of  the  New  P£zne/«.~The8e 

observations:  "  April  22.    In  viewing  Pallas,  bodies  present  to  our  view  various  singulari- 

1  cannot,  with  the  utmost  attention  and  under  ties  and  anomalies,  which,  at  first  sight,  ap- 
tiivourable  circumstances,  perceive  any  sharp  pear  incompatible  with  the  proportion  and 
termination  which  might  denote  a  disk ;  it  is  harmony  which  we  might  suppose  originally 
father  what  I  would  call  a  nucleus.  April  to  have  characterized  the  arrangements  of  the 
22.  The  appearance  of  Pallas  is  cometary ;  solar  system.  In  the  first  place,  their  orhitB 
the  disk,  if  it  has  any,  being  ill-defined.  When  have  a  much  greater  degree  of  inehnation  to 
I  see  it  to  the  best  advantage,  it  appears  like  the  ecUpHe  than  those  of  the  old  planets, 
a  much-compressed,  extremely  small,  but  ill-  The  orbit  of  Venus  is  inclined  to  the  ecUptio 
Mned  planataiy  nebula.    May  1.  With  a  in  an  angle  of  three  degrees,  twenty  minutest 
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of  Mui,  one  degree,  fi%-oiie  minutee;  of 
Jupiter,  one  degree,  eighteen  minntes;  of 
8aturn,  two  degrees  and  a  half;  and  of  Ura- 
nus, only  forty-flix  minutes.  But  the  inclina- 
tion of  the  orbit  of  Yeeta  is  seven  degrees, 
nine  minutes;  of  Juno,  thirteen  degrees;  of 
Ceres,  ten  degrees,  thirty-seven  minutes ;  and 
of  Pallas,  no  less  than  thirty-four  degrees  and 
a  half,  which  is  nineteen  times  greater  than 
the  inclination  of  Mais,  and  twenty-seven 
times  greater  than  that  of  Jupiter.  The  pro- 
portion of  these  inclinations  is  represented  in 
the  following  figure. 

Fig.  46. 


ther  from  the  son  than  when  it  is  at  the  poini 
A,  which  is  called  its  PerihtUomj  or  least  di^ 
tance  from  the  sun,  that  is,  it  is  129  milUooa 
of  miles  further  from  the  sun  in  the  one  case 
than  in  the  other,  which  is  nearly  one  fourth 
of  the  whole  transverse  diameter  of  the  orbit 
A  B,  Consequently,  its  motion  will  be  much 
slower  by  several  hundreds  -of  thousands  of 
miles  a  day  when  near  the  point  B,  its  aphe- 
lion, than  when  near  its  perihelion  at  the 
point  A ;  and  to  a  spectator  on  its  surface  the 
sun  will  appear  more  than  double  the  size 
£rom  the  poiiit  A  that  he  does  from  the  point 

Fig.  47. 


Let  A  B  represent  the  plane  of  the  ecliptic, 
and  the  line  C  D  will  represent  the  inclina- 
tion of  the  orbit  of  Pallas— 34  j  degiees ,  E  F, 
the  inclination  of  the  orbit  of  Juno— 13  de- 
grees ;  (r  if,  the  inclination  of  Vesta's— 7  de- 
grees ;  and  the  dotted  line  the  inclination  of 
Ceres— 10^  degrees.  All  the  older  planets 
have  their  orbits  much  less  inclined  to  the 
ecliptic,  except  Mercury,  which  has  nearly  the 
same  inclination  as  Vesta;  so  that  the  zodiac 
would  now  require  to  be  extended  nearly  five 
times  its  former  breadth  in  order  to  include 
the  orbits  of  all  the  planets. 

2.  TAe  orbiU  of  these  planets  are  in  gene* 
ral  more  eeeentrte  than  those  of  the  other 
planets;  that  is,  they  move  in  longer  and 
narrower  ellipses.  The  following  figure  nearly 
reprcaenU  the  orbit  of  Pallas,  and  the  orbit  of 
Juno  is  nearly  similar.  ^  represents  the  sun 
in  one  of  the  foci  of  the  ellipse;  C  tfie 
centre;  F  the  upper  focus  of  the  ellipse; 
and  the  whole  line  A  B  the  transverse  diame- 
ter. Now  the  distance  ^  C,  from  the  sun  to 
the  centre,  is  the  eecentridty  of  the  orbit.  This 
eccentricity,  in  the  case  of  Pallas,  amounts  to 
more  than  sixty-four  and  a  half  millions  of 
miles.  Consequently,  when  the  planet  is  at 
B^  which  IB  called  its  ApheUon,  or  greatest 
distance  from  the  sun,  it  is  double  its  eooentri- 
dty,  or  the  whole  length  of  the  line  S  F  fru^ 
(4101 


B ;  and  its  inhabitants  (if  any)  wfll  expe- 
rience a  greater  difiference  in  the  intensity  of 
the  solar  light  which  falls  upon  them  in  dif- 
ferent periods  of  its  year,  than  there  is  be- 
tween Venus  and  the  earth,  or  between  the 
earth  and  Mars.  On  the  other  hand,  the 
eccentricity  of  the  orbits  of  the  older  planets 
is  comparatively  small.  The  eccentricity  of 
the  orbit  of  Venus  is  less  than  half  a  millioQ 
of  miles,  which  is  only  the  1-374  part  of  the 
transverse  diameter  of  its  orbit.  The  Earth's 
eccentricity  is  1,618,000  miles,  or  the  1-119 
part;  Jupiter's,  1-43  part;  Saturn's,  1-38 
part;  and  that  of  Uranus,  about  1-43  part; 
whereas  the  eccentricities  of  Pallas  and  Jono 
amount  to  nearly  one  eighth  port  of  the  trans- 
verse axes  of  their  orbits.  Were  the  orbits 
of  the  old  planets  represented  by  figures  ten 
times  larger  than  the  above  diagram,  they 
could  not  be  distinguished  from  circles.  In 
the  above  figure,  the  dotted  line  G  H  ia  the 
conjugate  or  shorter  diameter  of  the  ellipee. 
When  the  planet  is  at  the  points  G  and  H,  it 
is  said  to  be  at  its  mean  distance  from  the 
sun,  or  at  the  middle  point  between  its  greatest 
and  its  least  distance. 

3.  'ne  orbits  of  several  of  the  new  planets 
cross  each  other, — ^This  is  a  very  singular  and 
unaccountable  circumstanoe  in  regard  to  the 
planetary  orbits.  It  had  been  long  observed 
that  comets,  in  traveisiug  the  heavens  in  evmy 
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CmcIiod,  croawd  the  orbits  of  the  planets; 
bal^  befixe  thQ  discovery  of  Pallas,  no  sach 
anomaly  wak  found  throughout  the  system  of 
the  planets.  For  the  orbits  of  all  the  other 
planets  approach  so  nearly  to  circles,  and  are 
separated  from  each  other  by  so  many  millions 
of  miles,  that  there  is  no  possibility  of  such 
interaectioa  taking  place.  The  following 
diagram  represents  the  intersection  of  the 
eitits  of  Ceres  and  Pallas. 

Fig.  48. 


The  central  circle  lepresents  the  sun ;  the 
two  next  cirelea  the  ort>its  of  the  earth  and 
Mars;  and  the  two  outer  circles,  crossing  each 
other,  those  of  Ceres  and  Pallas.  In  conse- 
quence of  this  intersection  of  their  orbits,  there 
is  B-possUnlity^  especially  if  the  periods  of  their 
leToluiions  were  somewhat  more  dijQferent 
from  each  other,  that  the  two  planets  might 
happen  to  strike  against  each  other  were  they 
to  meet  at  the  points  A  and  Bt  where  the  or- 
bits intersect,  a  very  angular  contingence  in 
the  planetary  system.  It  is  owing  to  the  very 
great  eccentricity  of  the  orbit  of  Pallas  that  it 
croases  the  orbit  of  Ceres.  It  is  several  mil- 
lions of  miles  nearer  the  sun  in  its  perihelion 
(or  at  A,  Fig.  47,)  than  Ceres,  when  in  the 
same  point  of  its  orbit  But  when  Pallas  is 
in  its  aphelion  (or  at  B,  Fig.  47,  )  its  distance 
from  the  sun  is  several  millions  of  miles 
greater  than  that  of  Ceres  in  the  same  point 
of  its  orbit  Suppose  its  aphelion  at  C,  Fig. 
48  ;  it  is  further  from  the  sun  than  Ceres,  and 
nearer  at  D  its  perihelion.  The  same  things 
happen  in  the  case  of  the  other  two  planets, 
particularly  Vesta.  Juno  is  further  from  the 
son  at  its  aphelion  than  Ceres  in  the  same 
ptHnt  of  its  orbit  and  Vesta  is  further  irom  the 
son  in  its  aphelion  than  either  Juno,  Ceres, 
or  Pallas  in  their  pcrihelions.  The  perihelion 
distance  of  Vesta  is  greater  than  that  of  Juno 
or  Pallas.    Hence  it  follows  that  Vesta  may 


sometimes  be  at  a  greater  iistance  from  the 
sun,  than  either  Juno,  Ceres,  or  Pallas,  al- 
though its  mean  distance  is  less  than  that  of 
either  %{  them  by  twenty-eight  millions  of 
miles ;  so  that  the  orbit  of  Vesta  crosses  the 
orbits  of  all  the  other  three,  and  therefore  it  is 
a  possible  circumstance  that  a  collision  might 
take  place  between  Vesta  and  any  of  these 
three  planets,  were  they  ever  to  meet  at  the 
intersection  of  their  orbits.  Were  such  an 
event  to  happen,  it  is  easy  to  foresee  the  ca- 
tastrophe that  would  take  place.  If  the  colli- 
sim  of  two  large  ships,  sailing  at  the  rate  of 
ten  miles  an  hour,  be  so  dreadful  as  to  shatter 
their  whole  frame  and  sink  them  in  the 
deep,  what  a  tremendous  shock  would  be 
encountered  by  the  impulse  of  a  ponderous 
globe,  moving  at  the  rate  of  forty  thousand 
miles  an  hour  t  A  universal  disruption  of  their 
parts  and  a  derangement  of  their  whole  con- 
stitution would  immediately  ensue ;  their  axes 
of  rotation  would  be  changed ;  their  courses 
in  their  orbits  altered;  fragments  of  their 
substance  tossed  about  through  the  surround- 
ing void,  and  the  heavens  above  would  appear 
to  run  into  confusion.  Though  we  can- 
not affirm  that  such  an  event  Lb  impossible  or 
will  never  happen,  yet  we  are  sure  it  can 
never  take  place  without  the  permission  and 
appointment  of  Hiip  who  at  first  set  these 
bodies  in  motion,  and  who  superintends  both 
the  greatest  and  the  most  minute  movements 
of  the  universe. 

4.  Another  peculiarity  in  respect  to  these 
planets  is,  that  they  revolve  nearli/  at  the  same 
mean  distances  from  the  sun*  The  mean 
distance  of  Juno  is  254  millions  of  miles ; 
that  of  Ceres,  262,903,000 ;  and  that  of  Pal- 
las, 262,*901,000,  which  is  almost  the  same  as 
Ceces.  This  is  a  very  different  arrangement 
from  that  of  the  other  planets,  whose  mean 
distances  are  immenselv  different  from  each 
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other;  Mars  being  50  millions  of  miles 
from  the  orbit  of  &e  earth,  and  80  millions 
from  the  orbits  of  any  of  the  new  planets ; 
Jupiter,  270  millions  from  Pallas;  Saturn, 
412  miUions  from  Jupiter ;  and  Uranus,  900 
millions  from  Saturn.  Except  in  the  case  of 
the  new  planets,  the  planetary  system  appears 
constructed  on  the  most  ample  and  magnifi- 
cent scale,  corresponding  to  the  unlimited 
range  of  infinite  space  of  which  it  forms  a 
part. 

5.  These  new  planetary  bodies  perform 
their  revolutions  in  nearli/  the  same  periods* 
The  period  of  Vesta  is  three  years,  7}  months ; 
that  of  Juno,  4  years,  4}  months ;  of  Ceres,  4 
years,  7}  months ;  and  of  Pallas,  4  years,  7| 
months.  So  that  there  are  only  three  months 
of  difference  between  the  periods  of  Juno  and 
Ceres,  and  scarcely  the  difiference  of  a  single 
day  between   those  of  Ceres  and  Pallas; 
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whereas  the  peitodfl  of  the  other  planets  dif-  ^^^  ^^«  arranged  in  perfect  ofder  and  beauty 

fcr  as  grcaUy  as  their  distances.    The  period  '^  >«»  ^^  creation ;  and  on  the  eame  authority 

of  Mercury  is  about  3  months ;  of  Vemis,  7i  ^«  heheve  that  its  extcnor  crust  was  disrupted 

months;  of  Mars,  nearly  2  years;  of  Jupiter,  ^^^  "^^^  cataracU  of  heaven  were  opened, 

12  years ;  of  Saturn,  29^ ;  and  of  Uranus,  "i^  ^^  fountains  of  the  great  d«!p  broken 

nearly  84  years.    A  planet  moving  round  the  "P»"  ^^  ^^^  *  A^od  of  waters  ensued  which 

sun  in  almost  the  same  period  and  at  the  covered  the  tops  of  the  loftiest  mountains, 

same  distance  as  another,  is  a  singular  ano«  which  transformed  the  earth  into  one  bound- 

maly  in  the  solar  system,  and  coulil  scarcely  '**•,  ocean,  and  buried  the  immense  myriads 

have  been  surmised  by  former  astronomers.  o^  its  population  in  a  watery  grave.    This 

6.  Another  singularity  is,  that  these  bodies  was  a  catastrophe  as  tremendous  and  astonish- 
«r«  all  much  amaller  than  Vie  other  planets.  Jngf  m  the  bursting  asunder  of  a  large  pUuiet, 
Mercury  was  long  considered  as  the  smallest  Although  physical  agents  may  have  been  em- 
primary  planet  in  the  system,  but  it  is  nearly  ployed  in  either  case  to  produce  the  effect,  yet 
four  times  larger  in  surface  than  Ceres,  and  we  must  admit,  inconsistency  with  the  Divine 
contains  eight  times  the  numlnsr  of  solid  miles,  perfections,  that  no  such  events  could  take 
Mars,  the  next  smallest  planet,  \b  seventeeu  place  without  the  direction  and  control  of  the 
times  larger  than  Ceres;  and  Jupiter,  the  Almighty,  and  that,  when  they  do  happen, 
largest  of  the  planets,  is  170,000  times  larger  whatever  appalling  or  disastrous  effects  they 
than  Ceres,  when  their  cubical  contents  are  may  produce,  they  are  in  perfect  consistency 
compared.  The  planets  Vesta  and  Juno  are  with  the  moral  laws  by  which  his  universal 
smaller  than  Ceres,  and  Pallas  is  only  a  small  government  is  directed, 
degree  larger.  It  is  probable  that  all  these  '  M''e  know  that  a  moral  revolution  has  taken 
four  bodies  are  less  in  size  than  the  secondary  place  among  the  human  race  since  man  was 
planets,  or  the  satellites  of  Jupiter,  Saturn,  created,  and  that  this  revolution  is  connected 
and  Uranus.  with  most  of  the  physical  changes  that  have 

Coticlusions  respecting  the  Nature  of  the  happened  in  the  constitution  of  our  globe ;  and, 
New  Planets, — ^The  anomalies  and  pcculiari-  if  we  believe  the  sacred  historian,  we  must  ad- 
ties  of  these  bodies,  so  very  different  from  the  mit  that  the  most  prominent  of  tiiese  physical 
order  and  arrangement  of  the  older  planets,  changes  or  concussions  was  the  consequence 
open  a  wide  field  for  reflection  and  specula-  or  punishment  of  man's  alienation  from  God 
tion.  Having  been  accustomed  to  survey  the  and  violation  of  his  laws.  As  the  principles 
planetary  system  as  a  scene  of  proportion,  of  the  Divine  government  must  be  essentially 
harmony,  and  order,  we  can  scarcely  admit  the  same  throughout  every  part  of  the  bound- 
that  these  bodies  move  in  the  same  paths,  less  empire  of  the  Almighty,  what  should 
and  are  arranged  in  the  same  order  as  when  hinder  us  from  concfuding  that  a  moral  cause, 
the  system  was  originally  constructed  by  its  amilar  to  that  which  led  to  the  phyncal  con- 
Omnipotent  Contriver.  As  we  know  that  vulsions  of  our  globe,  may  have  operated  in 
changes  have  taken  place  in  our  sublunary  the  regions  to  which  we  allude,  to  induce  the 
region  since  our  globe  first  came  from  the  Governor  of  the  universe  to  undermine  the 
hands  of  its  creator,  so  it  is  not  contrary  constitution,  and  to  dash  in  pieces  the  fabric  of 
either  to  reason  or  observation  to  suppose  that  world  ?  The  difierence  is  not  great  be- 
that  changes  and  revolutions,  even  on  an  am-  tween  bursting  a  planet  into  a  number  of 
pie  scale,  may  take  place  among  the  celestial  fragments  and  cleaving  the  solid  crust  of  the 
orbs.  We  have  no  reason  to  believe  in  the  earth  asunder,  removing  rocks  and  mountauis 
"  incorruptibility"  of  the  heavenly  orbs,  as  the  out  of  their  place,  and  raising  the  bed  of  the 
ancients  imagined,  for  the  planets  are  demon-  ocean  from  the  lowest  abyss,  so  as  to  form  a 
Btrated  to  be  opaque  globes  as  well  as  the  portion  of  elevated  land ;  all  which  changes 
earth ;  they  are  diversified  with  mountains  appear  to  have  been  eflfected  in  the  by-past 
and  vales,  and,  in  all  probability,  the  materials  revolutions  of  our  globe,  and  both  events  are 
which  compose  their  surfaces  and  interior,  are  equally  within  the  power  and  the  control  of 
not  very  different  from  the  siibstanccs  which  Him  **  who  rules  in  the  armies  of  heaven 
constitute  the  component  parts  of  the  earth,  and  among  the  inhabitants  of  the  earth," 
I  have  already  alluded  to  the  opinion  of  Dr.  whatever  phydcal  agents  he  may  choose  to 
Gibers,  that  the  new  planets  are  only  the  frag-  select  for  the  accomplishment  of  hb  purposes, 
ments  of  a  larger  planet  which  had  been  burst  In  the  course  of  the  astronomical  discoveries 
asunder  by  some  inmienso  irruptive  force  pro-  of  the  two  preceding  centuries,  views  of  the 
oeeding  from  its  interior  parts.  However  universe  have  been  laid  open  which  have 
etrange  this  opinion  may  at  firet  sight  appear,  it  tended  to  enlarge  our  conceptions  of  the  at 
ought  not  to  be  considered  as  either  very  im-  tributes  of  the  Deity,  and  of  the  magnificence 
probable  or  extravagant  We  all  profess  to  of  that  universe  over  which  he  presides :  and 
admit,  on  the  authority  of  Revelation,  that  the  who  knows  but  that  the  diMx>very  of  those 


FALL  OP  STONES  AT  BENAEEa  71 

planeta  described  above,  and  the  singular  fact  of  laige  masBeeof  aolid  matter  felling  ftom 
dxcomstances  in  which  they  are  found,  are  In-  the  higher  regions  of  the  atmoephere,  or  what 
tended  to  open  to  our  view  a  new  scene  of  are  termed  meteoric  stones.  Few  things  have 
the  physical  operations  of  the  Creator,  and  a  puzzled  philosophers  more  than  to  account  for . 
new  display  of  the  operations  of  his  moral  large  fragments  of  compact  rocks  proceeding 
goremment  1  For  all  the  manifestations  of  from  regions  beyond  the  clouds,  and  falling 
God  in  his  works  are  doubtless  intended  to  to  the  earth  with  great  velocity.  These  stones 
produce  on  the  mind  not  only  an  intellectual,  sometimes  fidl  during  a  cloudy,  and  sometimes 
but  also  a  morai  efiect;  and  in  this  view  the  during  a  clear  and  serene  atmosphere;  they 
heavens  ought  to  be  contemplated  with  as  are  sometimes  accompanied  with  explosions, 
much  reverence  as  the  revelations  of  hb  and  sometimes  not  The  following  state- 
word.  As  the  great  Sovereign  of  the  nniverse  ments,  selected  frt>m  respectable  au^orities, 
is  described  by  the  inspired  writers  as  being  will  convey  some  idea  of  the  phenomena 
the  "■  King  Eternal  and  Invistbiey"  so  we  can  peculiar  to  these  bodies.  The  first  descrip- 
trace  his  perfisctaons  and  the  character  of  hit  tion  I  shall  select  is  given  by  J.  L.  Lyons, 
moral  government  only,  or  chiefly,  through  the  Esq.,  F.R.S.,  and  contained  in  the  **  Transao- 
medium  of  those  displays  he  gives  of  himself  tions  of  the  Royal  Society."  It  is  entitled, 
in  his  wonderful  operations  both  in  heaven  "  Account  of  the  Explosion  of  a  Meteor,  near 
and  on  earth.  And  since  in  the  course  of  his  Benares,  in  the  East  Indies,  and  of  the  felling 
providence,  he  has  crowned  with  success  the  of  some  Stones  at  the  same  time."  The  fol- 
mventive  genius  of  num,  and  led  him  on  to  lowing  are  only  the  leading  particulars.  *<  A 
make  the  most  noble  discoveries  in  refereuoa  circumstance  of  so  extraordinaiy  a  nature  as 
to  the  amplitude  and  grandeur  of  his  works,  the  fell  of  stones  from  the  heavens  could  not 
we  have  eveiy  reason  to  conclude  that  such  fail  to  excite  the  wonder  and  to  attract  the 
inventions  and  such  discoveries,  both  in  the  attention  of  every  inquisitive  mind.  On  the 
minute  parts  of  creation  and  in  the  boundless  19th  of  December,  1798,  about  eight  o'clock 
^ihere  of  the  heavens,  are  intended  to  carry  in  the  evening,  a  veiy  luminous  meteor  was 
iorwaid  the  human  mind  to  more  expansive  observed  in  the  heavens  by  the  inhabitants  of 
views  of  his  infinite  attributes,  of  the  magni-  Benares  and  the  part  adjacent,  in  the  form 
fioence  of  his  empire,  and  of  the  morai  ee(h  of  a  large  ball  of  fire ;  it  was  accompanied  by 
fiofny  of  the  government  which  he  has  a  loud  noise  resembling  thunder,  and  a  num- 
estabUahed  throughout  the  universe.  her  of  stones  fell  from  it  about  fourteen  miles 

The  hypothesis  of  the  bursting  of  a  large  from  the  dty  of  Benares.    It  was  observed  by 

planet  between  Mars  and  Jupiter  accounts  in  several  Europeans,  as  well  as  natives,  in  dif* 

a  great  measure,  if  not  entirely,  for  the  ano-  ferent  parts  of  the  country.    It  was  Ukewise 

malies  and  apparent  irregularities  which  have  very  distinctly  observed  by  several  European 

been  obeerveid  in  the  system  of  the  new  pla-  gentlemen  and  ladies,  who  described  it  as  a 

nets ;  and  if  this  supposition  be  not  admitted,  large  ball  of  fire,  accompanied  with  a  loud 

we  cannot  account,  on  any  principle  yet  di»-  rumbling  noise  not  unlike  an  ill-discharged 

covered,  for  the  singular  phenomena  which  platoon  of  musketry.    It  was  also  seen  and 

these  planets  exhibit    Sir  David  Brewster,  the  noise  heard  by  several  persons  at  Benares, 

who  has  entered  into  some  particular  discus-  When  a  messenger  was  sent  next  day  to  the 

sions  on  this  subject,  afrer  stating  the  remarka-  village  near  which  they  had  fellen,  he  was 

ble  coinddenoes  between  this  hypothesis  and  told  that  the  natives  had  either  broken  the 

actual  observation,  concludes  in  the  following  stones  to  pieces,  or  given  them  to  the  native 

words :  **  These  singular  resemblances  in  the  collector  or  others.    Being  directed  to  the 

motions  of  the  greater  fragments  and  in  those  spot  where  they  fell,  he  found  four,  most  of 

of  the  lesser  fragments,  and  the  striking  co-  which  the  fell  had  buried  six  inches  deep  in 

inddenoe  between  theory  and  observation  in  the  earth.    He  learned  from  the  inhabitants 

the  eccentricity  of  their  orbits,  in  their  inclina-  that,  about  eight  o'clock  in  the  evening,  when 

tion  to  the  ecliptic,  in  the  position  of  their  retired  to  their  habitations,  they  observed  a 

nodes,  and  in  the  places  of  their  aphelia,  are  very  bright  light,  proceeding  as  from  the  sky, 

phenomena  which  could  not  possibly  result  accompanied  with  a  loud  clap  of  thunder, 

from  chance,  and  which  concur  to  prove,  with  which  was  immediately  followed  by  the  noise 

an  evidence  amounting  almost  to  demonstra-  of  heavy  bodies  falling  in  the  vicinity.    They 

tioo,  that  the  font  new  planets  have  diverged  did  not  venture  out  to  make  any  inquiries  till 

bom  one  common  node,  and  have  therefore  next  morning,  when  the  first  circumstance 

composed  a  single  planet"  that  attracted  their  attention  was  the  appear- 

Another  spedes  of  phenomena,  on  which  a  ance  of  the  earth  being  turned  up  in  several 

great  mystery  still  hangs,  might  be  partly  elu-  parts  of  their  fields,  where,  on  examination, 

cidaled  were  the  above  hypothesis  admitted,  they  found  the  stones.    Several  other  stones 

and  that  is  the  singular  Init  not  well-attested  of  the  same  description  were  afterws^  found 
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hj  diflfereiit  pdnons.  One  of  these  stonee,  of  The  largest  of  these  stones  weighed  seventsMi 
about  two  pounds'  weight,  fell  through  the  top  pounds  and  a  half.  The  Vicar  of  St  MichaePs 
of  the  watchman's  hut,  close  to  which  he  was  observed  one  of  the  stones  lall  with  a  hissing 
standing,  and  buried  itself  several  inches  in  noise  at  the  feet  of  his  niece  in  the  courtyard 
the  floor,  which  was  of  consolidated  earth,  of  his  parsonage,  and  that  it  rebounded  mora 
The  form  of  the  more  perfect  stones  appeared  than  a  foot  from  the  pavement  A^Hien  it 
to  be  that  of  an  irregular  cube,  rounded  off  at  was  taken  up  and  examined,  it  was  found  to 
the  edges,  but  the  angles  were  to  be  observed  resemble  the  others  in  every  respect  As  a 
on  most  of  them.  At  the  time  when  the  wire  manufacturer  was  working  with  his  men 
meteor  appeared  the  sky  was  perfectly  serene ;  in  the  open  air,  a  stone  grazed  his  arm  and 
not  the  smallest  vestige  of  a  cloud  had  been  fell  at  his  feet,  but  it  was  so  hot  that,  on 
seen  since  the  I  Ith  of  the  month,  nor  were  attempting  to  take  it  up,  he  instantly  let  it 
any  observed  for  many  days  after.  It  is  well  &I1  again.  The  celebrated  Blot  was  deputed 
known  there  are  no  volcanoes  on  the  conti-  by  government  to  repair  to  the  spot  and  col- 
nent  of  India,  and  therefore  they  could  not  loot  all  the  authentic  facts  in  relation  to  this 
derive  their  origin  from  any  such  source ;  and  phenomenon,  an  account  of  which  was  after- 
no  stones  have  been  met  with  in  the  earUi,  in  ward  published  in  a  long  memoir.  He  found 
that  part  of  the  world,  which  bear  the  smallest  that  almost  all  the  residents  of  twenty  hamlets 
resemblance  to  those  now  described."  declared  that  they  were  eyewitnesses  of  the 

On  the  13th  of  December,  1795,  a  stone  shower  of  stones  which  was  darted  from  ^ti» 

we^hing  fifty-six  pounds  fell  near  Wold  cot-  meteor.    The  interior  parts  of  these  stone  re- 

tage,  in  Yorkshire,  at  three  o'clock,  p.  k.    It  sembled  those  of  all  the  meteorites  analyzed 

penetrated  through  twelve  inches  of  soil  and  by  Messrs.  Howard  and  Yanquelin,  such  as 

six  inches  of  solid  chalk  rock,  and,  in  burying  those  described  above.  They  all  contain  silica^ 

itself,  had  thrown  up  an  immense  quantity  of  magnesia,  oxyd  of  iron,  nickel,  and  sulphur, 

earth  to  a  great  distance ;/  as  it  fell,  a  number  in  various  proportions.    Their  specific  gravity 

of  explosions  were  heard  as  loud  as  pistols,  is  about  three  and  one-third  or  three  and  one* 

In  the  adjacent  villages  the  sound  was  heard  half  times  heavier  than  water, 

as  ol  great  guns  at  sea ;  but  at  two  adjoining  The  following  are  a  few  brief  statements  in 

villages  the  sounds  were  so  distinct  of  some-  relation  to  this  subject    In  1492,  November 

thincr  passing  through  tbe  air  to  the  residence  7,  a  stone  of  260  lib.  fell  at  Ensisheim,  in 

of  Mr.  Topham,  that  five  or  six  people  came  Alsace.    It  is  now  in  the  tibrary  of  Colmar, 

up  to  see  if  any  thing  extraordinary  had  hap-  and  has  been  reduced  to  1*50  Ub.,  in  conse- 

pened  at  his  house.    When  the  stone  was  quence  of  the  abstraction  of  fragments.    The 

extracted,  it  was  warm,  smoked,  and  smelt  femous  Gassendi  relates  that  a  stone  of  a 

very  strong  of  sulphur.    The  day  was  mild  black  metallic  colour  fell  on  Mount  Yaision, 

and  hazy,  but  there  was  no  thunder  nor  light-  in  Provenof,  November  29, 1637.  It  weighed 

ning  the  whole  day.  No  such  stone  is  known  54  lib.,  and  had  the  size  and  shape  of  the 

in  the  country,  and  there  is  no  volcano  nearer  human  head.    Its  ^dfic  gravity  was  three 

than  Yesuvius  or  Hecla.    The  constituent  and  one-half  times   that  of  water.     1654, 

parts  of  this  stone  were  found  exactly  the  Mareh  30 :  A  small  stone  fell  at  Milan  and 

same  as  those  of  the  stones  from  Benares.*  killed  a  Franciscan.     1706,  June  7 :  A  stone 

Onthe26thof  April,  1803,  an  extraordinary  of  72  lib.  fell  at  Larissa,  in  Macedonia;  it 

shower  of  stones  happened  at  L' Aigle,  in  Nor-  smelled  of  sulphur,  and  warn  like  &e  scum  of 

mandy.    About  one  o'clock,  the  sky  being  iron.    1751,  May  26:  Two  masses  of  iron, 

almost  serene,  a  rolling  noise  like  that  of  of  71  Ub.  and  16  lib.,  fell  in  the  district  of 

thunder  was  heard,  and  a  fiery  globe  of  un-  Agram,  the  capital  of  Croatia.    The  largest 

comaitn  splendour  was  seen,  which  moved  of  these  is  now  in  Yiemia.     1790,  July  24: 

throu^ii  the  atmosphere  with  great  rapidity.  A  great  sliower  of  stones  fell  at  Barbotan, 

Some    111 omcnts   after   there  was   heard   at  near  Roquefort,  in  the  vicinity  of  Bourdeaux. 

Ij'Aiglc,  and  for  thirty  leagues  round  in  every  A  mass,  fifteen  inches  in  diameter,  penetrated 

direction,  a  violent  explosion,  which  last^  a  hut  and  killed  a  herdsman  and  a  bullock, 

five  or  six  minutes ;  after  which  was  heard  a  Some  of  the  stones  weighed  25  lib.,  and  othera 

dreadful  rumbling  like  the  beating  of  a  drum.  30  lib.    July,  1810 :  A  large  ball  of  fire  feU 

In  the  whole  district  there  was  heard  a  hissing  from  the  clouds  at  Shahabad,  which  burned 

noise  like  that  of  a  stone  discharged  from  a  five  villages,  destroyed  the  crops,  and  killed 

sling,  and  a  gnreat  many  mineral  masses,  ex-  several    men    and  women.    November  23, 

actly  similar  to  those  distinguished  by  the  1810:  Three  stones  fell  in  the  commune  of 

name  of  meteor  stones,  were  seen  to  fiill.  Charionville  and  neighbourhood  of  Orieaiis. 

These  stones  were  precipitated  perpendico* 

♦  See  ft  i«ni  PaP«' on  thli  snbject,  by  E.  Row-  j^|y  ^^  without  the  appearance  of  any  light 

ard,  Bti.,  P.R.8.,  In  «  Tr«iMactions  of  tbe  Royal  X *,,    ^f  T        7\        »pi«=«»"**^  "»  j  «a  iet 

Society  o(  U>ndon'*  for  1802.  or  ball  of  fire.    One  of  them  weighed  20  nbb. 
(414) 


PECULIARITIES  OP  METEORIC  STONEa  73 

ad  made  a  hole  in  the  gt<nind  in  a  peipen-  which  generally  precedes  their  full  is  carrfed 
dicolar  direction,  driving  up  the  earth  to  the  along  in  no  fixed  or  invariable  direction;  and 
height  of  eight  or  ten  feet    It  was  taken  out  as  their  descent  usually  takes  place  in  a  calm 
half  an  hour  after,  when  it  was  still  so  hot  and  serene  sky,  and  frequently  in  cloud)es8 
that  it  could  scarcely  be  held  in  the  hand,  weather,  their  origin  cannot  be  traced  to  the 
The  second  formed  a  hole  three  feet  deep,  causes  which  operate  in  the  production  of 
and  weighed  40  lih.  1812,  April  15:  A  stone,  rain,  thunder-storms,  or  tornadoes, 
the  size  of  a  child's  head,  fell  at  Erxleben,  and  From  a  consideration  of  these  and  many 
a  specimen  of  it  is  in  the  possession  of  Pro-  other  circumstances,  it  appears  highly  pro- 
fessor Hanasmann,  of  Brunswick.   1814,  Sep-  bable,  if  not  absolutely  certain,  that  these  sub- 
tember  1 :    A  few  minutes  before  midday,  stances  proceed  from  regions  far  beyond  the 
while  the  sky  was  perfectly  serene,  a  violent  Emits  of  our  globe.    That  such  solid  sub- 
detonation  was  heard  in  the  department  of  stances,  in  large  masses,  could  be  generated 
the  Lot  and  Garonne.    This  was  followed  by  in  the  higher  regions  of  ihe  atmosphere,  is  an 
throe  or  four  others,  and  finally  by  a  rolling  opinion    altogether    untenable,  and  is  now 
noise  at  first  resembling  a  discharge  of  mus-  generally  discarded,  even  by  most  of  those 
ketry,aiierveard  the  rumbling  of  carriages,  and,  philosophers  who  formerly  gave  it  thnir  sup- 
lastly,  that  of  a  large  building  falling  down,  port    That  they  have  been  projected  from 
Stones  were  immediately  afler  precipitated  to  volcanoes  is  a  hypothesis  equally  destitute  of 
the  ground,  some  of  which  weighed  18  lib.,  support ;  for  the  products  of  volcanoes  are 
and  sunk  into  a  compact  soil  to  the  depth  of  never  found  at  any  great  distance  from  the 
eight  or  nine  inches,  and  one  of  them  re-  scene  of  their  formation,  and  the  8ul)Rtances 
bounded  three  or  four  feet  from  the  ground,  they  throw  out  are  altogether  diflercnt  in  their 
1818,  July  29, 0.  S. :  A  stone  of  7  lib.  weight  aspect  and  composition  from  meteoric  stones. 
fell  at  the  village  of  Slobodka,  in  Russia,  and  Besides,  these  stones,  in  most  instances,  have 
penetrated    neariy   sixteen    inches  into  the  descended  •  to  the  earth  in  places   removed 
ground.    It  had  a  brown  crust  with  metallic  hundreds,  or  even  thousands  of  miles  from 
spots.    In  1825,  February  10 :   A  meteoric  any  volcanic  mountain,  and  at  times  when  no 
stone,  weighing  16  lib.  7  oz.,  fell  from  the  aur  remarkable  eruption  was  known  to  take  place, 
at  Nanjemoy,  Maryland.    It  was  taken  from  Perceiving  no  probability  of  their  having  their 
the  ground  about  half  an  hour  after  its  fall,  origin  either  in  the  earth  or  the  atmosphere, 
was  sensibly  warm,  and  had  a  salphureous  Dr.  Hutton,  Poisson,  La  Place,  and  others, 
smell.  conjectured  that  they  were  projected  from  the 
*    Several  hundreds  of  instances  similar  to  the  moon.    They  demonstrated  the  al>stract  pro- 
above  might  be  produced  of  large  masses  of  position,  that  a  heavy  body  projected  with  a 
stones  havini?  fellen  from  the  upper  regions  velocl^  of  six  thousand  feet  in  a  second  may 
upon   the  earth.*     These    stones,  although  be  carried  beyond  the  sphere  of  the  moon  s 
they  have  not  the  smallest  analotjjr  with  any  attraction,  and  come  within  the  attraction  of 
of  the   mineral  substances   already  known,  the  earth.    But  it  has  never  yet  been  proved 
either  of  a  volcanic  or  any  other  nature,  have  that  volcanoes  exist  on  the  surface  of  the 
a  very  peculiar  and  striking  analogy  with  each  moon ;  and,  although  they  did  exist,  and  were 
other.    They  have  been  found  at  places  very  as  large  and  powerful  as  terrestrial  volcanoes, 
remote  from  each  other,  and  at  very  distant  they  would  have  no  force  sufficient  to  carry 
periods.    The  mineralogists  who  have  ex-  large  masses  of  stone  with  such  a  rapid  velo- 
amined  them  agree  that  they  have  no  resem-  city  over  a  pace  of  several  thousands  of  miles. 
Uance  to  mineral    substances,   properly  so  Besides,  were  the  moon  the  source  of  meteoric 
called,    nor   have    they  been    described   by  stones,  ejected  from  the  craters  of  volcanoes, 
mineralogical  authors.    They  have,  in  short,  we  should  expect  such  volcanic  productions 
a  peculiar   aspect,  and   peculiar   characters  to  exhibit  several  varieties  of  aspect  and  com- 
which  belong  to  no  native  rocks  or  stones  position,  and  not  the  precise  number  of  in- 
witli  wh**^  we  are  acquainted.    They  appear  gradients  which  are  always  found  in  meteoric 
to  have  fellen  from  various  points  of  the  stones.    From  a  consideration  of  the  difiicul- 
heavena,  at  all  periods,  in  all  seasons  of  the  ties  attending  this  hypothesis.  La  Place  was 
year,  at  all  hours  both  of  the  day  and  night,  afterward  induced  to  change  his  opinion, 
in  all  countries  in  the  world,  on  mountains  In  order  to  trace  the  origin   of  meteoric 
and  on  plains,  and  in  places  the  most  remote  stones,  we  are  therefore  under  the  necessity 
from   any  volcano.    The   luminous   meteor  of  directing  our  views  to  regions  fer  beyond 

•  For  more  particular  detail,  on  this  .ubjeet,  ^«  ""^^^^  ^^  ^«  "?'^- ,  ^"  **}«  supposition 

tbe  reader  may  eonsult  **  The  Edinkar^b  Encfcln-  that  the  bursting  of  a  large  planet  was  the 

pedia,*'  art.  JUteorUt.    The  "  Bdin.  Phil.  Joar-  origin  of  the  small  planets  Vesta,  Juno,  Ceres, 

■«J."No   %  p.  «ai-9ft5.    "Phil.  MavaKine,*'  vol.  •     .?  pj.__    _.   ^\.^  ^..^  _   _.,,__  '  hpmi 

xili.   ♦•  Retrospect  of  Philoiophlcal  Ditcoveiies,*'  ^^^  faiias,  we  may  trace  a  source  wnence 

1805,  vol.  i.  p.  901^10, 4be.  4te.  meteoric  stones  probably  originate*    *' When 
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&a  coherion  of  the  planet  waa  OToroome  by  tion  of  th^  lawa  and  order  of  the  matenai 

the  action  of  the  explosive  force,  a  number  uniyerw ;  but  the  man  who  recognizes  th« 

of  little  fragments,  detached  along  with  the  principles  of  Divine  Revelation  will  rise  to 

greater  masses,  would,  on  account  of  their  still  higher  views.      From   nature  he  will 

smallness,  be  projected  with  very  great  velo-  ascend  to  nature^s  God,  and  trace  the  invisible 

city ;  and,  being  throvm  beyond  the  attraction  perfections  of  the  Eternal  from  the  visible 

of  the  greater  fragments,  might  fall  towards  scene  of  his  works ;  and,  from  hb  physical 

the  earUi  when  Mars  happened  to  be  in  the  operations,  will  endeavour  to  leain  something 

remote  part  of  his  orbit    When  the  portions  of  the  order  and  economy  of  his  moral  ad« 

which  are  thus  detached  arrive  within  the  ministration. 

sphere  of  the  earth's  attraction,  they  may  re-       If  there  be  any  foundation  for  the  hypothe- 
volve  round  that  body  at  di&rent  distances,  sis  to  which  we  have  adverted,  it  might  be  a 
and  may  fall  upon  its  sur&ce,  in  consequence  question  and  a  subject  of  consideration  at 
of  a  diminution  of  their  centrifugal  force ;  or,  what  period  the  disruption  of  the  supposed 
being  struck  by  the  electric  fliud,  they  may  planet  may  have  taken  place.    If  the  histoiy 
be  precipitated  upon  the  earth,  and  exhibit  aU  of  the  frdl  of  meteoric  stones  would  be  con- 
those  phenomena  which  usually  accompany  sidered  as  throwing  any  light  on  this  question, 
the  descent  of  meteoric  stones."  This  opinion  it  will  follow  that  such  an  event  must  have 
appears  to  have  been  first  broached  by  Sir  taken  place  at  a  very  distant  period :  for  the 
David  Brewster,  and  b  stated  and  illustrated  descent  of  such  stones  can  be  traced  back  to 
in  the  "  Edinburgh  Encyclopedia,**  article  periods  more  than  a  thousand  years  before  the 
Astronomy  t  and  in  vol.  iL  of  his  edition  of  commencement  of  the  Christian  era ;  perhaps 
**  Ferguson's  Astronomy.**    Though  not  un-  even  to  the  days  of  Joshua,  when  a  shower 
attended  with  difficulties,  it  b  perhaps  the  of  stones  destroyed  the  enemies  of  Israel,* 
most  plausible  hypothesb  which  has  yet  been  which  would .  lead  us  to  conclude  that  more 
formed  to  account  for  the  extraordinary  phe-  than  three  thousand  years  must  have  ebpsed 
nomena  of  heavy  substances  fidling  with  velo-  since  such  an  event    It  might  likewise  be  a 
city  upon  the  earth  through  the  higher  regions  subject  of  inquiry,  why  the  Deity  has  exposed 
of  the  atmosphere.  the  earth  to  the  impulse  of  such  ethereal 
On  this  subject  I  would  consider  it  as  pre-  agents ;  for  the  fall  of  meteoric  stones  b  evi- 
mature  to  hazard  any  decisive  ofnnions.    I  dently  attended  with  imminent  danger  to  the 
have   laid  down  the  above  facts  before  the  inhabitants  of  those  places  on  which  they  fiilU 
reader  that  he  may  be  enabled  to  exerdse  hb  The  velocity  and  impetus  with  which  they 
own  judgment  and  form  hb  own  conclusion,  descend  are  sufficient  to  cause  instant  death* 
I  have  stated  them  particularly  with  this  view,  to  those  whom  they  happen  to  strike,  and  even 
that  they  may  afford  a  subject  of  investigation  to  demolish  human  habitations,  as  happened 
and  reflection.    For  all  the  works  and  dispen-  in  several  of  the  instances  above  recorded, 
nations  of  the  Almighty,  both  in  the  physical  Would  the  Deity  have  permitted  a  world  peo- 
and  moral  world,  are  worthy  of  our  contem-  pled  with  innocent  beings  to  be  subjected  to 
plation  and  research,  and  may  ultimately  lead  such  accidents  and  dangers  ?     If  not,  is  it  not 
both  to  important  discoveries  and  to  moral  in-  a  presumptive  proof  that  man,  in  being  ex- 
struction.    Though  "  the  ways  of  God**  are,  posed  to  such  casualties  from  celestial  agents, 
in  many  instances,  **  past  finding  out,**  yet  it  as  well  as  from  storms,  earthquakes,  and  vol- 
b  our  duty  to  investigate  them  so  fiur  as  our  canoes,  b  not  in  that  state  of  primeval  inno- 
knowledge  and  limited  powers  will  permit  cenoe  in  which  he  vras  created  1     And  if  we 
For  as  we  are  told,  on  the  highest  authority,  suppose  that  a  moral  revolution  was  the  cause 
that  "  the  works  of  the  Lord  are  great  and  of  the  catastrophe  which  happened  to  the 
marvellous,**  so  it  b  decbred  that  "  they  will  planet  to  which  we  allude,  we  may  trace  both 
be  sought  out**  or  investigated  *'  by  all  those  a  physical  and  a  moral  connexion,  however 
who  have  pleasure  therein.**    There  is,  per-  distant,  between  the  earth  and  that  planet ; 
haps,  no  fact  throughout  the  universe,  how-  for  if  the  stones  to  which  we  allude  are  a  part 
ever  minute  in  itself,  or  however  distant  from  of  the  wreck  of  that  world,  they  bavo  been 
the  scene  we  occupy,  but  b  calculated,  when  the  means  of  exciting  abrm  among  various 
properly  considered,  to  convey  to  the  mind  an  tribes  of  the  earth's  population,  and  of  pro- 
impression  of  the  character  of  the  Deity  and  ducing  destruction  and  devastation ;  so  that 
of  the  principles  of  hb  moral  government      •These  stones,  in  oar  translation  of  the  Bible, 
The  mere  philosopher  may  content  himself  are  called  AaUftonM,  but  without  sny  reason,  since 
yri^  the  yplication  of  tho  prindple.  of  chy-  ;*J•;*»;S\^/^^•?irS;r«'lr;Vr^^^ 
mistiy  and  mathematics  to  the  phenomena  of  harat's  Hebrew  Lexicon :  and  In  the  book  of  Job, 
matter  and  motion ;  and  it  is  highly  proper  chap,  zxvill.  3,  the  word  !■  tranalated  aunet  of 

«d  n«e«.p  jhjt  both  chymicd  «ul  maU...  ^^Sltiw'hKJ'iX'iSS'SU'iSriJj^SS 
malical  analysis  be  applied  for  the  mveetiga-   of  the  earth. 
(416) 
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aM  depniTed  world  has  been  the  uiBtrument  nine  and  a  half  seconds.    This  discoveiy  was 

in  8omc  degree  of  punishing  another.  made  by  observing  a  small  spot  in  one  of  the 

Bat  perhaps  I  hare  gone  too  &i  in  such  belts,  which  appeared  gradually  to  move  across 

s{<ecalation8.     I  have  stated  them  with  the  the  disk  of  the  planet    Mr.  Hook  appears  to 

view  of  showing  that  we  might  occaaonally  have  first  observed  it  in  the  year  1664 ;  and 

connect  our  moral  views  of  the  Deity  wi^  in  the  foUowino:  year,  1665,  Cassini,  that  accu- 

tfae  contemplation  of  the  materia]  ftbric  of  the  rate  observer  o^  the  heavens,  perceived  the 

universe.    When,  through  the  medium  of  our  same  spot,  which  appeared  round,  and  moved 

telescopes  and  our  physical  faivestigations,  we  with  the  greatest  velocity  when  in  the  middle, 

obtain  a  glimpse  of  the  order  and  economy  but  was  narrower  and  moved  more  slowly  as 

of  a  distant  region  of  the  universe,  it  may  be  it  approached  nearer  the  edge  of  the  disk, 

considered   as  a  new  manifestation  of  the  which  showed  that  the  spot  adhered  to  the 

Deity,  and  it  is  our  duty  to  deduce  from  it  body  of  Jupiter,  and  was  carried  round  upon 

those  instructions  it  is  calculated  to  convey,  it    This  spot  continued  visible  during  the 

And   although  we  may  occasionally  deduce  following  year,  so  that  Cassini  was  enabled  to 

erroneous  conclusions  from  existing  facts,  yet  determine  the  period  of  Jupiter*s  rotation  to 

ffuch  speculations  and  reflections  may  some-  be  nine  hours  and  nearly  fifty-«ix  minutes, 

limes  have  a  tendency  to  excite  an  interesting  This  rotation  is  iar  more  rapid  than  that  of 

train  of  thought,  and  to  inspire  us  with  an  any  of  the  other  planets,  so  fiur  as  we  know, 

ardent  desire  of  beholding  the  scene  of  the  and  nearly  equals  the  velocity  of  Jupiter  in 

universe  and  the  plan  of  the  Divine  adminis-  his  annual  cpurse  round  the  sun.    The  cir^ 

nation  more  completely  unfolded,  in    that  cumferenoe  of  this  planet  is  278,600  miles, 

workl  where  the  physical  and  moral  impedi-  and,  therefore,  its  equatorial  parts  will  move 

ments  which  now  obstruct  our  intellectual  withavelocityof  28,000  miles  an  hour,  which 

visum  shall  be  for  ever  removed.  is  3000  miles  more  than  the  equatorial  parts 

_  of  the  earth's  surface  move  in  twentv-four 

Next  to  Pallas,  in  the  order  of  the  system,    regions  of  Jupiter,  and  of  the  places  which  lie 
is  the  planet  Jupiter.    This  planet,  when    adjacent  to  them,  will  have  the  efiect  of  ren- 
nearest  the  earth,  is  the  most  splendid  of  all   dering  all  bodies  Ughier  than  they  would  be 
the  noctqrnal  orbs,  except  Yenos  and  the    were  the  motion  of  rotation  as  slow  as  that  of 
moon.    Its  distance  from  the  sun  is  495,000,-   the  earth.    The  gravity  of  bodies  at  the  sur- 
000  oi  miles,  and  the  drcumference  of  its   foce  of  Jupiter  is  more  than  twice  as  great  as 
cvbit  3,1 10,000,000  of  miles.    Around  this   at  the  sur&ce  of  the  earth,  on  account  of  his 
oibit  it  moves  in  eleven  years  and  three  bun-   superior  bulk ;  so  that  a  body  weighing  one 
dred  and  fifteen  days,  at  the  rate  of  nearly   pound  at  the  equatorial  surface  of  the  earth 
thirty  thousand  miles  eveiy   hour.     When   would  weigh  two  pounds  «four  ounces  and  a 
Dearest  to  the  earth,  at  the  time  of  its  opposi-   half  at  the  surface  of  Jupiter.    If,  therefore, 
tion  to  the  sun,  it  is  about  400,000,000  of  we  were  transported  to  the  surface  of  that 
miles  distant  from  us.    A  fiiint  idea  of  this   planet,  we  should  be  a  burden  to  ourselves, 
ditCanee  may  be  acquired  by  considering  that  being  pressed  down  with  more  than  double 
a  cannon-bflJl,  flying  five  hundred  miles  every   our  present  weight,  and  having  but  the  same 
boor,  vroold  require  more  than  ninety-one   strength  to  support  it    But  Jupiter  is  eleven 
years  to  pass  over  this  space ;  and  a  steam-   times  larger  in  circumference  than  the  earth ; 
carriage,  moving  at  die  rate  of  twenty  miles   and  hence,  if  both  planets  revolved  on  their 
an  hour,  would  require  nearly  two  thousand   axes  in  the  same  time,  the  centrifugal  force 
three  hundred  3rears  before  it  could  reach  the   on  Jupiter  would  be  eleven  times  greater  than 
ofbit  of  Jupiter.    When  at  its  greatest  dis-   with  us.    But  the  squares  of  the  number  of 
tanre  from  the  earth,  about  the  time  of  its   revolutions  performed  in  the  same  time  by  the 
eoojnncdon  with  the  sun,  this  planet  is  distant  earth  and  Jupiter ;  that  is,  the  square  of 
from  us  no  less  than  690,000,000  of  miles ;   twenty-four  hours,  and  the  square  of  nine 
yet  its  apparent  size,  in  this  case,  does  not   hours,  fifly-six  minutes,  are  nearly  w  one  to 
appear  very  much  diminished,  although  it  is   six ;  therefore,  a  body  placed  on  Jupiter  will 
190,000,000  of  miles  further  from  us  in  the  iiave  sixty-six*  Umes  a  greater .  centrifugal 
latter  case  than  in  the  former.    When  viewed   force  than  with  ns,  which  would  sensibly  re» 
with  a  telescope,  hovrever,  it  appears  sensibly   lieve  the  weight  of  the  inhabitants  if  they 
larger  and  more  splendid  at  the  period  of  its   stood   in  need  of  it    This  rapid  rotation 
oppositioD  than  when  near  the  point  of  its   would  of  itself  relieve  them  of  one-eighth  or 
conjunction.  one-ninth  of  &eir  whole  weight ;  oty  in  other 

Diurnal' RoiaHan^ — ^This  planet  has  been  words,  a  body  weighing  eight  stone  at  tho 
band  to  revolve  around  its  axis  in  the  space  equator  of  Jupiter,  if  the  planet  stood  sUll, 
of  nine  holing  fifty-five  minutes,  and  forty-  *That  is,  lixflcssoa. 
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would  gravitate  with  a  force  of  only  seven  hundred  and  eighty-four  nulUoos  of  aquan 

stcrne  on  the  oommenoement  of  its  diurnal  miles,  which,  at  the  rate  of  population  fi>r- 

lotation,  at  the  rate  at  whieh  we  now  find  it  merly  stated,  280  inhabitants  to  a  square  mile. 

It  may  perhaps  be  surmised  by  some  that,  would  be  sufficient  for  the  accommodation  of 

•ince  the  semi-diameter  of  Jupiter  is  eleven  6,967,520,000,000,  or  nearly  teven  billions  of 

times  greater  than  that  of  the  earth,  the  at^  inhabitants,  which  is  more  than  tight  thou^ 

traction  or  weight  of  bodies  on  its  surfiu»  8and  seven  hundred  timet  the  present  popu- 

ought  to  be  eleven  times  greater  than  on  the  lation  of  our  globe,  and  neATXy  fifty  times  the 

Burfiice  of  our  globe.     This  would  be  the  number  of  human  beings  that  have  existed 

case  if  the  matter  m  Jupiter  were  as  dense  as  on  the  earth  since  its  creation*    Although  the 

in  the  earth;  and  the  weight  of  bodies  would,  one   half  of  this  planet  were  covered  with 

of  course,  be  in  proportion  to  their  semi-diame>  water,  which  does  not  appear  to  be  the  case, 

ler,  or  the  distance  of  the  surface  from  the  it  would  still  be  ample  enough  to  contain  a 

centres  of  these  bodies.    But  the  density  of  population  more  than  four  thousand  times 

Jupiter  is  only  a  little  more  than  that  of  burger  than  that  of  our  globe.    Ifsuchapopu- 

water,  while  the  density  of  the  earth  is  five  lation  actually  exist,  as  we  have  little  reason 

limes  greater.    If  the  density  of  Jupiter  were  to  doubt,  it  may  hold  a  rank,  under  the  Divine 

as  great  as  that  of  the  earth,  and,  conse-  government,  equal  to  several  thousands  of 

quently,  the  weight  of  bodies  on  its  sur&oe  worlds  such  as  ours.  Such  an  immense  globe, 

eleven  times  greater,  men  of  our  stature  and  replenished  with  such  a  number  of  intelleo 

make  could  scarcely  be  supposed  to  support  tual  beings,  revolvuig  with  such  amazing  ra« 

eleven  times  the  weight  of  such*bodies  as  pidity  round  its  axis,  moving  forward  in  its 

ours,  but  behooved  to  be  almost  chained  down  annual  course  90,000  miles  eveiy  hour,  and 

to  the  surface  of  the  planet  by  their  own  carrying  along  with  it  four  moons  larger  than 

gmvity ;  and  were  we  to  suppose  them  of  a  ours  to  adorn  its  firmament,  presents*  to  the 

larger  stature,  this  inconvenience  would  be-  imagination  an  idea  at  once  wonderidl  and 

come  the  greater ;  for  the  least  of  any  species  sublime,  and  displays  a  scene  of  wisdom  and 

of  animated  beings  have  generally  the  greatest  omnipotence  worthy  of  the  infinite  perfections 

nimbleness  and  agility  of  motion.    This  cir-  of  its  Creator. 

cumstance  is  perhaps  one  of  the  reasons  why  Viwoveriee  which  have  been  made  in  rela- 

the  larger  planets  of  the  system  have  the  least  tion  to  Jupiter  by  the  Telescope* — Jupiter  pr^ 

degree  of  density :  for  if  Jupiter  were  com-  sents  a  splendid  and  interesting  appearance 

posed  of  materials  as  dense  as  those  of  Mer-  when  viewed  with  a  powerflil  telescope.     Hib 

oucy,  organized  beings  like  roan  would  be  surfiu:e  appears  much  larger  than  the  full 

unable,  without  a  supernatural  power,  to  tra-  moon  to  the  naked  eye ;  his  disk  is  diversified 

▼erse  the  surfiice  of  such  a  planet  with  darkish  stripes ;   his  satellites  appear 

In  consequence  of  the  rapid  motion  of  Ju-  sometimes  in  one  position  and  sometimes  in 

{Hter,  the  days  and  nights  will  be  propot-  another,  but  generally  in  a  straight  line  with 

tionably  short    The  sun  will  appear  to  mo^e  each  other.     Sometimes  two  of  them  are  seen 

through  the  whole  celestial  hemisphere,  firom  on  one  side  of  the  planet  and  two  on  another ; 

the  eastern  to  the  western  horizon,  in  less  sometimes  two  only  are  visible,  while  the 

than  five  hours,  and  all  the  planets  and  con-  other  two  are  eclipsed  either  by  the  disk  or 

stellations  will  appear  to  move  with  the  same  the  shadow  of  Jupiter ;  and  sometimes  all  the 

rapidity :  so  that  the  apparent  motions  of  all  four  may  be  seen  on  one  side  and  in  a  straight 

these  bodies  will  be  perceptible  to  the  eye  line  firom  the  planet,  in  the  order  of  their  dit- 

wben  contemplating  them  only  for  a  few  mo-  tances,  so  that  the^  moons  present  a  different 

ments,  excepting  those  which  appear  near  the  aspect  and  relation  to  each  other  every  su^ 

polar  regions.    The  sky  of  this  planet  will  cessive  evening. 

therefore  assume  an  air  of  sublimity  superior  These  moons  were  first  seen  by  Galileo,  in 

to  ours,  in  consequence  of  all  the  bodies  it  the  year  1610^  by  means  of  a  telescope  he  had 

contains  appearing  to  sweep  so  rapidly  around,  constructed,  composed  of  two  glasses,  a  con* 

and  to  change  their  positions  in  so  short  a  cave  next  the  eye  and  a  convex  next  the  ob- 

spare  of  time.    As  Jupiter  moves  round  the  ject,  which  magnified  about  thirty-three  times, 

sun  in  4332j^  of  our  days,  and  round  its  axis  No  further  discoveries  were  made  in  relation 

in  nine  hours,  fiAy-«x  minutes,  there  will  be  to  this  planet  till  about  the  year  1633,  when 

10,470  days  in  the  year  of  that  planet  the  belts  were  discovered  by  Fontana  Rheita, 

Magnitudeand  Superficial  Contents  of  the  Riccioli,  and  several  others.  Tliey  were  afters 

Gl(^  of  Jupiter, — This  planet  is  the  largest  ward  more  particularly  observed  and  delin- 

in  the  system,  being  89,000  miles  in  diameter,  eated  by  Cassini.    These  belts  appear  lika 

and,  consequently,  fourteen  hundred  times  dark  stripes  across  the  disk  of  the  planet,  and 

larger  than  the  earth.    Its  surface  contains  are  generally  parallel  to  one  another  and  to 

24,884.000,000,  or  twenty  four  thousand  eight  the  planet's  equator.    They  are  aouewhtl 
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wr]able»  however,  both  as  to  their  number 
mil  their  distance  from  each  other,  and  aome- 
timea  tm  to  their  podtioQ.  On  certain  occa- 
dons  AfA/  have  been  seen  at  a  time ;  at  other 
limes  only  one.  Though  they  are  generally 
parallel  to  one  another,  yet  a  piece  of  a  belt 
baa  been  seen  in  an  oblique  position  to  the 
rest,  as  in  Fig.  49.  They  also  vary  in  breadth ; 
£>r  one  belt  has  been  observed  to  have  grown 
a  good  deal  narrower  than  it  was,  when  a 
neighbouring  belt  has  been  increased  in 
breadth,  as  if  Uie  one,  like  a  fluid,  had  flowed 
into  the  other.  In  favour  of  this  opinion,  it  is 
stated  in  the  **  Memoirs  of  the  Royal  Academy 
of  Sciences"  that  a  part  of  an  oblique  belt 
was  observed  to  lie  so  as  to  form  a  communi- 
cation  between  them,  as  represented  in  Fig. 
40.  At  one  time,  says  Br.  Long,  the  bells 
have  continued  without  sensible  variations  for 
nearly  three  months ;  at  another  time  a  new 
belt  has  been  formed  in  an  boor  or  two.  They 
have  sometimes  been  seen  broken  up  and  dis- 
tributed over  the  whole  face  of  the  planet,  in 
whidi  state  they  are  exhibited  in  some  of  the 
delinealioDS  of  Sir  W.  Hersehel ;  but  this  phe- 
nomenon is  extremely  rare,  and  does  not  ^ 
pear  to  have  been  noticed  by  any  other  ob- 
server. In  the  year  1787  Schroeter  saw  two 
dark  belts  in  the  middle  of  Jupiter's  disk ;  and 
near  to  them  two  whfte  and  luminous  belts, 
resembling  those  which  were  seen  by  Cam- 
pan!  in  1664.  The  equatorial  zone  which 
was  comprehended  between  the  two  dark  belts 
had  assumed  a  dark  gray  colour,  bordering 
upon  yellow.  The  northern  dark  belt  then 
received  a  sudden  increase  of  size,  while  the 
southern  one  became  partly  extinguished,  and 
afterward  increased  into  an  uninterrupted 
belt  The  luminous  belts  aldo  suffered  several 
changes,  growing  sometimes  narrower,  and 
sometimea  one  half  larger  than  their  original 


disk  in  the  space  of  ten  minutes,  was  judged 
to  be  the  sbadow  of  one  e£  the  satellites  moving 
across  the  disl^  of  the  planet    Fig.  51,  exhi- 


bits a  view  of  Jupiter  as  he  appeared  about 
the  end  of  1832  and  beginnmg  of  1833,  which 
was  taken  by  means  of  an  achromatic  tele- 
scope, with  magnify  mg  powers  of  150  and  180 
times.  Fig.  62,  is  a  view  taken  with  the  same 
telescope  in  1837.  In  this  view  the  principal 
belt  near  the  planet's  equator  appeared  dark, 
distinct,  vid  well  defined ;  but  the  other  two 
belts  at  either  pole  were  extremely  faint,  and 
could  only  be  perceived  after  a  minute  inspec- 
tion.    Fig.  53,  is  a  view  in  which  a  bright 


The  fidioiwing  fignres  represent  some  of  the 
I  of  the  belts  of  Jupiter. 


Fig.  49,  lepresonts  a  view  of  Jupiter's  belts 
by  OiaainL  Fig.  60,  a  view  from  Dr.  Hook, 
as  delineated  in  the  **  Philosophical  Transao- 
tiooa^  far  1666,  vHucb  vras  taken  by  a  sixty 
faet  refracting  telescope.  The  small  black 
spot  on  the  middle  belt,  which  did  not  appear 
at  dw  beginning  of  the  observation,  and  which 
Moved  about  a  third  or  fourth  part  across  the 


and  a  dark  spot  were  perceived  on  one  of  the 
belts ;  and  Fig.  54,  a  view  by  Sir  John  Her- 
sehel. I  have  had  an  opportunity  of  viewing 
Jupiter  with  good  telescopes,  both  reflecting 
and  achromatic,  for  twenty  or  thirty  years 
past ;  and,  among  several  hundreds  of  observa- 
tions, I  have  never  seen  above  four  or  five 
belts  at  one  time.  The  most  common  appear- 
ance I  have  observed  is  that  of  two  belts,  dis- 
tinctly marked,  one  on  each  side  of  the  pla^ 
net's  equator,  and  one  at  each  pole,  generally 
broader,  but  much  fainter  than  the  others. 
I  have  never  perceived  much  change  in  the 
form  or  position  of  the  belts  during  the  same 
season,  but  in  successive  years  a  slight  degree 
of  change  has  been  perceptible,  some  of  the 
behs  having  either  disappeared,  or  turned 
much  fainter  than  they  wore  before,  or  shifted 
somewhat  their  relative  positions ;  but  I  have 
never  seen  Jupiter  without  at  I^ist  two  or 
three  belts.  Some  of  the  largest  of  these  belts, 
being  at  least  the  one  eighth  part  of  the  dia- 
meter of  the  planet  in  breadth,  must  occupy  a 
space  at  least  11,000  miles  broad  and  278,000 
miles  in  cir<;nmference ;  fbr  they  run  along  the 
whoje  circumference  of  the  planet,  and  appear 
of  the  same  shape  during  every  period  of  its 
rotation.  It  is  probable  that  the  smallest  belts 
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we  can.  distinctty  perceive  by  our  telescopes  globe ;  and  we  are  apt  to  think  that  tfie  cr- 
are  not  much  leas  than  a  thousand  miles  m  rangements  of  other  globes  destined  for  tfa* 
breadth.  abode  of  intellectual  beings  must  be  similar  to 
What  these  belts  reallj  are  has  been  a  aub-  those  of  our  own.  We  talk  of  physical  con 
ject  of  speculation  and  conjecture  among  as-  vulsions,  earthquakes,  and  inundations  in  Ju- 
tronomers,  but  it  is  diiBcult  to  arrive  at  any  piter,  and  of  volcanic  eruptions  in  the  sun  and 
definite  conclusion.  By  some  they  have  been  moon,  as  if  these  phenomena  were  as  common 
regarded  as  immense  strata  of  clouds  in  the  in  othp"  worlds  as  in  the  earth ;  whereas  it  is 
atmosphere  of  Jupiter ;  while  others  imagine  not  improbablie  that  they  are  peculiar  to  our 
that  Uiey  are  the  marks  of  great  physical  globe,  and  that  they  are  connected  with  the 
changes  which  are  continually  agitating  the  moral,  or  rather  demoralized  state  of  its  pr«^ 
sur&ce  of  this  planet  I  am  inchned  to  think  sent  inhabitantB.  There  is  an  infinite  variety 
that  tbe  dark  belts  are  portions  of  the  real  sur-  in  the  system  of  nature ;  and  it  is  highly  pro- 
face  of  the  planet,  and  that  the  brighter  parts  bable  that  there  is  no  world  in  the  universe 
are  something  analogous  to  douds,  or  other  that  exactly  resembles  another.  Although 
substances  with  which  we  are  unacquauited,  Jupiter  moves  round  the  sun,  and  turns  upon 
floating  in  its  atmosphere,  at  a-  considerable  his  axis  by  the  same  lara  which  direct  the 
elevation  above  its  surface.  That  the  dark  motions  of  our  glolr,  yet  there  may  be  as 
belts  are  the  body  of  the  planet  appears  highly  great  a  difference  -'^  the  arrangements  connect* 
probable  from  this  consideration,  that  the  spot  eil  with  this  rUnet  and  those  of  the  earth,  as 
by  which  the  rotation  of  Jupiter  was  deter-  there  is  b<**^^een  the  constitution  of  the  earth 
mined  has  been  always  found  in  connexion  and  the*  of  a  planet  which  revolves  around  tbe 
with  one  of  tbe  dark  belts ;  and  as  this  spot  star  8irius.  Would  it  be  altogether  impro- 
must  be  considered  as  a  permanent  one  on  the  bable  to  suppose  that  the  globe  of  Jupiter  is 
body  of  Jupiter,  so  the  belt  with  which  it  is  partly  inclosed  within  a  sphere  of  semitrans- 
connected  must  be  considered  as  a  portion  of  parent  substance,  at  a  considerable  elevation 
the  real  body  of  the  planet  It  is  absurd  and  above  his  surface,  or  rathor  within  parallel 
preposterous  to  suppose,  as  some  have  done,  lings^  like  an  Armillary  sphere  composed  of 
that  the  changes  on  the  surface  of  Jupiter  are  such  a  substance,  which  vary  their  position, 
produced  by  physical  convulsions,  occasioned  and  sometimes  surround  one  part  of  his  globe 
by  earthquakes  and  inundations ;  for,  in  such  and  sometimes  another  1  These  rings,  of 
a  case,  the  globe  of  Jupiter  would  be  unfit  for  whatever  substance  they  might  be  composed,- 
being  the  peaceful  abode  of  rational  inhabit-  might  serve  to  reflect  tbe  rays  of  the  sun  so  as 
ants.*  What  should  we .  think  of  a  world  to  produce  an  addition  of  light  and  heat,  and, 
where  5000  miles  of  ocean  occasionally  inun-  at  the  same  time,  by  exhibiting  a  variety^  of 
dieted  a  corresponding  portion  of  tbe  land,  or  colours  and  motions,  to  diversify  and  adorn 
where  earthquakes  sometimes  swallowed  up  the  firmament  of  this  planet  Almost  any 
continents  of  several  thoa^ands  of  miles  in  supposition  is  preferable  to  the  idea  of  a  con- 
length  and  breadth  ?  Such  physical  catastro-  tinned  scene  of  physical  convulsions.  The 
phes  recurring  every  year  on  such  a  splendid  idea  now  thrown  out  is  not  more  extravagant 
and  magnificent  globe  as  Jupiter  would  not  than  that  of  a  planet  nearly  as  large  as  Jupt 
only  render  it  unfit  for  the  habitation  of  any  ter  being  surrounded  with  two  conoentrio 
beings,  but  would  imply  a  reflection  on  the  rings.  Had  we  not  discovered  the  rings  of 
wisdom  and  benevolence  of  the  great  Creator.  Saturn,  we  should  never  have  formed  the  idea 
Whatever  opinions,  therefore,  we  may  adopt  of  a  world  environed  with  such  an  appendage, 
respecting  the  phenomena  of  this  planet,  they  As  a  corroboration  of  the  idea  that  the  bright 
ought  to  be  such  as  are  consistent  with  the  stripes  which  appear  on  this  planet  surround 
idea  of  a  habitable  world  and  with  the  perfec-  its  body  at  a  considerable  elevation,  it  has 
tions  of  the  Deity.  Were  the  belts  of  Jupiter  been  observed  by  Sir  John  Herschel,  **that 
permanent  and  invariable,  it  would  be  com-  the  dark  belts  do  not  come  up  in  all  their 
paratively  easy  to  account  for  the  phenomena  s'trength  to  the  edge  of  tbe  disk,  but  fade 
which  appear  on  his  sur£ice;  for  the  dark  belts  away  gradually  before  they  reach  it;"  an  al« 
might  be  considered  as  seas,  and  the  brighter  most  decisive  proof  that  the  bright  belts  in- 
portions  of  his  surface  as  land.  But  as  these  close  the  dark  ones,  or,  in  other  words,  the 
belts,  whether  bright  or  dark,  are  found  to  be  body  of  the  planet ;  and  that  they  are  elevated 
variable,  we  must  have  recourse  to  another  above  the  dark  globe  of  Jupiter,  in  all  prob^ 
hypothesis  for  their  explanation,  or  be  content  bility,  not  less  than  a  thousand  miles, 
in  the  mean  time  to  confess  our  ignorance.  Whatever  opinion  we  may  form  as  to  the 
Our  opinions  and,  conjectures  respecting  the  constitution  of  this  planet,  the  phenontena  it 
drcumstances  of  other  worlds  are  too  fre-  presents  afford  a  vast  field  for  investigation 
quently  guided  .merely  by  what  we  know  of  and  reflection.  If  it  be  a  fiict,  as  has  been  as- 
Uie  objects  and  operations  which  exist  on  our  serted  by  credible  bbserversy  that  two  hdUa 
(420) 


8PLENB0US  OF  JUPITER.                                       70 

OKfe  gnidoany  disappeared  daring  the  time  on  a  future  day ;  on  which  the  academy  lent 

of  in  obeerration,  and  that,  at  ano&er  time,  a  a  deputation  of  M.  Buot,  M.  Moriotte,  and 

new  belt  has  been  formed  in  an  hour  or  two,  otheis,  to  be  present  at  the  obeerration ;  and 

agents  fitr  more  powerful  than  any  with  which  when  they  came  to  the  royal  observatory,  they 

we  are  acquainted  must  have  been  in  operation  saw  the  spot  in  the  position  predicted,  and 

to  prodoee  su^  an  effect,  and  changes  more  traced  its  motion  for  an  hour  or  two,  till  the 

extensive  than  any  which  take  place  in  our  heavens  began  to  be  overcast  with  clouds. 

terrestrial  sphere  must  have  happened  in  the  All  the  observations  which  have  been  made 

regions  connected  with  Jupiter ;  for  some  of  upon  this  spot  and  others,  and  its  successive 

the  belts  of  this  planet  are  from  five  to  ten  appearance  and  disappearance,  perfectly  agree 

thousand  miles  in  breadth;  and  if  those  al-  with  the  idea  of  bright  belts  inclosing  the  globe 

ioded  to  extruded  quite  across  the  disk  of  the  of  Jupiter  at  a  distance  from  the  surfaccj  and 

planet,  they  mvflt  have  been  more  than  one  varying  their  aspect  and  motions  at  diflerent 

hundred  and  thuty  thousand  miles  in  length,  periods  of  time.    And  although  some  readers 

Yet  such  a  change  may  have  taken  place,  not  may  consider  it  as  a  trifling  matter  to  dwell 

only  without  conyulsions,  causing  terror  and  with  such  particularity  on  a  spot  in  Jupiter, 

confiision,  bat  to  the  admiration  and  joy  of  yet  that  spot,  however  insignificant  it  may 

the  inhabitants  of  that  globe,  as  opening  up  a  appear  through  our  telescopes,  may  be  more 

new  and  striking  scene  in  the  canopy  of  spacious  and  important  in  the  system  of  naturs 

heaven ;  for  if  we  suppose  such  bright  belts  or  than  all  the  continentB  and  islands  of  our 

cirdes  as  \"e  have  imagined  rapidly  to  shift  globe,  and  may  form  a  greater  portion  of  the 

their  position  in  the  canopy  above,  such  a  divine  government  than  all  the  kingdoms  of 

grand  efifect  might  in  a  short  time  be  produced,  the  earUi. 

Besides  the  belts,  spots  of  different  kinds.  There  is  a  peculiar  splendour  in  the  appeaiv 
some  of  them  brighter  and  some  darker  than  anoe  of  Jupiter,  both  through  the  telescope 
the  belts,  have  been  occasionally  seen.  The  and  to  the  naked  eye,  considering  his  great 
spot  by  which  Jupiter's  rotation  was  deter-  distance  from  the  sun  and  from  the  earth, 
mined  is  the  largest,  and  of  the  longest  con-  The  planet  Man  appears  comparatively  dull 
tinuflnce  of  any  hitherto  observed.  Its  diame-  and  obscure,  even  wben  nearest  the  earth, 
ter  is  one  tenth  of  the  diameter  of  Jupiter,  and  when  it  is  only  fifty  millions  of  miles  distant ; 
il  is  dtuated  in  the  northern  part  of  die  south-  while  the  planet  Jupiter,  which  is  350  mU- 
em  belt  Its  centre,  when  nearest  that  of  the  lions  of  mUes  further  from  the  earth  and  from 
planet,  is  distant  fi-om  the  centre  of  Jupiter  the  source  of  light,  presents  a  brilliancy  of 
about  one  third  of  the  semidiameter  of  the  ispod  far  superior.  This  circumstance  seems 
pLoiet  This  spot  was  first  perceived  by  Hook  to  indicate  that  there  is  some  apparatus  con- 
and  Cassini  in  the  years  1664,  1665,  and  nected  vrith  the  globe  of  Jupiter  calculated  to 
1666.  It  appeared  and  vanished  eight  times  reflect  the  light  of  the  sun  in  a  peculiar  man- 
between  the  year  1665  and  1708;  From  1708  ner,  both  on  the  surface  of  the  planet  itself, 
tin  1713  it  was  invisible ;  the  longest  time  of  on  its  moons,  and  towards  other  planets.  Such 
its  continuing  to  be  visible  was  three  years,  an  apparatus  is  not  only  consistent  with  the 
and  the  longest  period  of  its  disappearing  was  supposition  thrown  out  above,  but  tends  to 
from  1708  to  1713.  It  has  evidently  some  corroborate  it ;  and  however  strange  we  may 
connexion  with  the  southern  belts ;  for  it  has  consider  the  idea  of  brilUant  belts  surrounding 
never  been  seen  when  that  disappeared,  though  a  planet,  yet  as  variety  is  stamped  on  all  the 
that  belt  has  often  been  visible  without  the  works  of  the  Creator,  and  as  no  world  is  prc- 
spoC  Besides  this  ancient  spot,  as  it  is  called,  dsely  like  another,  the  disnmilarity  of  such  an 
Cassini,  in  the  year  1699,  saw  one  of  less  sta-  appendage  to  what  we  know  of  our  own  or  of 
bility,  which  did  not  continue  of  the  same  other  globes  ought  to  be  no  argument  against 
shape  and  dimensons,  but  broke  into  several  its  existence.  If  we  wish  to  know  more  of  the 
small  ones,  of  which  the  revolution  was  but  9  phenomena  of  this  planet  than  what  we  have 
hours,  51  minutes;  and  two  other  spots  which  hitherto  ascertained,  we  must  endeavour  to 
levotvod  in  9  hours,  52|  minutes.  The  large  improve  our  telescopes,  and  to  increase,  inde* 
spot  described  above,  being  about  the  one  finitely,  the  number  of  observers.  Were  an 
tenth  of  the  diameter  of  Jupiter,  must  have  immense  number  of  intelligent  observers  iis- 
becn  more  than  8000  miles  in  extent,  and,  tributed  over  dififerent  parts  of  the  earth,  and 
consequently,  larger  than  the  diameter  of  the  provided  with  the  best  telescopes ;  were  they 
earth.  When  Cassini  had  assured  himself  to  mark  with  care  and  minuteness  the  pheno- 
of  the  period  of  rotation  from  the  motion  of  mena  to  which  we  have  adverted ;  were  they 
this  spot,  he  made  a  report  of  his  observations  to  delineate,  in  a  series  of  drawings,  the  various 
to  the  Royal  Academy  of  Sciences,  and  cal-  aspects  of  this  planet  during  (wo  or  three  pe* 
cnlated  the  precise  moment  when  the  spot  riodical  revolutions,  marking  the'  periods  of 
would  appear  on  the  eastern  limb  of  the  planet,  the  dififerent  changes,  and  the  positions  of  ths 
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planet  with  reqieet  to  the  earth  anil  the  aun,   and  tiuiBporting  than  anj  Ihbg  wb  conlnfa' 

*nd  noting  at  the  same  time  the  positLang  of  plate  in  our  terreetrial  abode. 
the  aalellilee  when  an;  change  in  the  belts  The  inlemitu  of  Ihe  aolar  light  on  Ihe  sat- 
took  place,  vie  might  possibly  asCEitain  aomo-  face  of  Jupiter  u  Iwenty-sevGn  iimei  leas  than 
thing  more  of  the  nature  of  the  beltt,  whether  on  the  earth.  The  mean  apparent  diaineter 
dark  or  bright,  of  the  periods  of  their  changea,  of  the  sun,  ai  aeen  frdln  the  qaith,  is  (birty- 
■nd  whether  these  changes  be  influeneed  by  two  minutes,  three  acconds  ;  but  the  aolar  di- 
the  ittracUve  power  of  the  satellites.  For  if  ameter,  as  seen  from  Jupiter,  la  only  eii 
any  appendage  is  connected  with  Jnpiter  minutea,  nine  aeconds,  which  u  lesa  than  one 
cinipi»Bd  oTa  substanceof  small  dennly,  it  is  fifth  so  great  aa  the  sun  appears  to  us.  Ttts 
P3asonable  lo  believe  that  iu  positions  and  square  of  6'  9",  or  369".  is  130,161,  and  the 
movements  would  be  alTecIed  at  cenain  times  square  of  33'  3"  is  369,739,  which,  divided 
by  llie  pasitions  of  the  satellites,  especially  by  136,161,  producea  a  quotient  of  37  1-S, 
when  they  all  happened  lo  bo  situated  on  the  which  shows  that  the  Eurface  of  Ibe  sun,  aa 
tame  side  of  Jupiter.  seen  from  Jupiter,  is  moie  than  twenty-seven 

■Seiuoni,  Proportion  of  Light,  itc^  in  Jupi-  times  less  than  be  i^pears  to  ns ;  and  as  the 
icr. — The  aiisoftbisplanet  being  nearly  per'  intendly  of  light  decreases  in  proportion  to 
pendicular  to  the  pkne  of  its  motion,  there  tha  sqnaco  of  the  distance,  there  will  ba 
can  be  no  variety  of  seasons  aimilar  to  wlial  twenty-seven  times  less  tight  on  this  planet 
we  eiperiencc.  The  inclination  of  its  aiia.  than  on  the  earth.  But  if  the  intensity  of 
however,  is  stated  by  some  astionomers  to  be  the  light  be  increased  bj  rcflecti'n  from  any 
86  degrees,  64J  minules;  or  3  degreoB,  5^  substances  connected  with  this  plancL.  or  if 
minutes  from  the  perpendicular.  This  incli-  the  inhabitants  have  the  pupils  of  their  eyes 
nation  will  cause  a  alight  variety  of  seasons  much  lai^er  than  ours,  all  the  □bjccle  aronml 
at  diflerent  periods  of  the  planet's  annual  re-  them  may  appear  with  even  greater  splendour 
volution,  but  not  nearly  to  the  same  eilent  than  on  the  earth.  The  following  figures  will 
as  in  Mara  or  the  earth.  If  the  aiis  of  Jupiter  show  to  the  eye  the  pn^Ktrtional  size  of  the 
were  as  much  inclined  to  his  ecliptic  as  the  sun  as  seen  from  Jupiter  and  from  the  earth. 
axis  of  the  earth,  bis  polar  regioru  would  re-  The  small  circle  shows  the  comparatiTe  bulk 
niain  m  darkness  for  nearly  six  years  with-  of  the  solai  orb  as  Been  from  Jupiter,  and 
out  intermiadon,  just  as  the  places  around  OUT  >he  larger  circle  its  hulk  as  viewed  from  th* 
north  and  south  poles  are  deprived  of  the  earth. 
light  of  the  sun  for  one  half  of  the  year.  Fig.  oc 

There  will  be  nearly  equal  day  and  night  in 
every  part  of  the  aurliice  of  this  planet ;  but 
to  the  places  near  the  equator  the  snn  will  ap- 
pear to  rise  to  a  high  elevation  above  the  bori- 
lon,  and  lo  move  through  the  heavens  with 
great  rapidity,  while  near  the  polar  regiona  he 
win  appear  to  m-'re  comparatively  alow,  and 
to  deacribe  only  a  small  semicircle  above  the 
horiion.  We  are  not  to  imagine,  however, 
that  "everlasting  winter"  prevails  around  the 
poles  of  this  planet,  (s  some  hare  asserted, 
because  the  sun  never  rises  high  above  those 

regions,  and  the  solar  rays  lall  obliquely  npon  Nothiug  particular  has  been  ascertained  re- 
them ;  for  there  may  be  arrangements  aiid  spocting  au  oimotphere  suTTOunding  this  pla- 
compensationa,  of  which  wo  are  ignorant,  to  net.  Tliinigh  it  is  prohahle  that  it  has  an 
produce  nearly  as  great  a  degree  of  light  and  appendage  answering  the  purpose  of  an  otmo- 
beal  in  the  polar  as  in  the  eqiinlorial  regions ;  sphere,  yet  it  may  be  very  diflerent  in  iu  na- 
and  perhaps  the  bright  belts  to  whi^  we  tnre  and  properties  from  that  which  surrounili 
have  adverted  lany  be  so  arranged  as  to  con-  the  eartli.  And  if  lbs  planet  be  suriounded 
tribute  lo  this  effect  Nor  arc  we  to  imagine  with  bright  bells,  as  we  have  supposed,  or  if 
that  there  ia  no  variety  nfacena-i/  in  Jupiter  the  blight  parts  of  its  surface  are  lo  bo  con'i- 
because  there  arc  no  seasons  simitar  to  oois.  dered  aa  something  analogolls  to  cloud*  siis> 
For  every  Jtgrce  of  latitude  from  the  equator  penrled  in  a  body  of  air,  it  >3  evident  that  (he 
to  tile  poles  will  produce  B  diversity  of  aspect;  denser  parts  of  its  atmosphere  never  can  ht 
and  the  variation  of  the  bella,  whatever  miiy  perceived  by  us,  and  that  no  dimness  or  ob- 
be  their  arrangement,  and  of  whst  substances  scurity  is  to  be  eipected  when  a  filed  Flar 
•ocver  Ihcy  may  consist,  will  produce  a  diver-  approachea  its  disk.  Ilcnoe  M.  Schroeler, 
«ly  of  scenery  in  the  firmsment  of  Jupiter  far  when  he  had  a  very  clear  and  dblincl  view  ^ 
greater,  and,  perhaps,  br  more  magnificent  the  wots  and  belts  when  Jupiler  suflend  an 
(425) 
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aunltatijn  b;  As  mooD  on  &«  7th  of  April,  and  intnwlJDe  boi];  widib  the  limita  oT  dw 
1702,  could  -^leicetvc  Dodiing  Ihroughout  the  planetary  ajBteni.   Viewed  in  connection  wUh 
irbole  nhaOYuion  indicatiTc   of  a    refractive  ila   lalellilea    and   rings,  it  camprehendi    « 
mtilinm  near  the  mirgin  of  the  planet.  greater   qijaiitity   of   aui^e    than   even   tin 
Jupiter    i*  remaikable    on   account  of  bL*  globe  of  Jufuter  ;  anil  ita  majeitic  rines  caiv 
nktroidai  Jig^rt.     Thia  figure  is  obyioua  to  ithole  the  moat  amgular  and  aatonishiiig  phe- 
ttw  eye  when  viewing  the  planet  with  a  high  nomena  that  haye  yet  been  diacovered  within 
loagnifjfing  power.     Nor  U  this  an  optical  i1-  the  limili  of  our  ayilem. 
hHkm;  for  both  diamelera  have  been  accu-        Ita  diiiance  from  the  mn  if  SOS  miilionf 
lalrly  meaaured  by  the  micromeler;  «nd  the  of  mile*,  which  ia  nearly  twice  the  dialancv 
c<|intoriai  diameter  ii  fotind  to  be  in  propor-  of  Jupiter;  and  the  ciicumfereiice  of  ita  orbit 
lion  to  the  polar  nearly  ta  fourteen  Co  Ihirtcpn,  ii  5,695,000,000   of  niile«{  to  mote   round 
n  that  the  equatorial  ia  more  than  6300  miles  which  a  cannon  ball  would  require  more  than 
InnipT  than  the  polar  diameter.     This  ablate  ISOO  year*,  although   it   were  moving  500 
figure  ia  ascribed  to  the  awiftnras  of  Japiter's  miles    every    houi.     But    a    aleam -carriage, 
rotation,  which  produces  a  centKfugal   force,  moving  at  the  rale  of  twenty  miles  an  hour,     ' 
which  has  a  tendency  to  make  the  equatorial  would  require  above  32,600  years  to  complete 
parts  more  protoberanl  than  the  polar.     Prom  the    lamfl  round.     When  nearest  the  eaitb, 
calculations  fonned  on  the  principle*  of  phy-  Saturn  ia  811  millions  of  miles  diitant,Bn  in- 
sical  astronomy,  it  ia  found  that  the  propoTUon  lerval  which  could  not  be  traversed  by  a  car. 
above  stated  ii  really  the  degive  of  oblateneas  liage,  at  the  rate  now  mated,  in  less  then  4639 
which  correaponda,  on  those  principles,  to  the  years  ;  and  even  a  cannon  ball,  moving  with 
dimensions  of  this  phnol  and  the  time  of  its  the  telocity  above  mentioned,  would  require 
rotalion  ;  ao  that  thaoiy  perfectly  hannoniiea  181  yeata.     So  that,  although  man  were  di- 
wilh  obaeivation.  nested  of  the  gravitating  power,  and  capable 
The  dentity  of  this  planet  compared  with  of  supporting  himaelfanlid  the  ethereal  rcgiona, 
that  of  water  is  ■«  1  1-24  to  1 ;  that  is,  it  is  and  though  he  were  invested  with  a  power  of 
a   small    firaetianal   part  denser   than   water,  rapid  motion  auperior  to  any  movement  we 
It*  matt,  compared  with  that  of  the  tun,  i>  a*  perceive  on  earth,  before  he  could  reach  the 
1  to  1067 ;  compared  with  that  of  the  earth,  middle  orbit  of  the  planetary  syatem,  or  one 
aa  312  to  I,  that  is,  Jupiter  could  weigh  313  fourth  of  ila  diameter,  it  would  require  a  space 
glotiea  of  the  tame  siie  and  denmty  as  the  of  time  far  more  than  ia  yet  aJloLted  to  mortal 
earth.    The  tecenlneily  of  it*  orbit  is  3^,810,  existence,  and,  therefore,  alt  hope  of  personally 
000  milee ;  and  Ibe  inclinalion  of  the  orbit  to  exploring  the  celestial  regions  it  completety  * 
the  ecliptic  is  about  one  degree,  nineteen  mi-  annihilated,  so  long  fi  we  ate  invested  wiui 
nutea.     Ita  mean  apparenl  diamtter  is  thirty-  our  present  corporeal  vehicle*,  and   are  con- 
sul sectmdi,  and  its  greatest  diameter,  when  nected  wilh  this  (erreitrial  abode. 
in  opponlim  to  the  aun,  forty-seven  and  a        Tbis  planet  tevolvet  around  the  tun  in  the 
hair  seconds.     Its  mean  arc  of  retrogradation  space  of  about  29^  yeara,  or  in  10.758  days, 
is  niiM  degree*,   fiftj-(aat   minutes,   and   its  siS  houii,  16  minulcs,  34  seconds,  which  is  ita 
mean  duration  about  121  days.    Tbis  retro-  ttdertal  revolution,  oi  the  time  it  lalict  in 
giadstion,  or  moving  contrary  to  the  order  of  moving  from  a  certain  Gied  star  to  the  aaine 
■he  signs,  comntences  or  finishes  when  the  star  again.     Through  the  whole  of  its  circuit 
planet  is  not  mere  than  115  degrees  from  the  it  move*  at  the  rate  of  22,000  mile*  every 
srm.    The  Mlnwing  figure  eihibits  a  view  hour.    The  period  of  it*  rotation  was  for  a 
of  JuHier  and  his  salellitea  aa  seen  through  a  long  time  ui&nown.    About  a  century  ago, 
Cnod  telescope.  it  was  conjectured  by  some  astronomers  (bat 
it  was  accompliihed  in  about  ten  or  eleven 
F'e.  56,  lumjg.    It  „„  not,  however,  till  Sir  W.  ller- 
I  tchel  applied  his  powerful  telescopes  to  Satntn 
.  that  its  rotation  was  accurately  determined- 
By  certain  dark  spots  which  he  perceived  on 
j  its  disk,  and  by  Iheir  change  of  position,  he 
I  ascertained  that  the  diurnal  rotation  la  per- 
'  farmed  in  ten   hours,  nileen   minutes,   and 
nineteen  seconds.*      It  is  remarkable  Ihat  La 
Place,  from  physical  coneiderations,  had  calcu- 
lated the  rotation  of  Saturn  to  be  neariy  Iba 
•It  nw  -rai  ni   wit  ai-maii  tame  a*  above  alalpil,  before  Hemchcl  hid  da- 


The   (ilaiiM  Saturn  may  be  considered  in    ^*^\^° 
almost  every  respect  as  the  moat  magnificent   gscoDdi. 


82  CELEBTUL  SCENERy 

[emrinad  it  bjr  Jircct  abaervation.  The  rata-  ponllel  nith  ths  ring.  On  the  lllh  of  Ka- 
tion  I*  performed  on  sn  biib  peipcniticular  to  lember,  1798,  immedialelj  louth  of  tbe  (ha- 
the  id»ne  of  Ihe  ring.  Tlio  circumference  of  dow  of  the  ring  upon  Saluni,  he  perceived  ■ 
Sntam  being  348,000  miti^  the  parts  shout  brigbL,  uniform,  end  broad  belt,  *nd  clo«  to  it 
the  equator  will  more  at  (he  rate  of  34,000  a  broad  or  darker  belt,  divided  hy  tvo  nanow 
mile*  an  hour.  Itsjear  willcennatof  96,150  white  utrealu,  so  that  he  ran  five  belts,  three 
day*,  or  perioja  of  iu  dinrnsi  ralation.  of  wbich  were  dark  and  two  brJElil.    I'bo 

Pmporiionof  Light  on  Salunt— This  fitr    dark  belt  hml  a  yellow  tinuc.     These  bell* 
nelbiJingabouiSj  times  further  from  the  Sun    cii\'et  a  larger  zone  of  the  disk  of  the  planet 
than  the  earth,  H  will  receive  only  the  oru    than  the  belts  of  Jupiter  occupy  upon  hia  sui^ 
ninetieth  of  the  light  which  we  receive  j  for    lace.  With  a  migniiying  power  of  200  timcM 
the  uquareof  9i  is  equal  to  901.     Thi«  quan-    I  have  BOmetimee  seen  one  darkish  belt  on  the 
tity  of  light,  however,  is  equal  to  the  li);ht    ImcI)' of  Saturn  ;  but  it  was  rturh  fainlcr  than 
which  would  be  rrflecteil  from  a  Ihoutsnd  full    those  of  Jupiter.    It  does  not  appear  that  tbeae 
tiHHHu  such  ae  ours;  and  thcro  can  be  little    liclls  vary  or  shift  Uieir  positiona,  ag  Ihe  bells 
doubt  that  tbe  beiiiga  that  reside  in  this  planet    of  JufHter  ant  found  to  do ;  tho  dark  onea  ant 
have  their  organa  of  viaion  so  constructed  aa   much  Giintcr  than  thoee  of  Jupiter,  and,  thero- 
to  be  perfectly  adapted  to  the  quantity  of  light    fore,  it  is  most  probable  that  Ihey  are  pcrma- 
they  receive ;  uiil,  by  auch  an  adaptation,  all    nent  portions  tj  the  globe  of  Satam,  which 
Ihe  object*  around  them  may  appear  aa  splen-    indicate  a  diversity  of  aurbce  and  configura- 
didly  enlightened,  and  their  colours  aa  vivid  aa    lion  either  of  land  or  water,  or  of  aome  olhei 
they  do  on  the  globe  on  which  we  lite,  Theap-    subsiancea  with  which  we  ate  Titiecqnainted. 
paientdiameteroftheBun.aaBFenbomSatum,    When  this  planet  is  viewed  nith  a  good  tele- 
is  three  minutes,  twenty-two  seconds  ;  but  his    scope,  it  appears,  like  Jugrit^,  to  be  of  a  si>h«- 
mean  apparent  diameter,    as  seen  from  the    rindat  figure,  or  somewhat  eppfoachiog  to  it 
earth,  ia  equal  to  thirty-two  minutes,  three  se-    Tbe  proportion  or  its  polar  to  its  equatorial 
conds.     Thit  proportion  of  size  in  which  the    diameter  is  as  93  lo  35,  or  nearly  as  II  ta 
nin  appeals  from  the  earth  ar>d  fi^nn  Saturn  is    13;  so  that  the  polar  diameter  is  more  than 
represraited  in  the  following  figure,  In  which    6,700  miles  shorter  than  the  eqaatorial,  which 
tbe  small  circle  represeals  the  sue  of  the  sun    is  a  greater  dilference  than  that  of  the  two  di- 
al seen  from  Saturn,  amelera   of  Jupiter.     Sslnn)   waa   generally 
eonndered,  till  .lately,  as  s  regular  spheroid  ; 
Fig-  67.  but  on  the  lath  of  April,  1805,  Sir  W.  Her. 
scbel  was  struck  with  a  very  singular  upcar- 
ance    when    viewing    the    planet.      "  The 
flattening  of  the  poles  did  not  seem  to  begin 
till  near  a  very  high  latitude,  so  that  the  teal 
figure  of  the  planet  reaemUed  a  square,  or 
rather  a  parallelogram,  with  the  four  comera 
rounded  off  deeply,  but  not  mj  much  as  to 
bring  it  to  a  spheroid."  It  ia  probable  that  ths 
action  of  the  ring  or  its  attractive  power  k 
the  cause  of  the  great  protnbcrance  which  ia 
found  about  the  eqaatorial  tegrons  of  Salnm. 
Magnitudt  and   Extent   of  Sur/aee  on 
Satuni^Thit  planet  is  about  79.000  milea 
in   diameter,    and  neatly  a   tbousand    tiniec 
Diaamariainitht'lcIaeopeonthtBodyof    larger  than  the  earth.     Its  surftcc  eonlaina 
Saium. — The  great  distance  of  this  planet   more  than  19,600,000,000  of  square  miles, 
ftom  Ihe  earth  prevents  oa  fiTira  observing  its    and,  consequently,  at  the  rale  of  380  inhahil- 
surbce  so  minutely  as  thai  of  Jupiter.     Cer-    antatoa  square  mile,  it  would  contain  a  popn- 
fciin  dusky  spots,  however,  have  of  late  years    lation    of  6,488,000,000,000,    or   about  five 
been   occasionally  seen  oh  ila  aurface,  when    biUiona   and   a  half,  wbich  is  six    tliounnd 
very  powerful  tcIcBcopea  were  applied,  and  by    eight  hundred    and  aixty  times  Ibc  pieaeni 
Ihe  motion  of  these  its  diurnal  rotulion  wasde-    number  of  inhabitants  on  our  globe;  so  that 
tormincd.     Belts  aomewbat  similar  to  those  of   this  globe,  which   appeals   only  like  a  dtm 
Jupiter  have   likewise  been  seen.     Hiiygcns,    speck  on   ow   noclurnal  sky,   may  be  eotv- 
more  than   150  years  ago,  states  thai  he  hnd    sidrred  as  equal  to  lux  thousand  worlds  like 
perceived  five  belts  on   Saturn  which   were    ours;  and  mnce  such  a  noble  apparatus  of 
nearly  parallel   to  the  equator.     Sir  W.  Her-    rings  and  moona  ia  provided  for  the  acf  oi 
achcl.  in  his  numerous  observations,  also  ob-    dalion  and  contemplation  of  intelligent  heir 
asTTcd  aavetal  betl^  which  ia  general,   were   we  cannot  doubt  that  it  is  tenlMiiahed  ■ 
(4.24)  "^ 
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ten  thouaand  tunes  ten  dionaands  of  sensitive  placed  on  thdr  surfiiioes  gravitates  to  them  is 

and  rational  inhabitants ;  and  that  the  Sioenes  in  pn^rtion  to  their  mataea  divided  by  the 

and  transactions  connected  with  that  distant  aquares  of  their  diamettra.    If  Mercuiy  were 

world  n^Lj  fiur  surpass  in  grandeur  whatever  as  large  as  die  earth,  an  inhabitant  of  oui 

lias  occurred  on  the  theatre  of  out  globe.  globe  placed  on  the  sur&oe  of  that  planet  - 

DenBUy  of  Saturn* — ^The  density  of  Saturn  would  feel  himself  "  pulled  to  the  ground"  as 
compared  with  that  of  the  earth  is  nearly  as  if  he  were  placed  on  a  similar  ball  of  lead,  and 
one  to  nine ;  compared  with  that  of  water,  it  his  weight,  of  course,  would  be  increased ;  but, 
is  leas  than  one-half;  so  that  the  mean  density  as  matters  now  stand,  the  gravitation  on  Mer- 
of  this  planet  cannot  he  much  more  than  the  cury  is  only  a  small  fraction  greater  than  on 
density  of  cork;  and,  consequently,  the  globe  the  sur&ce  of  the  earth;  so  that,  in  this  re- 
ef Saturn,  were  it  placed  ^  in  an  immenae  spect,  *'a  native  of  earth,"  and  particularly 
ocean,  would  swim  on  the  surface  as  a  piece  an  inhabitant  of  Greenland,  might  walk  with 
of  cork  or  light  wood  swims  in  &  basin  of  nearly  as  much  ease  on  the  planet  Mercury 
water.  There  is  none  of  the  planets,  so  &i  as  under  our  equator.  The  same  considera* 
9A  we  know,  whooe  dendty  is  so  small  as  that  tions  show  the  absurdity  of  what  is  stated  in 
of  Saturn,  or  less  than  the  density  of  water,  relation  to  Saturn ;  for  that  planet  is  ten  times 
"VVe  are  not  to  imagine,  however,  that  the  the  diameter  of  the  earth;  and  though  its 
materials  which  compose  Uie  surface  of  Saturn  density  is  nearly  as  small  as  that  of  cork,  yet 
axe  as  light  as  cork,  or  similar  substances;  for  its  immense  bulk  renders  the  force  of  gravity 
any  thing  we  know  to  the  contrary,  they  may  at  its  surfiice  somewhat  greater  than  even  on 
be  as  denae  as  the  rocks  and  mould  which  the  earth,  and  almost  as  great  as  on  the  sur-- 
compose  the  crust  of  our  globe.  We  have  &ce  of  Mercury.  A  body  which  weighs  one 
only  to  suppose  that  the  globe  of  Saturn  is  pound  on  the  surface  of  the  earth  would  weigh 
hollow,  or  merely  filled  with  some  elastic  fluid,  one  pound  and'four  drachms  if  removed  to  the 
and  that  the  solid  parts  of  its  exterior  crust  surface  of  Saturn ;  so  that  a  person,  instead  of 
form  a  shell  of  a  hundred  or  two  hundred  being  able  to  **  leap  sixty  feet  high"  from  the 
miles  in  thickness.  It  is  true,  indeed,  that  surface  of  this  planet,  would  be  unable  to  leap 
the  density  of  our  globe  increases  from  its  quite  so  high  as  he  can  do  on  the  earth.  In 
surfiice  downward,  perhaps  even  to  the  centre,  short,  there  is  not  a  planet  in  the  solar  system, 
But  we  have  no  reason  to  suppose  that  this  is  with  the  exception  of  Jupiter,  on  which  an 
the  case  with  all  the  other  planets ;  on  the  inhabitant  of  the  earth  might  not  move  about 
contrary,  it  is  most  probable  that  it  is  exactly  as  easily,  in  respect  to  gravitating  power,  as 
the  reverse  in  the  caise  of  Saturn ;  for  if  the  he  does  on  the  terraqueous  globe ;  and  even 
materials  which  compose  that  planet  were  to  on  Jupitev  he  would  experience  little  more 
increase  in  density  towards  the  centre,  the  than  double  tlie  weight  he  now  feels.  On 
substances  on  its  snrfiure  would  have  little  sOroe  of  tlie  other  planets,  such  as  Mars  and 
more  density  or  solidity  than  that  of  a  cloud  Juno,  he  would  feel  somewhat  lighter  than  he 
suspended  in  the  atmosphere.  And  we  know  now  does,  but  not  nearly  so  much  as  would 
that,  in  all  the  works  of  the  Creator,  variety  enable  him  to  leap  to  such  a  height  as  above 
is  one  grand  characteristic  of  his  plans,  even  stated.  On  the  same  principle,  which  is 
where  the  same  general  objects  are  intended  taken  for  granted  in  the  above  quotation,  we 
to  be  accomplished,  and  the  same  general  might  suppose  that  a  pengon  would  feel  much 
laws  are  in  operation.  lighter  were  he  placed  on  the  surface  of  the 

From  want  of  correct  views  on  this  subject,  sun,  because  the  density  of  that  luminaiy  is 

several  foolish  and  erroneous  notions  have  little  more  than  the  density  of  water ;  whereas, 

been  entertained  and  circulated.     In  a  late  inconsequence  of  his  immense  size,  the  gravi- 

number  of  a  popular  and  extensively  circu-  tating  power  would  be  twenty-seven  times 

latod  journal,  when  treating  of  *'  Planetary  greater  than  at  the  surface  of  oiu*  globe.   For, 

Arrangements,"  it  is  stated,  that  '<  while  on  according  to  the  calculations  of  La  Place,  a 

Mercury  a  native  of  earth  would  scarcely  be  body  which,  at  the  earth's  equator,  weighs  one 

able  to  drag  one  foot  after  another  for  the  pound,  ijf  transported  to  the  surface  of  the  sun 

strong  power  pulling  him  to  the  ground,  he  would  weigh  about  twenty-seven  and  a  half 

could,  on  the  planet  Saturn,  leap  sixty  feet  pounds ;  from  which  it  follows,  that  there  a 

high  as  easily  as  he  could  here  leap  a  yard."  heavy  body  would  descend  about  four  hundred 

Niiw  both  th^  positions  are  quite  erroneous ;  and  twenty-five  feet  in  the  first  second  of  time; 

for  although  the  density  of  Mercury  is  about  consequently,  were  a  man  who  weighs  two 

double  the  density  of  the  earth,  and  nearly  hundred  pounds  to  be  placed  on  the  sun,  he 

that  of  lead,  yet  the  bulk  of  the  two  planets  is  would  be  pressed  down  to  its  surface  with  a 

very  diflerent,  the  diameter  of  the  earth  being  force  equal  to  five  thousand  five  hundred 

oesrly  8000  miles,  while  that  of  Mercury  is  pounds,  or  nearly  two  tons  and  a  half,  which 

•Qly  3200,  and  the  force  with  Vhich  a  body  would  fix  him  to  the  sur&ce  without  power 

54  2  If  2  (425) 
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of  motioD.    So  thit  whateTST  bebgi  nujr  It  mi  suapcctecl  bf  utionainera  man  than 

inhabit  that  globe,  it  U  nal  fitted  lor  the  ■  eentur;  ago  that  the  ring  of  Saturn  wna 

reiidence  of  man  in  bia  pretent  itale  of  dooUc,  or  dindnl  into  two  coucentric  ringm. 

orgsnizalion.  Canini  euppoeeJ  it  probable  tfaaC  thii  was  ths 

ThertcmlnaiuatBa.iam'totb[tiBiS,000,-  case.     Mr.  Pound,  in  the  account  of  bia  ob- 

000  of  milea,  which  is  about  the  1-37  paK  of  ■ervalioni  an  Saturn  in  1723,  bj  means  of 

the  diameter  of  the  orbit    Ita  inclination  to  Hadlej'e  new  reSecling  tcleaoope,  itates  that 

the  ecliptic  ia  S°  39^.  Id  apparent  diameter,  with  Uiis  instrument  he  could  plainly  perceire 

(U  aeen  from  the  earlh,  is  acTenlMn  minulea,  "  the  black  lul  in  Saiam'»  rin^,"  and  gives 

■ii  acconda;  and  ita  mean  daily  motion,  two  aji  engraving  of  tbe  planet  and  ring  with  ihia 

minutes  of  a  degree.  dark  stripe  diatincliy  marked,  as  in  the  moilera 
views  of  Saturn.*    Mr.  Hadley  lilcewiae  stalerf' 

VTii.  OB  THE  BiKss  OF  BiTtrR^.  that,  in  the  year  nS2,  with  the  same  teleacope, 

Beaiiiei  the  appmrancea  above  described,  he  observed  Ibedark line  ontheringofSalum 

this  planet  is  encircled  with  a  double  ring,  parallel  to  its  ciR:umrerence,whiFb  was  chiefly 

one  of  tlie  most  astonishing  phenomena  which  viubleontheansre,  orextr^mttieaof  theelliptio 

have  yet  been  diacoveted  in  the  heavens,  and  figure  in  which  the  ring  appears,  but  that  he 

which,  therefore,  reqinrea  S  eepatalu  and  par.  waa  aeveial  limci  able  to  (race  it  quite  ronud  ; 

ticnier  description.                                        •  particnlarlj  in  May,  1TS2,  he  could  discern  it 

The  first  individual  who  perceived  a  glimpae  without  the  northern  limb  of  Satora,  in  that 
of  Saturn's  ring  was  Galileo,  aoon  alter  the  part  of  the  ring  that  appeared  beyond  the 
invention  of  the  telescope.  He  thought  he  globe  of  the  planet,  and  could  perceive  that 
satr  that  placet  appear  like  two  smatler  globes  the  globe  of  Saturn  reflects  less  lij^ht  than  the 
on  each  aide  of  a  larger  globe ;  or,  as  he  ei-  inner  part  of  the  ring.  It  was  not.  however, 
pressed  It,  that  "Saturn  was  in  the  shape  of  till  Sir  W.  Herschel  began  to  make  obaervib. 
an  olive."  In  the  year  ISiO  he  publiabed  hia  tions  on  this  planet  with  his  powerlbl  tele- 
discovery  in  a  Latin  sentence,  the  meaning  of  scopes  that  Saturn  was  recognized  as  being 
which  wBs,  that  he  had  seen  Saturn  appear  invealed  with  two  concentric  rings.  The  fol- 
toii*  three  bodia.  After  viewing  Saturn  in  lowing  cut  (Fig.  58)  eihilata  a  view  of  Satnm 
this  form  for  two  yean,  he  was  surprised  to  and  his  rings,  nearly  in  their  respective  v*o- 
■ee  him  hecoms  quite  round  without  his  portions,  as  they  would  appear  wore  It'Tj' 
adjoining  ^obea,  and  to  remain  in  this  state  placed  perpendicular  to  our  tine  of  sight;  b4, 
fiw  aome  time,  and,  after  a  tonsidoiahle  period,  on  account  of  the  obUque  angle  ihej  genera'  't 
to  appear  again  in  bia  triple  form  aa  before,  form  to  our  line  of  vinon,  we  never  aee  th>  > 
This  deception  was  owing  to  the  want  of  through  the  teleacope  in  this  poailiotl. 
magnifying  power  in  the  telescope  used  by 

Galileo ;  for  the  first  telescope  constructed  by  '^'K-  '*■ 
thia  astronomer  magnified  the  diameters  of  oh- 
jects  only  three  times ;  his  second  improved  tele- 
scope magnified  only  eight  limes  ;  and  the  best 
telescope  which,  at  that  ^me,  he  found  himself 
capable  of  constructing,  magnified  little  more 
than  Ihirly  limei .-  and  with  this  telescope  he 
made  most  of  his  discoveries.  But  a  lelcscape 
of  this  power  is  not  sufficient  to  show  the 
openin;;  or  dork  space  between  tbe  ring  and 
Saturn  on  each  ude  of  the  planet ;  and  at  the 
time  when  it  appeared  divested  of  its  two 
appendages,  the  thin  and  dark  edge  of  the 
ring  must  have  been  in  a  line  between  bti 
eye  and  the  body  of  Saturn,  which  phenome- 
tton  happens  once  every  fifteen  years.  About 
forty  years  after  this  period  the  celebrated 

Huy^ens  greatly  improved  the  art  of  grinding  .  ""  firflowing  are  the  diaetulona  of  the 

object  glasses;  and  vrith  a  telescope  of  his  ^g*!  "  determined  by  the  obaertaliona  of 

own  constniction,  twelve  feet  long,  and  after-  Sir  W.  Herschel,  which  are  here  expressed 

wanl  withanotberoftwenty.threefeet,which  ""    ""    nearest    round    numbers.      Outsida 

mngniried  objects  one  hundred  Umes,  he  dia-  diameter  of  the  exitrior  ring,  a  d,  204,800 . 

covered  the  true  shape  of  Saturn's  ring,  and  .  See  ■' w.iM.pt^rol  7Va»»a«(«j,"  No.  »T8- 

b  lflS9  he  publiahed  bra  "  Syiltma  Salur-  for  Jalr-  ''*>  \  and  Reid  and  Giiy'a  AbrJdinwni, 

rti'tim,"  in  which  he  describes  and  delineates  i.,-?-,     j.   ,  __        .,      .,.._= 

>U  Its  appearanoea.  Afcridimeni,  vol.  tL  p.  IM. 
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wliich  M  nearly  twenty-six  times  the  swift  rotatioQ  around  Saturn  in  its  own  plane, 

^ameter  of  the  earth.     Inside  diameter  of  which  it  accomplishes  in  about  ten  hours  and 

mis  ring,  190,200  miles;  breadth  of  the  dark  a  half.    This  is  very  nearly  the  periodic  time 

spece  between  the  two  rings,  2839  miles,  which  a  satellite  would  take  in  revolving  at 

which  is  700  miles  more  than  the  diameter  the  same  distance  from  the  centre  of  Saturn. 

of  our  moon,  so  that  a  body  as  large  as  the  This  rotation  was  detected  by  observing  that 

moon  would  have  room  to  move  between  the  some  portions  of  the  ring  were  a  little  less 

rings.     Outside  diameter  of  the  interior  ring  bright  than  others.    Sir  W.  Herschel,  when 

h,  184,400,  and  the  inside  diameter,  146,300  examining  the  plane  of  the  ring  with  a  power-* 

miles.     BreacUh  of  the  exterior  ring,  7200  iul  telescope,  perceived  near  the  extremity  b( 

miles ;  breadth  of  the  interior  20,000  miles,  or  its  arms  or  anaas  several  lucid  or  protuberant 

2j  times  the  diameter  of  the  earth ;  so  that  points,  which  seemed  to  adhere  to  the  ring. 

the  interior  ring  is  nearly  three  times  broader  At  first  he  imagined  them  to  be  satellites,  but 

than  the  extierior.    The  thiekmss  of  the  rings  afterward  found,  upon  careful  examination, 

has  not  yet  been  accurately  determined.    Sir  that  none  of  the  satellites  could  exhibit  such 

John  Hexschel  supposes  tlmt  it  does  not  ex-  an  appearance,  and  therefore  concluded  that 

eeed  a  hundred  miles.    **  So  very  thin  is  the  these  points  adhered  to  the  ring,  and  that  the 

liog,*' says  Sir  John,  *' that  it  is  quite  invisible,  variation  in  their  position  arose  from  a  rot»- 

when  its  edge  is  directly  turned  to  the  earth,  tion  of  the  ring  round  its  axis  in  the  period 

to  any  but  telescopes  of  extraordinary  power."  above  stated.    The  circumference  of  the  ex- 

On  the  19th  of  April,  1833,  ''the  disappear-  terior  ring  being  643,650  miles,  every  point 

ance  of  the  rings  was  complete  when  observed  of  its  outer  surface  moves  with  a  velocity  of 

with  a  reflector  eighteen  inches  in  aperture  more  than  a  thousand  miles  every  minute, 

and  twenty  feet  in  focallength.*    The  breadth  or  seventeen  miles  during  one  beat  of  the 

of  the  two  rings,  including  the  dark  space  be-  clock.    It  is  highly  probable  that  this  rapid 

tween  them,  is  very  nearly  equal  to  the  dark  rotation  of  the  ring  is  one  of  the  princi- 

spaoe  which  intervenes  between  the  globe  of  pal  causes,  under  the  arrangements  of  the 

Saturn  and  the  inside  of  the  interior  ring.    It  Creator,  of  audainvng  the  ring,  and  prevent- 

•ppears  to  have  been  lately  ascertained  that  ing  it  from  collapsing  and  felling  down  upon 

this  doable  ring  is  not  exactly  circular,  but  the  planet    This  double  ring  is  evidently  a 

eccentric.    This  seems  to  have  heen  first  ob-  BoUd  compact  substance,  and  not  a  mere  cloud 

oerved  by  M.  Schwalz,  of  Dessau,  in  1828.  or  shining  fluid ;  for  it  casts  a  deep  shadow 

He  informed  M.  Hardhng,  of  it,  who  thought  upon  difterent  regions  of  the  planet,  which  is 

be  saw  the  same  thing;  M.  Harding  informed  plainly  perceived  by  good  telescopes.    Be- 

Professor  Schumacher,  who  applied   to  M.  sides,  were  it  not  a  solid  arch,  its  centrifugal 

Strove  to  settle  the  question  by  means  of  the  force,  caused  by  its  rapid  rotation,  would  soon 

superb  micrometer  attached  to  his  great  tele-  dienipate  all  its  parts,  and  scatter  them  in  the 

scope.     M.  Strove   measured    the   distance  surrounding  spaces.    It  is  not  yet  ascertained 

between  the  ring  and  the  body  of  the  planet  whether  both  the  rings  have  the  same  period 

<m  five  diflferent  days,  and  ascertained  that  of  rotation.    This  magnificent  appendage  to 

Saturn's  ring  is  rtaUy  ectentricj  and,  con-  the  globe  of  Saturn  is  about  30,000  miles  dis- 

aeqoently,  that  the  centre  of  the  planet  does  tant  from  the  surface  of  the  planet,  so  that 

not  coincide  vrith  the  centre  of  the  ring ;  but  four  globes  nearly  as  large  as  the  earth  could 

that  the  centre  of  gravity  of  the  rings  oscil-  be  interposed  between  them  ;  it  keeps  always 

lates   round   that  of  the   body  of   Saturn,  the  same  position  with  respect  to  the  planet ; 

describing  a  very  minute  orbit    This  is  con-  is  incessantly  moving  around  it;  and  is  car- 

aiderrd  as  of  the  utmost  importance  to  the  ried  along  with  the  planet  in  its  revolution 

stability  of  the  system  of  the  rings,  in  pre-  round  the  sun. 

Tenting  them  from  being  shifted  from  their  The  surface  of  the  double  ring  does  not 
equilibrium  by  any  external  force,  such  as  seem  to  be  exactly  plane.  One  of  the  anssf 
the  attraction  of  the  satellites,  which  might  sometimes  disappears  and  presents  its  dark 
endanger  their  fiilling  upon  the  planet  That  edge,  while  the  other  ansa  continues  to  ap- 
this  double  ring  really  consists  of  two  con-  pear,  and  exhibits  a  part  of  its  plane  surface, 
centric  rings,  was  demonstrated,  says  Pro- 
fessor Robinson,  "by  a  star  having  been  seen  ,  t  The  parts  of  the  rin^  »»»<^l>\»»'^  f  "J*  "/  Jj^ 
^,  _!.  *!.  •  X  IV*.  At  >»  lonscst  axis,  reaching  beyond  the  disk  of  the 
through  the  mtcrval  between  them.  pianei,  are  called  the  nnea  An^ti  siisnifif  0  a  kavdle. 
This  double  ring  is  now  found  to  have  a  which  name  was  g^lven  when  telcBropes  were  fo 

imperfect  as  to  represent  i^aturn  as  a  globe  with 

♦  Sir  John  Herpchel  states  the  dimensions  of  two  smalt  knobs  on  each  side.    The  same  name  Is 

these  rings  on  a  somewhat  lower  scale  than  what  still  continued,  though  it  is  somewhat  improper, 

kis  father  determined,    lie  says  that  they  were  now  that  ihe  true  shape  of  this  appendage  is 

calculated  from  Professor  Struve's  mirrometrlcal  known.    Still  the  general  appearance  of  flatornls 

isvres ;  bdi  admits  that  some  of  the  dimeosions  somewhat  like  a  globe,  with  an  ansa  or  handle  on 


IM  stttes  are  perhaps  too  small.  each  side. 
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On  the  9th  of.  October,  1714,  the  anse  ap-  ringfs  contain  the  same  extent  of  sailace,  th« 

peared  twice  as  ahort  as  usual,  and  the  eastern  whole  area  comprehended  in  these  rings  wiJl 

one  much  longer  than  the  western.    On  the  amount    to  28|850,365,236,  or   more  thaa 

first  of  the  same  month,  the  largest  ansa  was  twenty-eight  thousand  eight   hundred   mil- 

on  the  east  side;  on  the  12th,  the  largest  ansa  lions  of  square   miles.     This   quantity  of 

was  on  the  west  side  of  Satunfs  disk;*  surface  is  equal  to  146  times  the  number 

which  led  the  observcn/,  even  at  that  period,  of  square  miles  in  the  terraquepuit  globe, 

to  conclude  that  the  ring  had  a  rotation  round  and  is  more  than  588  times  the  area  of  all 

the  planet    On  the  11th  of  January,  1774,  the  habitable  portions  of  the  earth.     Were 

M.  Messier  observed  both  the  ansae  completely  we  to  suppose  these  rings  inhabited  (which  is 

detached  from  the  planet,  and  the  eastern  one  not  at  all  improbable,)  they  could  accommodate 

krger  than  the  other.    In  1774,  Sir  W.  Her-  a  population,  according  to  the  rate  formerly 

ichel  likewise  observed  Saturn  with  a  single  stated,  of  8,078,102,266,080,  or  more  than 

ansa.    From  these  observations,  it  has  been  eight  biUions,  which  is  equal  to  more  than 

concluded  that  there  are  irregularities  on  the  ten  thousand  times  the  present  population 

surface  of  the  ring,  analogous,  perhaps,  to  of  our  globe ;  so  that  these  rings,  in  reference 

mountains  and  vales  of  vast  extent ;  and  that  to  the  space  they  contain,  may  be  considered, 

the  occasional  disappearance  of  the  anss  may  in  one  point  of  view,  as  equal  to  ten  thousand 

possibly  arise  firom  a  curvature  in  its  surface,  worlds. 

Sir  W.  Herschel  was  of  opinion  that  the  edge  Were  we  to  take  into  consideration  the 
of  the  exterior  ring  is  not  flat,  but  of  a  spheri-  thickness  of  the  rings,  we  should  find  a  very 
cal,  or  rather  spheroidal  form.  considerable  addition  to  the  area  above  stated. 
Dimensions  of  Satum*s  Rings^ — ^It  is  difii-  Supposing,  according  to  Sir  J.  Herschers  eati- 
cult  for  tlie  mind  to  form  an  adequate  concep-  mate,  that  they  are  only  one  hundred  mile« 
tion  of  the  magnitude,  the  mechanism,  and  thick,  the  area  of  the  exterior  cireumferenoe 
the  magnificence  of  these  wonderful  rings,  of  the  edge  of  the  outer  ring  will  be  64,365,- 
which  form  one  of  the  most  astonishing  ob-  700  miles ;  and  that  of  the  interior  edge,  59,- 
jects  that  the  universe  displays.  In  order  to  777,100.  The  exterior  edge  of  the  inner 
appreciate,  in  some  measure,  the  immense  size  ring  will  contain  an  area  of  57,964,200  square 
of  these  rings,  it  may  be  proper  to  attend  to  miles,  and  the  interior  edge  •  45,980,000 ;  in 
the  following  statements :  Suppose  a  person  all,  228,077,000  square  miles,  which  is  thirty- 
to  travel  round  the  outer  edge  of  the  exterior  one  millions  of  square  miles  more  than  the 
ring,  and  to  continue  his  journey  without  in-  whole  area  of  our  globe, 
termission  at  the  rate  of  twenty-five  miles  These  rings,  therefore,  exhibit  a  striking 
every  day,  it  would  require  more  than  seventy  idea  of  the  power  of  the'  Creator,  and  of  the 
years  before  he  could  finish  his  tour  round  grandeur  and  magnificence  of  his  plans  and 
this  immense  celestial  arch.  The  interior  operations.  They  likewise  display  ihe  deptha 
boundary  of  the  inner  ring  incloses  a  space  of  his  wisdom  and  intelligence ;  for  they  are 
which  would  be  sufficient  to  contain  within  it  so  adjusted,  both  in  respect  to  their  position 
three  hundred  and  forty  globes  as  large  as  the  around  the  body  of  the  planet  and  to  the  de- 
earth  ;  and  the  outer  ring  could  inclose  witliin  gree  of  motion  impressed  upon  them,  as  to 
its  inner  circumference  five  hundred  and  se-  prevent  both  their  &Uing  in  on  the  planet  and 
renty-five  globes  of  the  same  magnitude,  sup-  their  flying  off  from  it  through  the  distant  re- 
posing every  portion  of  the  inclosed  area  to  gions  of  space.  We  have  already  staled  that 
be  filled.  This  outer  ring  woald  likewise  in-  the  rings  are  not  exactly  concentric  willi  the 
close  a  globe  containing  2,829,580,622,048,-  body  of  the  planet  Now,  it  is  demonstrable, 
315,  or  more  than  two  thousand  eight  hundred  from  physical  considerations,  that  were  they 
billions  of  cubical  miles,  which  globe  would  mathematically  perfect  in  their  circular  form, 
be  equal  to  more  than  ten  thousand  eight  and  exactly  concentric  with  the  planet,  **  they 
hundred  globes  of  the  size  of  the  earth.  ^In  would  form  a  system  in  a  state  of  unstable 
regard  to  the  quantity  of  surface  contained  equilibrium,  which  the  slightest  external 
in  these  rings,  the  one  side  of  the  outer  ring  power,"  such  as  the  attraction  of  the  satellites, 
contains  an  area  of  4,529,401,800,  or  more  "might  completely  subvert,  by  precipitating 
than  four  thousand  five  hundred  millions  of  them  unbroken  on  the  surface  of  the  pltineL" 
square  miles.  The  one  side  of  the  inner  tor  physical  laws  must  be  considered  as  ope- 
ring  contains  9,895,780,818,  or  nearly  ten  rating  in  the  system  of  Saturn  as  well  as  in 
thousand  millions  of  square  miles.  The  two  the  earth  and  moon,  and  the  other  planets ; 
rings,  therefore,  contain  on  one  aide  above  and  every  minute  circumstance  must  be  ad- 
fburteen  thousand  four  hundred  millions  of  justed  so  as  to  correspond  with  these  laws. 
aquare  miles ;  and  as  the  other  sides  of  the  **  The  observed  oscillation,*'  says  Sir  J.  Her- 

•  Memoirs  of  the  Royal  Academy  of  Sciences  ^^^^  "  °f  ^^f  centtes  of  the  rings  about  that 

fbr  1719.  of  the  planet  is,  m  itself,  the  evidence  of  a 
<428) 
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petpotval  contest  between  oonservatiTe  and  decays,  and  it  appears  like  a  cloudy  arch 

deirtructive  powers,  both  extremely  feeble,  but  throughout  the  day.    The  following  circum- 

ao  antagoniang  one  another  as  to  prevent  the  stances  will  add  to  the  interest  of  this  aston- 

laiter  from  ever  acquiring  an  uncontrollable  iahing  spectacle :  I.  The  rapid  motion  of  the 

ascendency  and  rushing  to  a  catastrophe."  rings,  which  will  appear  to  move  from  the 

**  The  smallest  difference  of  velocity  between  eastern  horizon  to  the  zenith  in  two  hours  and 

the  body  and  rings  must  infidlibly  precipitate  a  half.    2.  The  divenity  of  turf  (ice  which  the 

the  latter  on  the  former,  never  more  to  sepa-  rings  wil}  exhibit ;  for  if  we  can  trace  inequa- 

rate ;  consequently,  either  their  motions  in  lities  upon  these  rings  by  the  telescope  at  the 

their  eommon  orbit  round  the  sun  must  have  distance  of  more  than  800,000,000  of  miles, 

been  adjusted  to  each  other  by  an  external  much  more  must  the  inhabitants  of  Saturn 

power  with  the  minutest  precision,  or  the  perceive  all  the  variety  with  which  thby  are 

rings  must  have  been  formed  about  the  planet  adorned  when  they  are  placed  so  near  them 

while  subject  to  their  common  orbitual  mo-  as  the  one  eighth  part  of  the  distance  of  our 

tion  and  under  the  full  free  influence  of  all  moon.    Every  two  or  three  minutes,  there- 

the  acting  forces."    Here,  then,  we  have  an  fore,  a  new  portion  of  the  scenery  of  the  rings 

evident  proof  of  the  consummate  wisdom  of  will  make  its  appearance  in  the  horizon  with 

the  aloiighty  Contriver  in  so  nicely  adjusting  all  their  diversified  objects;  and  if  these  rings 

every  thing  in  respect  to  number,  weight,  po-  be  inhabited,  the  various  scenes  and  operations 

sBtion,  and  motion,  as  to  preserve  in  undeviat-  connected  with  their  population  might  be  dis- 

mg  stability  and  permanency  this  wonderful  tinguished  from  the  surface  of  Saturn  with 

system  of  Saturn ;  and  we  have  palpable  evi-  such  eyes  as  ours,  aided  by  our  most  powerful 

dence  that  every  thing  conducive  to  this  end  telescopes.    3.  The  motion  of  the  shadow  of 

has  been  accomplished,  from  the  &ct  that  no  the  globe  of  Saturn  in  a  direction  contrary  to 

■enslble  deviation  has  been  observed  in  this  the  motion  of  the  rings,  which  shadow  will 

system  for  more  than  330  years,  or  since  the  occupy  a  space  of  many  thousand  miles  upon 

ring  was  discovered;  nor,  in  all  probability,  the  rings,  will  form  another  variety  of  scenery 

has  there  ever  been  any  change  or  catastrophe  in  the  firmament.    4.  If  the  two  rings  revolve 

in  this  respect  since  the  planet  was  first  ere-  around  the  planet  in  difierent  periods  of  time, 

ated  and  launched  into  the  depths  of  space.  the  appearance  in  the  celestial  vault  will  be 

Appeartmee  of  the  Rings  from  the  Body  still  more  diversified ;  then  one  scene  will  be 

«f  Saiurru — ^Tbese  rings  will  appear  in  the  seen  rising  on  the  upper,  and  another  and  a 

mmament  of  Saturn    like    large  Juminous  different  scene  rising  on  the  lower  ring ;  and, 

aichesor  semicircles  of  light,  stretching  across  through  the  opening  between  the  rings,  the 

the  heavens  fifom  the  eastern  to  the  western  stars,  the  planets,  and  one  or  two  of  the  satel* 

horizon,  occupying  the  one  fourth  or  one  fifth  lites  may  sometimes  appear. 
part  of  the  visible  sky.    As  they  appear  more       Near  the  piJar  regions  of  the  planet  only  a 

brilliant  than  the  body  of  the  planet,  it  is  pro-  comparatively  small  portion  of  the  rings  will 

bable  that  they  are  composed  of  substances  appear  above  the  horizon,  dividing  the  celes- 

fitted  for  reflecting  the  solar  light  with  peculiar  tial  heniisphere  into  two  unequal  parts,  and 

q)lendonr,  and  therefore,  will  present  a  most  presenting  the  same  general  appearance  now 

ma^ficent  and  brilliant  aspect  in  Jthe  firms-  described,  but  upon  a  smaller  scale.   Towards 

ment  of  Saturn.    Their  appearance  will  be  the  polar  points  the  rings  will,  in  all  probabi- 

<fiilerent  in  diflercnt  regions  of  the  planet  At  lity,  be  quite  invisible.    During  the  space  of 

a  little  distance  from  the  equator  they  will  be  fourteen  years  and  nine  months,  which  is  half 

seen  neariy  as  complete  semicircles,  stretching  the  year  of  this  planet,  the  sun  shines  on  the 

akmg  the  whole  celestial  hemisphere,  and  ap-  one  side  of  these  rings  without  intermission^ 

pearing  in  their  greatest  splendour.    In  the  and  during  the  same  period  he  shines  on  the 

daytime  they  will  present  a  dim  appearance,  other  side.  During  nearly  fifteen  years,  there* 

like  a  cloud  or  like  our  moon  when  the  sun  fore,  the  inhabitants  on  one  side  of  the  equatoi 

is  above  the  horizon.  After  sunset  their  bright-  will  be  enlightened  by  the  sun  in  the  daytime 

nesB  vrill  increase,  as  our  moon  increases  in  and  the  rings  by  night,  while  those  on  the 

brilliancy  as    the  sun   disappears,  and  the  other  hemisphere,  who  live  tmder  the  dark 

shadow  of  the  globe  of  Saturn  will  be  seen  on  side  of  the  ring,  suffer  a  solar  eclipse  of  fifteen 

their  eastern  boundary  directly  oppodte  to  the  years'  continuance,  during  which  they  never 

sun.    This  shadow  will  appear  to  move  gra-  see  the  sun.  At  the  time  when  the  sun  ceases 

dually  along  the  rings  till  midnight,  when  it  to  shine  on  one  side  of  the  ring  and  is  about 

will  be  seen  near  the  zenith,  or  the  highest  to  shine  on  the  other,  the  rings  will  be  invi- 

point  of  these  celestial  arches.  After  midnight  sible  for  a  few  days  or  weeks  to  all  the  inhabit- 

it  win  appear  to  decline  to  the  western  horizon,  ants  of  Saturn. 

where  it  will  be  seen  near  the  time  of  the       At  first  view  we  might  be  apt  to  suppose 

liriDg  of  the  mm.  After  sunrise  the  brightness  that  it  must  be  a  gloomy  situation  for  thoat 
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who  lit«  undei  the  disdair  of  the  rfngi  during  cdipaed  by  the  appBr  and  tomn  edgt  of  tlM 
■0  long  ft  period  u  Gfteen  ;«n;  but  we  ue  rings  in  the  dsytiBK,  i*  rapTetented  Me,f,g, 
not  acquainted  with  all  the  dretinutaneet  af  and  h.  The  other  objects  *re  aome  of  the  aa- 
llieir  Nlu&tion,  or  (he  nuntaiouB  beneficent  tellitaa  in  difierent  phaae*,  and  the  fixed  atara, 
contrivinces  which  maj  tend  to  cheer  them  of  which  few  will  probably  be  seen,  ■ome  of 
during  thisperiDil,  uid.lh£i«rore,are  notwar-  Ihetn  wilhio  and  aome  of  Ihem  beyoid  tba 
ranted  lo  coDclode  that  loch  a  utnalion  ia  pig.  AS. 

phyiicjly  uncomfortable.     Wf  know  that  

they  enjoy  the  light  of  tbeir  oioona  without 
almoel  any  interruption;  aometiniM  two, 
•ometimea  four,  and  aometimet  all  their  aeren 
mooDrare  ahining  in  Ibeir  hemiipiiere  in  mm 
briglit  assemblage.  Beajdes.  during  this  period 
U  the  principal  opportunity  ttiey  enjoy  of  coo- 
templaling  the  stairy  firmament,  and  surrey- 
iog  the  more  distant  regions  of  (he  univeiae, 
in  wbich  they  may  eojoj  s  pleasure  equal,  if 
not  superior,  to  what  is  feltamicl  the  aplendonr 
of  the  eolaj  rays  ;  artd  it  ia  not  improbaUe  that 
multitudes  may  resort  to  these  daz^er  regiimt 
for  tba  purpose  of  maldag  celestial  obserra- 
Uons;  for  the  bright  shining  of  the  rings  dur- 
ing the  continuaiice  of  ni|;ht  will,  in  alt  pnv 
babilily,  prevent  the  numerous  objects  in  the 
atany  bmveni  from  bBmg  distinguished.  Tba 
very  circumstances,  then,  which  might,  at  firrt 
view,  convey  lo  oqr  minds  images  of  gloom 
and  horror,  maybe  parts  of  a  system  inw'uch 
are  displayed  the  most  Miiking  eridencai  of 
beiiclfcent  contrivance  and  deeign.  It  muirt 
be  a  striking  scene  when  the  sun  ia  of  a  sud- 
den altogether  intercepted,  without  any  appa- 
rent cause,  not  to  return  for  filleen  years ;  

and,  on  the  other  hand,  when,  at  the  end  of 
this  period,  his  light  again  bunts  all  at  onea 
upon  Ihs  aatoniahed  behddera,  clonng  up,  as 
it  were,  the  prospects  of  the  firmament,  and 
diOusing  his  splendour  on  every  surrounding 
object;  and  both  events  may  be  attended  with 
sentimenls  of  admiration  and  emotions  of  de- 
light At  curtain  limes  of  lbs  year  of  Saturn, 
and  in  certain  latitudes  from  his  equator,  the 
sun  nill  be  eclipeed  for  a  short  time,  every 
day  at  noon,  by  the  upper  part  of  the  exterior 
[ing,  according  as  he  declines  more  or  less  to 
the  opposite  aide;  and  sometimea  he  will  be 
partially  eclipsed  by  the  under  side  of  the  ex- 
terior ring  and  the  upper  side  of  " 


g  the 


interval  which  separ 

The  following  figures  are  mianuea  to  con- 
vey a  rude  idea  of  the  objects  cormected  with 
the  firmamcnl  a(  Satum. 

Fig.  C9,  represenla  iLe  appearance  of  the 
rioga  at  a  little  distance  from  the  planet's 
equator,  where  they  will  appear  nearly  aa  com- 
plete semidrclea,  A  B  repreeents  a  portion 
of  the  globe  of  Satum ;  C  Z>  the  shadow  of 
Satura,  as  it  appears  upon  the  ringe  al  mid- 
night, after  which  it  wUI  appear  lo  move  gra- 
dually to  the  west  till  sunrise,  iriien  it  will 
disappear  below  the  boriion.  The  sun,  partly 
C480) 


Fig-M. 
ringa.  Fig.  60,  reprennta  the  rings  ai  Ihej 
will  appear  from  plaeea  near  the  polar  regions 
of  the  planet,  from  which  situations  they  will 
appear  as  oniy  small  segments  of  drcles  near 
the  horizon.  The  nearer  the  pole,  Ihe  amaUer 
the  ctrcliM  will  appear. 

From  the  above  description,  it  appears  that 
(here  is  a  great  varidif  in  Ihe  scenery  pre* 
senled  in  the  firmament  of  Satum ;  and  this 
acenery  ia  difierent  as  viewed  from  dilfemit 
regiona  of  the  planet.  From  the  regiona  near 
the  equator  the  rings  will  appear  to  tha 
greatest  advantage  and  in  all  tlieir  splendour. 
From  tbeae  poajtlona  Ihe  various  objects  con- 
nected with  the  rings  will  be  most  distinctly 
observed,  as  the  spectators  will  be  al  dia 
neareat  distance  from  the  inner  ring,  which  ia 
about  thirty  thoiisaiul  miles.  At  the  latitude 
of  45°  they  will  be  twenty  thouaend  miles 
further  from  them ;  they  will  appear  at  a 
much  lower  elevaUon  above  the  horizon,  a 
smaller  portion  of  (heir  curve  will  be  seen, 
and  their  breach  will  occupy  a  leas  spacp  in 
the  heavena.  Al  a  higher  latitude  a  stiD 
smaller  portion  will  be  seen,  till  (hey  dwindle  - 
to  a  small  curre  or  qieck  <A  light  in  tba  hfiri- 
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Bon;  and  at  die  poles  they  will  be  quite  iavi-  for  novelty  and  variety  which  Ate  implanted 
able  by  the  interpoaitiou  of  the  equatorial  parts  in  the  minds  of  intelligent  beings.  2.  They 
of  die  planet.  Immediately  under  the  equator  are  intended  to  give  a  display  of  the  grandeut 
Ibe  light  of  the  rings  will  be  scarcely  visible,  of  the  Divine  Being,  and  of  tbe  eflccts  of  hii 
but  the  sun  will  occasionally  illuminate  the  omnipotence.  They  are  also  intended  ta 
tioder  edge  of  the  interior  ring,  at/,  f,  jD,  and  evince  his  inscrutable  wisdom  and  intelligence 
other  places ;  which,  at  night,  will  appear  like  in  the  nice  adjustment  of  their  motions  and 
a  narrow  luminous  arch  stretching  directly  positions,  so  as  to  secure  their  stability  and 
■cross  the  zenith  from  the  eastern  to  the  west-  permanency  in  their  revolutions,  along^vith  the 
era  horizon,  and  diveisified  with  the  motion  planet,  around  the  sun.  3.  They  are  doubtless 
of  the  shadow  of  Saturn.  Besides  the  difierent  intended  to  teach  us  what  varied  scenes  of  sub- 
appearanoes  of  the  starry  regions,  the  various  limity  and  beauty  the  Deity  has  introduced  or 
af^iects  of  the  moons,  some  of  them  rising,  may  yet  introduce  into  various  regions  tlirough- 
•etting,  and  culminating,*  some  of  them  ap-  out  the  universe.  We  are  acquainted  with  only 
pearing  as  crescents,  half  moons,  and  full  en-  a  few  particulars  respectiong  one  planetary 
l^htened  henuspheies,  some  entering  into  an  system ;  but  we  have  every  reason  to  conclude 
eclipse,  and  some  emerging  from  it,  and  all  of  that  many  millions  of  similar  or  analogous 
them  appearing  to  move  with  a  rapid  velocity  systems  exist  throughout  the  unlimited  regions 
around  the  sky,  will  greatly  add  to  the  variety  oS  space.  In  some  of  those  systems  the  ar< 
and  diversity  of  scenery  which  appears  in  the  rangements  connected  with  the  worlds  which 
firmament  of  this  planet.  This  diversity  of  compose  them  may  be  as  difierent  from  those 
aspect,  which  the  scenery  of  nature  presents  of  our  globe  and  some  of  the  other  pla- 
from  different  regions  of  the  planet,  will,  in  nets,  as  the  arrangements  and  apparatus  con- 
all  probability,  have  a  tendency  to  promote  nected  with  Saturn  are  different  from  those 
frequent  intercourses  among  the  difterent  tribes  of  the  planet  Vesta  or  Mars.  Around  some  of 
of  it«  inhabitants,  in  order  to  contemplate  the  these  worlds  there  may  be  thrown  not  only  two 
difierent  scenes  of  nature  and  providence  dis-  concentric  rings,  but  rings  standing  at  right 
played  throughout  this  spacious  and  magnifi-  angles  to  each  other,  and  inclosing  and  re- 
cent globe.  All  these  circumstances,  properly  volving  round  each  other ;  yea,  for  aught  we 
considered,  form  of  themselves  a  presumptive  know,  there  may  be  an  indefinite  number  of 
argument  to  prove  that  the  sublime  and  ex-  rings  around  some  worlds,  and  variously  in* 
qiiisite  contrivances  connected  with  this  placet  clined  to  each  other,  so  that  the  planet  may 
were  not  intended  merely  to  illuminate  barren  appear  like  a  terrestiai  globe  suspended  in  the 
sands  and  hideous  deserts,  but  to  afibrd  a  com-  middle  of  an  armillary  sphere ;  and  all  those 
fortable  and  magnificent  habitation  for  thou-  rings  may  be  revolving  within  and  around 
sands  of  millions  of  rational  inhabitants,  who  each  other  in  various  directions  and  in  differ- 
employ  their  Acuities  in  the  contemplation  of  ent  periods  of  time,  so  as  to  produce  a  variety 
the  wonders  which  surround  them,  and  give  and  sublimity  of  aspect  of  which  we  can 
to  their  Creator  the  glory  which  is  due  to  his  form  no  adequate  conception.  There  is  no* 
name.  thing  irrational  or  extravagant  in  these  suppo- 
It  has  often  been  asked  as  a  mysterious  sitions ;  for,  had  we  never  discovered  the  rings 
question,  **  What  is  the  tut  of  the  rings  with  of  Saturn,  we  could  have  formed  no  concep- 
which  Saturn  is  environed  1"  This  is  a  tion  of  such  an  appendage  being  thrown 
question  which  I  conceive  there  is  no  great  around  any  world,  and  it  would  have  been 
difficulty  in  answering.  The  following  con-  considered  in  the  highest  degree  improbable 
siderations  will  go  a  great  way  in  detcrmin-  and  romantic  had  any  one  broached  the  idea« 
ing  this  question :  1.  They  are  intended  to  We  are  therefore  led  to  conclude,  from  the 
produce  ^1  the  varieties  of  celestial  and  ter-  characteristic  of  variety  impressed  on  the  uni- 
vestial  scenery  which  I  have  described  above,  verse,  that  Saturn  is  not  the  only  planet  in 
and  doubtleas  other  varieties  with  which  we  creation  that  is  surrounded  with  such  an  appa* 
are  unacquainted  ;  and  this  circumstance  of  ratus,  and  that  the  number  and  position  of  its 
itnelf,  although  we  could  devise  no  other  rea-  rings  are  not  the  only  models  according  to 
aon,  might  be  sufficient  to  warrant  the  Creator  which  the  planetary  arrangements  in  other 
to  deviate  from  his  general  arrangements  in  systems  may  be  constructed, 
respect  to  the  other  planets.  For  variety  is  4.  Besides  the  considerations  now  stated, 
one  characteristic  of  his  plans  and  operations,  the  chief  use,  I  presume,  for  which  these  rings 
both  in  respect  to  the  objects  on  our  globe  and  were  created  was,  that  they  mighC  serve  as  a 
Uf  those  which  exist  throughout  the  planetary  spacious  abode  for  myriads  of  inteliii^ent 
system,  and  it  is  accordant  with  those  desires  creatures* .  If  we  admit  tharthe  globe  of  8a- 

.   ^  .  . .      ,^  ^     .  turn  was  formed  for  the  reception  of  rational 

•  A  heavenly  body  It  said  to  culminate  when  h  r^u.uu-,.,*.  ♦!,..—  .nn^^  ««^^-«^«  «_i 

comee  to  Che  i^rkliaa,  or  ibe  bighest  poiat  of  iis  innawtants,  there  app(»is  no  reason  why  we 

Aornai  course.  should  not  also  admit  that  the  nogs  were  con- 
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structed  chiefly  for  the  same  purpose.  These  the  system  of  Satam,  were  it  not  that  I  do 
ringSi  as  we  have  ahready  seen,  contain  a  sur*  not  wish  to  exhaust  the  patience  of  the  leader 
face  of  about  thirty  t/unutmd  milUoaa  of  by  dwelling  too  long  on  one  subject  The 
square  miles ;  and,  if  all  the  other  planets  be  circumstance  of  two  concentric  rings  being 
inhabited,  it  is  not  likely  that  the  Creator  thrown  around  a  planet,  however  simple  it 
would  leave  a  space  equal  to  nearly  600  times  may  at  first  sight  appear,  involves  in  it  an  im« 
the  habitable -parts  of  our  globe  as  a  desolate  mense  variety  of  peculiar  and  striking  pheno- 
waste,  without  any  tribes  of  either  sensitive  or  mens,  in  regaid  both  to  the  inhabitants  of  the 
intelligent  existence.  It  forms  no  objection  planet  and  of  the  ringa^so  that  it  is  difficult  for 
to  this  idea  that  the  rings  are  Jlatf  and  not  the  mind  to  form  a  precise  and  definite  con- 
globular  like  the  planets ;  for  the  Creator  ean  ception  of  every  particular.  To  acqubre  even 
arrange  any  figure  of  a  world  into  a  suitable  a  general  view  of  such  phenomena,  it  would 
abode  for  intelligent  beings ;  and  on  our  globe  be  requiute  to  construct  a  pret^  large  ma- 
we  find  myriads  of  animated  beings  fitted  for  chine,  representing  the  system  of  Saturn,  in 
every  mode  of  existence,  and  in  situations  all  its  known  motions  and  proportions,  and  to 
where  we  should  scarcely  ever  have  expected  make  it  revolve  around  a  central  light  An 
to  see  them.  Besides,  three  or  four  centuries  instrument  of  this  kind  is  as  necessaiy  for 
have  scarcely  elapsed  since  the  earth  was  ge«  illustrating  the  subject  on  which  we  have 
nerally  considered  as  a  plane  indefinitely  ex-  been  descanting,  as  an  orrery  or  planetarium 
tended ;  and  the  idea  of  its  being  a  globe,  to  illustrate  the  seasons  and  the  planetary 
inhabited  on  all  sides,  was  scouted  as  untena-   motions. 

ble,  and  considered  far  more  ridiculous  than  it        Dsleseopte  Views  of  Saturn  and  its  JRings. 
can  be  now  to  suppose  the  fiat  rings  of  Saturn   — ^As  these  rings  present  a  variety  of  aspects 
as  serving  the  purpose  of  a  habitable  world,   as  seen  from  different  parts  of  the  planet,  so 
What  should  hinder  them  from  serving  this   they  appear  to  assume  a  diiXerent  appearance 
purpose  as  well  as  the  globe  of  Saturn  1  They   at  different  times  when  viewed  through  our 
are  solid  arches,  which  is  evident  fi'om  their   telescopes.    Sometimes  the  planet  appears  to. 
shadows  and  their  rapid  motion ;  they  contain   be  completely  divested  of  its  rings;  sometimes 
an  ample  space  for  an  immense  population ;   they  a|^>ear  only  like  a  short  luminous  line  or 
they  have  the  power  of  attraction,  like  other   streak  on  each  side  of  its  body;  sometimes  they 
material  substances  connected  with  the  sola^  appear  like  handles  on  each  side  of  the  planet* 
system ;  they  are  capable  of  being  adorned   and  at  other  times  like  a  large  ellipee  or  oval  al 
with  as  great  a  diversity  of  surfiice,  and  as   most  surrounding  the  body  of  the  planet  These 
great  a  variety  of  beautifiil  and  sublime  ob-   varied  aspects  of  the  rings  are  owing  to  the 
jects,  as  this  earth  or  any  other  of  the  plafietaiy   following  circumstances.     The  rings  never 
bodies;  and  it  can  make  no  great  difference  in   stand   at  right  angles  to  our  line  of  vision; 
the  enjoyments  of  sentient  and  intellectual   otherwise  we  should  see  them  as  represented 
beings  whether  they  live  on  a  globe,  a  spheroid,   in  Fig.  58,  (p.  84.)     Our  eye  is  never  ele- 
a  cylinder,  or  a  piano  surface,  which  the  hand   vated  more  than  thirty  degrees  above  the  plane 
of  Wisdom  and  Omnipotence  has  prepared   of  the  rings.    The  plane  of  these  rings  pre* 
for  their  reception ;  while  it  displays,  at  the   serves  a  position  parallel  to  itself  in  every  part 
same  time,  the  variety  of  modes  in  which  the   of  the  planet's  revolution,  being  constantly  in- 
Universal  Parent  can  convey  happiness  to  his   clinod  at  the  same,  or  neariy  the  same  angle 
numerous  offsprmg.    It  may,  perhaps,  be  ob-   to  the  orbit  and  to  the  ecliptic,  which  angle  is 
jected  to  the  idea  of  the  habitability  of  these   about  twenty-nine  or  thirty  degrees.    The 
rings,  that,  while  one  side  is  enlightened  dur-   nodes  of  the  rings  lie  in  190^  and  350^  of 
ing  fifteen  years  without  intermission,  the   longitude,  which  correspond  to  the  twentieth 
other  side  remains  in  the  dark  during  the   degree  of  Virgo  and  the  twentieth  of  Pisces, 
same  period.     But  the  same  thing  happens  to    When,  therefore,  the  planet  is  in  these  points, 
extensive  regions  on  the  globe  of  Saturn ;  and,   the  rings  entirely  disappear,  because  the  thin 
doubtless,  arrangements  are  made  for  the  en-   edge  of  the  outer  ring  only  is  turned  towards 
joy  ment  of  the  inhabitants  in  both  cases  during   our  eye,  and  every  trace  of  it  is  lost  for  some 
this  period.    They  enjoy  in  succession,  and    time,  except  the  shadow  of  it,  which  appeani 
sometimes  all  at  once,  the  light  reflected  fi'om   like  a  dark  belt  across  the  planet    This  disap- 
at  least  seven  moons,  and  they  behold  occa-   pearance  happens  once  every  fifteen  years, 
sionally  the  body  of  Saturn  reflectfng  the  solar  but  frequently  with  different  circumstances, 
rays  from  certain  parts  of  its  sur&ce,  and  ap-  Two  disappearances  and  two  reappearances 
peering  like  a  vast  luminous  crescent,  in  dlf-  may  occur  in  the  same  year,  but  never  more, 
ferent  degrees  of  lustre,  suspended  in  the  sky.   When  Saturn  is  in  the  longitude  above  stated, 
(See  p.  88.)  the  plane  of  the  rings  passes  through  the  sun. 

Many  other  views  and  descriptions  might   and,  the  light  then  fiilling  upon  it  edgewise,  it 

be  given  of  the  phenomena  connected  with  is  to  as  no  longer  visible.    The  rinss  likewka 
(432) 
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«  perieplibto  eteept 
>  the  dark  abadc  across  iu  disk,  as  rrpreaeutad 
'n  the  ftgaie.  The  first  timo  the  weatber  per- 
niUed  DbsprvnUona  on  Salum  shout  tbU  pe- 
ts rings.  Wbea  (be  esrth  is  pUced  on  riod  wss  December  ST,  when  I  perceived  the 
the  aiile  of  the  rings  which  is  turned  from  the  rin^,  with  a  power  of  180,  appearing  lihe  ■ 
ran,  in  have  a  ^ird  csuse  of  its  disappear-  fine  thread  of  light  on  eash  side  of  the  planet, 
UKn.  Aa  the  planet  paasea  trom  the  ssiwnd-  as  represented  Fig.  61.  About  the  beginning 
hig  to  the  dcsrending  node  of  the  rings,  the  <rf  October  the  plane  of  the  ring  paased 
•MrMern  side  of  their  plane  is  turned  towards  throngh  the  cantic  of  the  ann.  Al  that  time 
ttke  sun.  As  it  passes  from  the  descending  to  the  inhabitants  of  Saturn,  who  had  previously 
(he  ascending  node,  the  smthem  side  of  the  been  in  darluiess,  would  perceive  the  margin 
rings  is  cnhghtened.  In  proportion  as  it  re-  of  the  sun  projecting  over  the  edge  of  the 
cedes  from  these  nodes,  the  rings  sppear  to  ring  like  a  brilliant  streak  of  light,  and,  in  the 
widen  and  to  present  a  broailer  ellipsis,  tiQ  it  eonise  of  about  Ibar  of  our  days,  or  nine  days 
■nives  at  90°  from  either  node,  or  in  B0°  or  of  Saturn,  the  v>ho1e  body  of  the  sun  would 
160°  of  longitude,  corresponding  to  3')°  of  appear  above  the  plane  lA  the  ring,  gradually 
Gemini  and  20°  of  Scorpio;  at  which  time  the  rising  a  liUle  higher  ever?  day,  as  he  does 
rings  will  be.Been  lo  the  greatest  adtranlage,  after  the  21bI  March  to  the  north  pole  of 
and  appear  almoet  anrrounding  the  globe  of  the  earth.  The  ring  began  to  appear  a  little 
Saturn.  Al  the  time  of  the  grcateat  opening  larger  during  the  montha  of  January,  FeLru- 
of  the  rings,  their  shorter  diameter  appears  ary,  and  March,  1833 ;  but  in  April  it  again 
exactly  one  half  of  the  longer  diameter.  diaappeared,  as  the  earth  was  then  in  the  plana 

The  fbllowii^  fignres  represent  the  differ-  of  the  ring,  and  it  continued  invisible  till  near 
est  appearances  of  the  rings,  during  half  the  the  end  of  June.  Atler  which  it  egain  ap- 
period  of  the  revolntion  of  Saturn,  as  seen  peared,  as  reprearnted  in  Fig.  CI.  and  wiU 
thnn^  good  telescc^ies.  Fig.  H  shows  the  now  continue  visible  till  the  jear  184T,  when 
it  will  again  disappear.  In  about  a  year  after 
its  second  disappearance,  it  appeared  as  in 
Fig.  6S.  In  about  a  yeas  and  a  half  aller- 
ward  the  opening  between  the  rings  apicored 
wider,  as  in  Fig.  63  ;  and  in  1837  it  appeared 
as  in  Fig.  64.  In  Fig.  65  the  rings  ace  re- 
pmented  al  the  utmost  eitent  in  which  they 
are  ever  seen,  along  vrilh  the  dark  apai'e  that 
separates  the  two  rings,  nhich  can  only  be 
distinguiahed  by  a  telescope  mognifving  from 
saO  to  300  limes.  In  tliis  po«iiion"it  will  be 
seen  in  1840  ;  after  which  it  will  pass  through 
rJl  the  gradations  bore  represeiiledl,  appear- 
ing naiTovier  every  year  till  1847,  when  it 
will  he  seen  as  in  Fig.  61  ;  soon  alicr  which 
it  wilt  entirely  disappear,  and  the  planet  nil] 
be  seen  as  if  divested  of  its  ring,  as  represented 
in  Fig.  60.  Such  are  the  various  aspects  under 
nhich  Saturn  and  its  rings  appear,  as  viewed 
through  powerful  telescopes. 

Since  the  time  of  Newton,  when  the  phjsi- 
c*]  causes  of  the  celestial  motlpns  began  lo 
be  studied  and  inveatig»ied.  astronomers  h:Lve 
had  their  atlenlian  directed  to  the  power  oi 
influence  which  the  planetary  bodies  exert 
upon  each  other.    This  power  is  tenned  at- 
traction or  gravitation,  and  is  inherent  in  all 
material  anbutancea,  so  br  aa  our  knowledge 
■mauance  of  Saturn  ifhen  flu  plana  of  the   eitendn.    It  is  exerted  in  proportion  lo  the 
iBg  is  pklsllel  to  the  line  of  viuon,  and  its   quantity  of  matter  and  the  distances  of  the 
Ub  edge  tamed  to  the  eye.    In  this  marmer  respectiTe  bodies ;  the  planets,  in  their  nearest 
tt>e  pluiet  ^^Marcd  during  the  months  of  approach  lo  each  other,  causing  some  slight 
October,  Noieinber,  and  part  irf  December,   deiiatioaa  in  their  orbits  and  molionx.    Suna 
U  t  O  (433), 
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^atmbances  or  inequalities  in  the  motions  of  new  planet  were  determined  before  it  had 

Jupiter  and  Saturn,  which  could  not  be  ao-  complished  the  twentieth  part  <A  its  coarse^ 

counted  for  from  the  mutual  action  of  these  -  and  that  motion  was  not  less  accurately  known 

planets,  led  certain  astronomers  to  conclude  than  that  of  other  planets  which  had  been  ob- 

that  another  planet  of  considerable  magnitude  served  during  so  many  centuries.    Since  its 

existed  beyond  the  orbit  of  Saturn,  by  the  discoveiy  to  ^e  present  time,  it  has  not  yet 

action  of  which  these  irregularities  were  pro-  moved  much  more  than  two^thiids  of  a  revo* 

dttced.    It  was  not,  however)  till  near  the  lution  round  the  sun ;  and  yet  its  motions  are 

close  of  the  eighteenth  century  that  this  happy  calculated,  and  its  place  in  the  heavens  pre- 

eonjecture  was  realized  and  confirmed.    To  dieted,  with  as  much  accuracy  and  oertainty 

the  late  Sir  W.  Herschel  astronomy  is  in-  as  those  of  the  other  planets,  a  circumstance 

debted  for  discovering  a  new  primary  planet,  which  demonstrates  the  precision  of  modem 

which  had  been  previously  unknown  to  all  astronomers,  and  which  should  lead  the  unskil- 

•stronomets.  ful  in  astronomy  to  rely  on  the  deductions  of 

This  illustrious  astronomer,  when  residing  this  science,  however  &r  they  may  transcend 
in  Bath,  had  constructed  reflecting  telescopes  their  previous  conceptions, 
of  a  larger  size  and  with  higher  powera  than  When  the  motion  oi  this  new  planet  wa« 
any  that  had  been  previously  in  use,  and  had  calculated,  the  points  of  the  heavens  which  it 
devoted  his  unwearied  attention  to  celestial  successively  occupied  during  the  preceding 
observations.  While  punning  a  design  which  century  could  be  pointed  out ;  and  it  occurred 
he  had  formed,  of  making  minute  observations  to  some  astronomers  that  it  might  possibly 
on  every  region  of  the  heavens,  on  the  13th  have  been  observed  before,  though  not  knowu 
of  March,  1781,  while  examining,  with  one  to  be  a  planet  Mr.  Bode,  of  Berlin,  who 
of  his  best  telescopes,  the  constellation  of  had  just  published  a  work  containing  aU  the 
Gemini,  he  observed  a  star  near  the  foot  of  catalogues  of  zodiacal  stars  which  had  a{>» 
Castor,  the  light  of  which  appeared  to  differ  peered,  was  induced  to  consult  these  cat*- 
considerably  from  that  of  the  neighbouring  Ic^ues  in  order  to  discover  whether  any  star 
stars,  or  those  which  he  found  described  in  marked  by  one  astronomer,  and  omitted  by 
catalogues.  On  applying  a  higher  magnify*  another,  might  not  be  the  new  planet  in  queu- 
ing power  it  appeared  evidently  to  increase  in  tion.  In  Ihe^  course  of  this  inquiry  he  found 
diameter ;  and  two  days  afterward  he  per-  that  the  star  No.  964  in  Mayfr*s  catalogue 
ceived  that  its  place  was  changed,  and  that  it  had  been  unobserved  by  others  and  observed 
had  moved  a  little  from  its  former  position,  only  once  by  Mayer  himself,  so  that  no  mo- 
From  these  circumstances  he  concluded  that  tion  could  have  been  perceived  by  him.  On 
it  was  a  comet,  and  sent  an  account  of  it  as  this  Af^.  Bode  immediately  directed  his  tele* 
such  to  the  astronomer  royal.  As  a  comet,  scope  to  that  part  of  the  heavens  where  he 
however,  it  seemed  particularly  singalar  that  might  expect  to  find  it,  but  without  success. 
DO  tail  or  nebuloas  appearance  coald  be  per-  At  the  same  time  he  found,  by  calculation, 
ceived ;  on  the  contrary,  it  was  found  to  show  that  its  apparent  place  in  the  year  1756  ought 
with  a  faint  steady  light,  somewhat  paler  than  to  have  been  that  oC  Mayer's  star,  and  this 
that  of  Japiter.  The  account  of  this  disco-  was  one  of  the  years  in  which  be  was  busied 
very  soon  spread  throughout  Europe,  and  was  in  his  observations ;  and,  on  further  inquiry, 
eorifirmed  by  observations  made  at  Paris,  it  was  found  that  the  star  964  had  been  du- 
Vienna,  Milan,  Pisa,  Berlin,  and  Stockholm,  covered  by  Mayer  on  the  Iftth  of  September, 
The  star  was  for  some  time  generally  oonsi-  1766 ;  so  that  it  is  now  believed  that  this  star 
dered  as  an  extraordinary  comet,  free  of  all  was  the  new  planet  of  Herschel.  It  appears 
nebulosity,  and  astronomers  were  occupied  likewise  that  this  star  was  seen  several  timea 
in  determining  the  parabolic  elements  of  its  by  Flamstead,  the  astronomer  royal,  in  the 
course.  "The  President  Bochard  de  Saron,  year  1690;  once  by  Bradley;  and  eleven 
of  the  Academy  of  Sciences  of  Paris,  and  times  by  Lemonnier ;  all  of  whom  considered 
Lexel,  an  astronomer  of  St  Petereburg,  who  it  as  one  of  the  fixe<]  <:tars,  but  never  sua- 
was  in  London  at  the  time,  were  the  first  who  pected  that  it  was  a  planetary  body.  7^« 
discovered  its  circular  form,  and  calculated  the  discovery  of  this  planot  enlarges  oar  views  of 
dimensions  of  its  orbit  It  was  no  longer  the  extent  of  the  solar  system,  and  of  th« 
doubtod  that  Herschel's  star  was  a  new  planet ;  quantity  of  matter  it  contains,  fkr  more  than 
and  all  subsequent  observations  verified  this  if  planets  equal  to  Mercury,  Venus,  the  Earth, 
unexpected  result"*  We  have  here  a  strik-  the  Moon,  Mars,  Vesta,  Juno,  Ceres,  and  Pal- 
ing proof  of  the  perfection  of  modem  theories ;  las,  were  to  be  added  to  that  system ;  for,  al- 
for  the  laws  reg^ulating  the  motion  of  this  though  it  is  scarcely  distinguishaUe  by  th& 

naked  eye  on  the  vault  of  heaven,  it  is  vaorm 

*  Blocraphical  Memoir  of  Sir  W.  Herschel,  by  ^^    twenty  times  larger  than  all  these  bodifli 

Baron  Fourier.    Resd  to  the  Royal  Academy  of    rv    *7      1  ««»«'«  «»"  •«  wwib© '^ 

flcisBces.  Joat  7, 18S4.  taken  together. 
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After  this  body  was  ascertained  to  belong  doable  the  above  distance  before  it  rotuma* 

Id  the  planetary  system,  it  became  a  subject  The  circumference  of  the  orbit  in  which 

of  oonsidemtion  by  what  name  it  should  be  Uranus  revolves  about  the  sun  is  1 1,314,000,- 

dtstingnished.    The  old  planets  were  distin-  000  of  miles,  through  which  it  moves  in  30,* 

gutshed  by  names  borrowed  firora  the  heathen  686   mean  solar  days,  or  about  eighty-four 

deities,  a  nomenclature  which,  perhaps,  it  years.     It  is  the  slowest  moving  planet  in  the 

might  DOW  be  expedient  to  change ;  but  Gali-  system,  and  yet  it  pursues  its  course  at  tlie 

leo  and  Caastni  gave  to  the  celestial  bodies  rate  of  15,000  miles  every  hoar.    Were  a 

they  diacovenMi  the  r^ames  of  the  princes  who  steam-carriage  to  move  round  the  immense 

had  patronized  their  labours.    Hence  Galileo,  orbit  of  this  planet  at  the  rate  above  stated, 

when  he  had  discovered  the  satellites  of  Ju-  it  would  require  no  less  than  sixty-four  thou- 

piter,  sent  his  drawings  of  them  to  his  patron,  sand,  five  hundred  and  seventy  years  before 

Cosmo  Medici,  Great  Duke  of  Tuscany,  m  this  ample  circuit  could  be  completied ;  and 

honour  of  whom  he  called  them  Medicean  yet  a  globe  eighty  times  larger  th«i  the  earth 

tiaras  and  Cassini  named  the  satellites  of  finishes  this  vast  tour  in  eighty-four  years! 

Saturn  which  he  diacoveied  after  Louts  XIY.  This  planet  doubtless  revolves  round  its  axis 

la  imitation  of  these  discoveries,  Sir  W.  Her-  as  the  other  planets  do,  but  the  period  of  its 

scbel  named  his  newly-disooverad  planet  Geor^  rotation  is  as  yet  unknown.    Its  great  dis« 

gium  SiduSf  in  honour  of  bis  patron  George  tanoe  firom  the  earth  prevents  us  ftom  observ- 

ue  Third.    Bat  foreign  astronomers,  for  a  ing  any  spots  or  changes  on  its  surface  by 

oonaiderable  time,  gave  it  the  name  of  jHb^  which  its  rotation  might  be  determined.    La 

•c&«/,  in  honour  of  the  discoverer ;  but  after-  Place  concludes,  from  physical  consideratioiil, 

wards  hesitated  between  the  names  Cybele,  that  it  revolves  about  an  axis  very  little  in- 

Neptune,  and  Uranus,    This  last  name,  de-  clined  to  the  ecliptic ;  and  that  the  time  of  its 

rived  from  one  of  the  Nine  Muses  who  pre-  diurnal  rotation  cannot  be  much  less  than 

■ded  over  astronomy,  ultimately  prevailed,  that  of  Jupiter  or  Satam. 

and  will  probably  distinguish  thu  planet  in  Magniiade  a7id  Dimensions  of  Uranus.^ 

fbture  generations,  unless  the  present  nomen-  This  planet  is  about  85,000  miles  in  diameter, 

datore  of  the  planets  be  abolished.  and  110,000   miles  in  circumference,  being 

Distance  and  Period  of  Uranus. — Uranus  about  eighty-one  times  larger  than  the  earth, 

ia  the  most  distant  planet  of  the  .solar  system,  and  four  thousand  times  larger  than  the  moon. 

so  ^  as  our  knowledge  yet  extends ;  although  Its  surface  contains  3,848,460,000  of  square 

it  is  by  no  means  improbable  that  planets  may  miles,  which  is  nineteen  times  the  area  of  our 

exist  even  beyond  its  orbit,  distant  as  it  is ;  globe,  and  seventy-eight  tiroes  the  area  of  all 

for  eomets  pass  fiir  beyond  the  limits  of  this  the  habitable  portions  of  the  earth.    At  the 

I^anct,  and  again  return  .to  the  vicinity  of  the  rate  of  population  formerly  stated,  280  to  a 

son.    Its  distance  fi-om  the  sun,  in   round  square  mile,  it  could,  therefore,  accommodate 

nombers,  is  1,800,000,000;  that  is,  eighteen  1,077,568,800,000,  or  more  than  one  billion 

hundred  millions  of  miles,  which  is  double  of  inhabitants,  which  is  one  thousand  three 

Ae  distance  of  the  planet  Saturn.    When  hundred  and  forty-seven  times  the  population 

nearest  the  earth,  it  is  distant  from  us  about  of  our  globe.    80  that  this  planet,  which 

1,705,000,000  of  miles.    In  order  to  acquire  escaped  the  notice  of  astronomers  for  more 

a  mde  conception  of  this  distance,  let  us  sup-  than  five  thousand  years,  forms  a  very  consi- 

poae  a  steam-carriage  to  set  out  firom  the  derable  portion  of  the  solar  system  and  of  the 

earth,  and  to  move,  without   intermission,  scene  of  the  Divine  government 

twenty  miles  every  hour,  it  would  require  Proportion  of  Light  on  Uranus^ — As  this 

more  than  nine  thousand,  seven  hundred  and  planet  is  nineteen  times  fiirther  firom  the  sun 

thirty  yeara  before  it  could  reach  the  planet  than  the  earth  is,  and  as  the  square  of  19  is 

Uranus;  so  that,  although  the  journey  had  861,  the  intensity  of  light  on  its  surface  will 

been  commenced  at  the  creation  of  our  globe,  be  three  hundred  and  sixty  times  less  than 

H  would  still  require  more  than  three  tibousand  what  we  enjoy.    Tet  this  quantity  of  light  is 

seven  hundred  years  to  arrive  at  its  termina-  equal  to  what  we  should  have  from  the  com- 

tion.    Even  a  cannon  ball,  flying  at  the  rate  bined  eflulgeuce  of  three  hundred  and  forty- 

of  twelve  thousand  miles  every  day,  would  eight  fiill  moons ;  and,  with  a  slight  modifica- 

lequire  three  hundred  and  eighty-nine  yearn  tion  of  our  visual  organs,  such  a  proportion 

to  reach  the  nearest  point  of  the  orbit  of  this  of  E^ht  would  be  quite  sufficient  for  all  the 

planet    Yet  the  comet  which  appeared  in  purposes  of  vision.    Though  the  light  of  the 

1835,  in  all  probability,  pursues  its  course  far  son  flies  eighteen  hundred  millions  of  miles 

beyond  the  orbit  of  Uranus,  and  will,  doubt-  before  it  reaches  this  planet,  and  returns  again 

visit  tfaia  part  of  our  system^gain,  as  it  by  reflection  nearly  tiie  same  distance  before 

done  before,  within  the  space  of  seventy-  it  reaches  the  earth,  yet  it  is  distinctly  risible 

years,  although  it  must  move  more  than  through  our  telescopes,  and  someUmes  even  to 

(4») 
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(lie  naked  ejo ;  and  VnuiOB,  with  a  moderate  brilliaiicf .    Hence  we  find  that  the  ligbt  of 

magni^ing:  pgner,  a/ipeari  about  ai  brigbt  aa  Uranus,  Plough  deacendiiig  apon  oa  iron)  a 

Satum.   How  amaU  a  quanlit;  of  ioIbi  light  lepon  900  milliDiii  of  milea  liinber  ttun  Sa 

ma;  suffice  for  the  purpose  of  vision  wiii  be  turn,  appeaia  as  vivid  as  tbe  light  ntiich  i* 

obvioui  by  attending  to  the  following  ciicum-  leSected  to  u>  from  Ibat planet  Tbeapparent 

stunca;  In  the  late  wW  eclipse  wbich  hap-  diameter  of  die  nin.aa  seen  fnnn  Uranoi.  u 

pened  on  the  ]Gth  of  Ma;,  ISSS,  little  moie  onl;  ]  minate,  38  eeconda  ;  nhereai  his  mean 

than  (be  one  twelfth  pert  of  tbe  sun  was  visi-  apparent  diameter  as  seen  fiom  tbe  earth  ia  32 

ble  at  those  places  where  the  eclipse  was  an-  minutes.  3  seconds;  canscquentl;  this  orb.  bb 

nular.     Almost  evei;  pereon  imagincil  thai  a  viewed  liom  this  planet,  will  appear  very  little 

dismal  ^oom  and  darkness  would  ensue,  yet  larger  than  Veousappean  tousinhergrenli'^t 

tbe  diminution  of  light  appeared  no  greater  bri]liancy,or  Jupiterwhen  near  hiiopposition. 

than  what  frequently  happens  in  a  cloudy  The  following  figure  rcpresenla  to  tbe  eye  tbe 

day.     At^e  time  of  the  grealeat  obscuratiQn  apparent  size  of  the  sun  as  seen  from  Lianus 

there  was  more  than  half  the  light  which  tails  aiid  ftom  the  earth,  tbe  small  circle  repreaent' 

upon  Dranua,  and  all  the  objects  of  the  but-  ing  his  aize  as  seen  from  UrBooa. 

rounding  landscape,  though  sorrtenhat  defi-  pig.  gs. 
dent  in  brilliancy,  were  distinctly  perceived* 
Tbere  can  be  no  doutit  that  the  organs  of 
vision  of  the  inhabitanta  of  the  diflerent  planets, 
being  formed  b;  Divine  wisdom,  are  exactly 
adapted  to  the  objects  amid  which  they  are 
placed,  and  the  quantity  of  ligbt  reSected  from 
them ;  and  there  may  be  irmumeralile  modea, 
unlmown  to  us,  by  which  this  end  may  be 
eflected.  We  can  easily  conceive,  that  if  the 
pupils  of  our  eyes  were  rendered  capable  of 
a  greater  degree  of  expansion  than  they  now 
possess,  or  were  the  retina,  on  wbii^  tha 
images  of  objects  are  depicted,  endowed  with 
a  greater  degree  of  nervous  senribility.  so  as 

to  he  more  easily  afiicted  by  the  impulses  of  Temptrotun  of  frontu^If  heat  foUovred 

light,  we  might  perceive  as  much  splendour  on  ^'  "™  '»"  "  ^''  P™P»g<"Ji>ii  of  light,  and 

all  tbe  objecto  connected  with  Uranus,  vrere  decreased  as  the  square  of  the  distance  of  tbe 

we  placed  on  that  planet,  as  we  now  do  on  P'""*  *"""  «"«  »""  increased,  then  the  sur- 

the  scenery  around  us  daring  the   brightest  '''"»  "^  ^^  P'""*'  Unu""  wouU  be  a  rold 

daya  of  summer.     When  wo  pan  from  the  "^P""  indeed,  in  which  no  life  or  animatioD. 

ligbt  of  the  sun  into  a  darksome  apartment,  "ueh  as  we  see  aronnd  UB,conldeiiBL    Baron 

on  our  6rsl  entrance  wo  can   scarcely  dis-  founer,  in  his  "  Memoir  of  Herschel,"  aajs, 

tinguish   any  objects  vrith   distinctness ;  but  "  ■*  temperature  ia  more  than  forty  degrees 

after  remaining  five  or  sii  minutes,  till  the  '^'""  '''^'  ™  '™ '     =""*   ^  '^°   degrees    of 

pujril  has  time  to  eipand,  every  object  artiund  R«»u™ui-'8  thermometer  be  meant,  this  tern- 

us  is  readily  perceived;  and.  from  the  same  V^tatare  wdl  correspond  U,  one  hundred  and 

cause,  nocturnal   animals  con  pursue   their  twenty-two  degrees  below  the  freezing  point 

course   with    ease   and    ctrtaiity   amid    the  "''  Ffthrenbal;  ■  cold  enough  region,  truly, 

deepest  shades  of  night;  so  that  ths  inhabit-  I"  accordance  wilh  such  representations,  the 

ants  of  the  most  distent  planet  of  our  system,  P^"  °'  '"«  '»«  century  eipatiated   on    the 

althoDgfa  it  were   wmoved   from  ^lo  sun  to  '»'''  temperature  of  Saturn  in  each  strains  as 

double  the  di«ance  of  Uranus,  might  perceive  "i"  following : 

objects  with  .all  the  distinctness  requisite  for  „,,„.     .t   ^          „,._..,.   ....  ,  _  .. 

,.■'_,..             ,  .-,1^       .,      r  "  When  the  k*en  north  wltli  all  Its  tiitT  Howi. 

the  purposes  of  viBian;and  if  the  pupils  of  Conf«»lsitie  flooiti.anilforini  ihsflesey  mows, 

aive  than  ours  (as  is  probably  the  case.)  it  J^"""  ""■/  P"*"  """  "f  "■  '™'''l°»  "">*■ 

■    i."  Li           L  LI     ^1.           -.1    1.           LI  I    .  whn  there  inbabii  mnsi  hive  oitierpofffirt, 

IS  highly  probable   tbey  will   be  enabled   to  J'litea.anil  vElna.and  senM.snd  llf^.ihan  oon. 

penetrate    much    jiirther    bito   tbe    celeslial  Une  Diainenl'scoiil,IJkslheln,wauldplnce  Iba 

j^n»  «rf   to  p,™,,  11.  .IJKttfc  lb.  ^„^,f;  ,„„.,  „^  „j  „„  „  .1,  „ 

firmament  With  much  greater  diBtinctoess  and  •ion*."                      B»ia's  finvm. 
"  apsce^neliating  power"  than  we  can  do, 

even  with  tha  aid  of  instruments.    It  is  like-  This,  it  must  be  admitted,  is  a  eery  cold 

wise  probsible  that  the  objecta  on  the  surface  poetic  straiii,  almost  snflicieDt  to  mMe  otM 

4^  tlie  more  distant  planets  of  our  system  are  shiver,  and  to  freese  our  very  thougfats;  and 

fitted  to  reject  tha  rays  of  light  wi^  peculiar  if  such  a  deaoriptiMi  were  applicable  to  8*> 
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toro,  it  IB  much  more  w>  to  the  planet  Uranus,  immoral  conduct    For  in  no  region  of  tlio 

St  double  the  distance.     But  I  presume  it  is  universe,  whatever  may  be  its  physical  ar* 

more  in  accordance  Tvith  poetic  license  than  rangements,  can  true  happiness  be  enjoyed, 

with  the  deductions  of  sound   philosophy,  unless  love  to  God  and  love  to  all  surrounding 

We  have  no  vahd  reason  to  conclude  that  the  intelligences  form  the  grand    principles  of 

degree  of  heat  on  the  surfaces  of  the  diHerent  action,  and  be  uniformly  displayed  in  every 

planets  is  inversely  proportional  to  the  squares  intercourse  and  association,  and  amid  all  the 

of  their  respective  distances  fix)m  the  sun.  ramifications  of  moral  conduct    On  this  basis 

The  sun  is  to  be  considered  chieBy  as  the  chiefly  rests  the  happirfess  of  the  iateiligent 

great  storehouse  of  Ught,  and  it  may  likewise  universe ;  and,  wherever  principles  directly 

be  viewed  as  the  great  agent  in  the  production  opposite  to  these  prevail  among  any  order  of 

of  heat,  without  supposing  it  to  be  an  enor-  intellectual  beings,  whatever  may  be  the  struc- 

moos  mass  of  fire,  wluch  the  common  opinion  ture  or  scenery  of  their  habitation,  miseiy  and 

eeems  to  take  for  granted.    Its  rays  produce  moral  disorder  must  be  the  inevitable  conse- 

heat  chiefly  by  exdting  an  insensible  action  quence. 

between  ealorie  and  the  particles  of  matter  The  following  additional  particulars  may  be 

contained  in  bodies ;  and  caloric  appears  to  be  stated  in  relation  to  this  planet:  Its  density 

ft  sobstance  universally  difiiised  throughout  is  reckoned  to  be  nearly  equal  to  that  of  water, 

nature.     If  the  degree  of  heat  were  in  pro-  A  body  weighing  one  pound  on  the  earth's 

portion  to  the  distance  from  the  sun,  why  sur&ce  would  weigh  only  fourteen  ounces, 

should  the  upper  regions  of  the  atmosphere  fourteen  drachms,  if  removed  to  Uranus.   The 

he  so  intensely  cold?  Why  should  the  tops  eceen/riaV^of  its  orbit  is  85,000,000  of  mil^s, 

of  lofly  mountains  be  crowned  vnth  perpetual  which  is  about  the  1-42  par^of  its  diameter, 

snows,  while  the  plains  below  are  scorched  Its  mean  apparent  diameter,  as  seen  from  the 

with  heat?  Why  should  an  intense  cold  be  earth,  is  about  four  seconds.    The  inclination 

fielt  in  the  latitude  of  40°,  when  a  comparative  of  its  orbit  to  the  ecliptic  is  forty-six  minutes, 

mildness  is  experienced  in  the  latitude  of  56^1  twenty-six  seconds,  so  that  it  is  never  much 

In  the  state  of  Connecticut,  North  America,  more  than  three-fourths  of  a  degree  from  the 

in  January,  1885,  the  thermometer  ranged  ecliptic    This  inclination  is  less  than  that  of 

from  ndnus  26°  to  27°  of  FahrenJ|eit;  while  any  of  the  other  planetary  orbits.    Six  satel- 

in  Scotland,  during  the  same  period,  it  was  lites  ire  supposed  to  be  connected  with  Uranus, 

seldom  so  low  as  the  freeiing  point.    But  as  but  their  periods  and  other  phenomena  have 

I  have  already  thrown  out  some  remarks  on  not  yet  been  accurately  ascertained, 
this  subject  when  describing  the  planet  Mer- 

cuiy,  I  need  not  enlarge  (see  page  34.)     In  — ^— 
order  to  form  correct  ideas  of  tiie  distribution 

of  heat  among  the  planetary  bodies,  we  have  In  the  preceding  pages  I  have  given  a  brief 
only  to  suppose  that  the  Creator  has  propor-  sketch  of  the  principal  phenomena  connected 
tioned  the  quantity  of  caloric  (or  that  which  with  the  primary  planete  of  our  system. 
produces  sensible  heat)  to  the  distance  at  Whether  any  other  planets  besides  those 
which  every  planet  is  placed  from  the  sun,  so  specified  belong  to  this  system  is  at  present 
that  a  large  quantity  exbts  in  Saturn  and  a  imknown.  We  have  no.  reason  to  believe 
smaller  quantity  in  Mercury.  If,  therefore,  that  the  boundaries  of  the  planetary  system 
the  quantity  of  caloric  connected  with  Uranus  are  circumscribed  within  the  range  of  our  dis- 
be  in  proportion  to  its  distance  from  the  sun,  coveries  or  the  limits  of  our  vision.  Within 
theie  may  be  as  much  warmth  experienced  in  the  space  of  little  more  than  half  a  centuiy, 
that  distant  region  of  the  solar  system  as  in  the  limite  of  this  system  have  been  expanded 
the  mildest  parts  of  our  temperate  zones.  So  to  our  view  to  double  the  extent  which  they 
that  we  are  under  no  necessity  of  associating  were  formerly  supposed  to  comprehend.  In* 
the  frigid  and  gloomy  ideas  of  the  poet  with  stead  of  an  area  of  only  25,400,000,000  of 
our  contemplations  of  this  expansive  globe,  square  miles,  it  is  now  found  to  comprise^  an 
At  all  events,  we  may  rest  assured  that  the  extent  of  101,700,000,000  of  square  miles. 
Creator,  whose  wisdom  is  infinite  in  its  re-  which  is  four  times  the  dimensions  formerly 
sources,  and  whose  "  tender  mercies  are  over  assigned  to  it  There  would  be  no  impro- 
all  his  works,"  has  adapted  the  structure  and  bability  m  conceiving  it  extended  to,  at  least 
constitution  of  the  inhabitante  of  every  planet  triple  these  dimensions.  Within  the  space 
to  the  nature  and  circumstances  of  the  habita-  of  twenty-six  years,  from  1781  to  1807,  no 
lion  provided  for  them,  so  as  to  render  every  fewer  than  five  primary  planets  and  eight 
portion  of  his  dominions  a  comfortable  abode  secondaries  were  discovered,  besides  a  fiMr 
fiv  his  intelligent  of&pring;  provided  they  do  greater  number  of  cometo  than  had  ever  be- 
not  frustrate  his  benevolent  designs  (as  has  fore  been  detected  within  a  similar  lapse  of 
bfca  done  in  OUT  world)  by  their  rebellion  and  yean;  and  therefore  it  would  be  obviously 
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rash  and  premature  to  conclade  that  we  have  been  observed  to  move  9af)aB  the  suii'e  didk 
now  discovered  all  the  moving  bodies  of  our  in  the  space  of  five  or  six  hours,  when  no 
system.  Far  beyond  the  limits  of  even  Uranus  other  spots  were  visible.  An  opaque  body  of 
other  planets  yet  unknown  may  be  performing  thb  description  was  seen  by  Mr.  LLoft  and 
theb  more  ample  circuits  around  the  sun ;  for  others  on  the  6th  of  January,  1818,  which 
we  know,  from  the  case  of  comets,  that  Bven  moved  with  greater  rapidity  across  the  solar 
throughout  those  distant  regions  his  attractive  disk  than  Venus  in  her  transit  in  1769.  It  is 
power  and  influence  extend.  In  the  immense  possible  that  a  planet  within  the  orbit  of 
interval  of  900,000,000  of  miles  between  the  Mercury  might  be  detected  in  the  daytime, 
orbits  of  Saturn  and  Uranus,  one,  if  not  two  were  poweriiil  telescopes  applied  to  a  space 
planets  may  possibly  exist,  though'  they  have  of  the  heavens  about  ten  or  twelve  degrees 
hitherto  eluded  the  observation  of  astronomers,  around  the  sun.  Small  stars  have  been  seen 
In  order  to  detect  such  bodies,  if  any  exist,  it  even  at  noonday  with  powerful  instruments, 
would  be  requisite  to  survey,  more  minutely  and,  consequently,  a  planet  even  smaller  than 
than  has  yet  been  done,  a  zone  of  the  heavens  Mercuiy  might  be  perceived  in  the  daytime, 
extending  at  least  twenty  degrees  on  each  In  this  case,  a  round  opaque  body  would  re- 
side of  the  ecliptic,  marking  exactly  the  quire  to  be  placed  at  a  considerable  distance 
minutest  objects  in  every  part  of  it  which  the  from  the  observer,  so  as  con!q)letely  to  inter- 
most  powerful  telescopes  can  enable  ua  to  cept  the  body  of  the  sun,  and  about  a  degree 
desciy.  Afler  which  a  second  survey  should  of  the  heavens  all  around  him;  and  every 
be  made  to  ascertain  if  any  of  the  bodies  portion  of  the  surrounding  apace,  extending 
formerly  observed  be  found  amissing  or  have  to  at  least  twelve  degrees  in  every  direction, 
shifted  their  position.  It  might  likewise  be  should  then  be  carefully  and  frequently  cx- 
expedient  to  compare  with  new  observations  aroined.  Such  observations,  if  persevered  in, 
tlie  stars  marked  in  all  the  celestial  atlases  would  undoubtedly  afford  a  chance  of  detect- 
that  have  hitherto  been  published,  and  to  note  ing  any  revolving  body  that  might  exist  within 
particularly  those  which  are  wanting  where  such  a  limit  But  I  may  aflerward  have  an 
they  were  formerly  marked,  and  those  that  opportunity  of  describing  more  particularly 
have  appeared  in  certain  places  where  they  the  observations,  and  the  mode  of  conducting 
were  formerly  unobserved.  If  a  taste  for  them,  to  which  I  allude, 
celestial  investigations  were  more  common  * 
among  mankind,  and  were  the  number  of 

observers  indefinitely  increased,  there  would  Having  taken  a  cursoiy  survey  of  the  most 
be  no  great  difficulty  in  accomplishing  such  prominent  particulars  connected  with  the 
an  object;  for  certain  small  portions  of  the  primary  planets,  I  shall  now  proceed  to  a 
heavens  might  be  allotted  to  different  classes  of  brief  descripti(Hi  of  the  aun,  that  magnificent 
observers,  who  might  proceed  simultaneously  luminary  on  which  they  all  depend,  from 
in  their  researches,  and  in  a  comparatively  which  thfy  derive  light,  and  heat,  and  vivify- 
short  period  the  whole  survey  might  be  com-  ing  influence,  and  by  ^ose  attractive  energy 
pleted.  they  are  directed  in  their  motions  and  retained 
It  is  not  improbable  that  a  planet  may  exist  in  their  orbits.  Before  proceeding  to  a  de- 
within  the  space  of  37  millions  of  miles  which  scription  of  the  particular  phenomena  con- 
intervenes  between  the  orbit  of  Mercury  and  nected  with  the  sun,  it  may  be  expedient 
the  sun.  But  such  a  body  could  never  be  briefly  to  describe  some  of  his  txppartnt  mo- 
detected  in  the  evening  after  sunset,  as  its  tions. 

greatest  elongation  from  the  sun  could  not  Apparent  MoHona  of  the  Sun,— "The  mo^ 

be  supposed  to  be  more  than  ten  or  twelve  obvious  apparent  motion  of  the  sun,  which  ii 

degrees,  and,  consequently,  it  would  descend  known  to  every  one,  is,  that  he  appears  t< 

below  the  horizon  in  about  half  an  hour  after  rise  in  the  morning  in  an  easteriy  direction 

sunset,  and  before  twilight  had  disappeared,  to  traverse  a  certain  portion  of  the  sky,  an4 

The  only  chance  of  detecting  such  a  planet  then  to  disappear  in  the  evening  in  a  direction 

would  be'  when  it  happened  to  transit  the  towards  the  west    Wdre  we  to  commencf 

sun's  disk ;  but  as  this  would  happen  only  at  our  observations  on  the  31st  of  December,  in 

distant  intervals,  and  as  it  might  make  the  the  latitude  of  52^  north,  which  nearly  corre- 

transit  in  cloudy  weather,  or  when  the  sun  is  sponds  to  that  of  London,  we  should  see  the 

absent  from  our  hemisphere,  there  is  littie  sun  rismg  near  the  southeast  point  of  the 

prospect  of  our  discovering  such  a  body  in  horizon,  as  at  <9  J?,  Fig.  67,  describing  a  com- 

this  way.    It  might  be  of  some  importance,  paratively  small  curve  above  ihe  horizon,  from 

however,  that  those  who  make  frequent  ob-  <8^  JE7  to  iS"  W,  in  the  southern  quarter  of  the 

servations  on  the  sun  should  direct  their  atten-  heavens,  and  setting  at  «$  W,  near  the  south- 

tion  to  this  circumstance ;  as  there  have  been  west    At  this  season  the  sun  remains  only 

•ome  instances  in  which  dark  bodies  have  between  seven  and  eight  hours  above  the 
(438) 
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Inrizon ;  ami  when  he  airiTes  at  S,  at  midday, 
which  IB  the  highest  point  of  his  elevation,  he 
U  only  about  fourteen  degrees  above  the  hori- 

Fig.  67. 
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ion,  whicn  may  be  represented  by  the  line  S 
B,  After  disappearing  in  our  bodioD  in  the 
evening,  he  describes  the  large  cnrve  from  fi^ 
Wto  1^  Ny  and  J&,  till  he  again  arrives  in 
the  morning  near  the  point  8  E,  All  this 
carve  is  described  below  oar  horizon,  and, 
therefore,  the  nights  at  this  season  are  mach 
longer  than  the  days.  After  this  period  the 
son  rises  every  day  at  points  a  little  ftirther  to 
the  north,  between  S  E  and  E,  and  sets  in 
corresponding  points  in  the  west,  between  8 
Wand  TT,  till  the  21st  of  March,  when  he 
rises  at  the  point  E^  due  east,  and  sets  due 
west  at  the  point  W,  At  this  time  he  moves 
through  the  semicircle  E^  8,  W^  and  at  noon 
he  rises  to  the  elevation  of  thirty-eight  degrees 
above  the  southern  horizon,  which  may  be 
represented  by  the  line  8  C,  This  is  the 
period  oC  the  vernal  equinox,  when  there  is 
equal  day  and  nig^t  throughout  every  part 
of  the  earth,  the  sun  being  twelve  houn  above 
and  twelve  hours  below  the  horizon.  After 
this  period  the  sun  rises  to  the  north  of  the 
easterly  point,  and  sets  to  the  north  of  the 
westeriy,  and  the  length  of  the  day  rapidly 
advances  till  the  21st  of  June,  when  he  rises 
near  the  north-east  point,  N  E,  and  sets  near 
the  north-west  point,  N  W,  describing  the 
larue  curve  from  NE  ta  E  8  W,  vad  N  Wl 
This  period  of  the  year  is  called  the  summer 
solsiice,  when  the  days  are  longest,  at  which 
lime  the  sun  rises  at  noon  to  an  elevation  of 
61 J  degrees  above  the  horizon,  which  may  be 
represented  by  the  line  8  i>,  and  he  continues 
above  the  horizon  for  neariy  seventeen  hours. 
The  length  of  the  nights  at  this  tune  is  exactly 
the  same  as  the  length  of  the  days  on  the  21st 
of  December.  The  sun's  nocturnal  arch,  or 
Ihe  curve  he  describes  below  the  horizon,  is 


that  which  Lb  represented  in  the  lower  part 
of  the  figure  from  N  W  to  N  E,  In  more 
southern  latitudes  than  fifty-two  degrees,  the 
sun  rises  to  a  higher  elevation  at  noon ;  and 
in  higher  latitudes  his  meridian  altitude  is 
less  than  what  is  stated  above.  From  the 
time  of  the  summer  solstice  the  days  gradually 
shorten;  the  sun  rises  in  a  more  southerly 
direction  till  the  23d  of  September,  which  is 
called  the  autumnal  equinox^  when  he  again 
rises  in  the  eastern  point  of  the  compass,  and 
every  succeeding  day  at  a  point  still  farther  to 
the  south,  till,  on  the  2l8t  of  December,  or  th« 
winter  solstice,  he  is  again  seen  to  rise  near 
the  south-east,  and  afterward  to  pass  through 
all  the  apparent  variations  of  motion  above 
described. 

Were  we  residing  in  southern  latitudes, 
such  as  those  of  Buenos  Ayres,  the  Cape  of 
Good  Hope,  or  Van  Diemen's  Land,  the  ap- 
parent motions  of  the  f>un  would  be  somewhat 
different  Instead  of  beholding  the  sun 
moving  along  the  southern  part  of  the  sky 
from  the  left  hand  to  the  right,  we  sliould  see 
him  direct  his  course  along  the  northern  part 
of  the  heavens  from  the  right  band  to  the 
left.  In  other  respects  his  apparent  motions 
would  nearly  correspond  to  those  above  de- 
scribed. M^ere  we  placed  in  countries  under 
the  equator  at  the  time  of  the  equinoxes,  the 
sun  at  midday  would  shine  directly  from  the 
zenith,  at  which  time  objects  would  have  no 
shadows.  At  all  other  times  the  son  is  either 
in  the  northern  or  the  southern  quarter  of  the 
heavens.  During  the  one  half  of  the  year  he 
shines  from  the  north,  and  the  shadows  of 
objects  fall  to  the  south;  during  the  other 
half  he  shines  from  the  south,  and  the  shadows 
of  all  objects  are  projected  towards  the  north. 
This  is  a  circumstance  which  can  never 
occur  in  our  climate  or  in  any  part  of  the 
temperate  zones.  At  the  equator,  too,  the 
days  and  nights  are  of  the  same  length,  twelve 
hours  each,  throughout  the  whole  year.  Were 
we  placed  at  the  poles,  the  motion  of  the  sun 
would  present  a  different  aspect  from  any  of 
diose  we  have  described.  At  the  north  pole, 
on  the  21st  of  March,  we  should  see  a  por- 
tion of  the  sun's  disk  appear  in  the  horizon 
after  a  long  night  of  six  months.  This  por- 
tion of  the  sun  would  appear  to  move  quite 
round  the  horizon  every  twenty-four  hours ; 
it  would  gradually  rise  higher  aiid  higher  till 
the  whole  body  of  the  sun  made  its  appear* 
ance.  As  the  season  advanced,  the  sun  would 
^appear  to  rise  higher  and  higher  till  he  attained 
the  altitude  of  23 1  degrees  above  the  horizon, 
which  would  take  place  on  the  21st  of  June; 
after  which  his  altitude  would  gradually  de- 
cline till  the  23d  of  September,  when  he 
would  again  appear  in  the  horizon.  During 
the  whole  of  this  period  of  six  months  there 
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u  perpetual  day,  Jie  stars  are  never  seen,  and  Distance  and  Magnitude  of  the  Sun^^To 

the  sun  appears  to  go  quite  round  the  heavens  find  the  exact  distance  of  the  son  from  the 

every  twenty-four  hours 'without  setting,  in  earth  is  an  object  which  has  much  interested 

circles  nearly  parallel  to  the  horizon.    After  and  engaged  astronomers  for  a  century  past, 

the  23d  of  September  the  sun  disappears,  and  The  angle  of  parallax  being  so  small  as  about 

a  night  of  six  months  succeeds,  which  is  oc-  eight  and  a  half  seconds,  rendered  it  for  some 

caaionally  enlivened  by  the  moon,  the  stars,  time  difficult  to  arrive  at  an  accurate  determine* 

and  the  corruscations  of  the  aurora  borealiSf  tion  on  this  point,  till  the  transits  of  Venus  in 

during  which  period  the  south  pole  enjoys  1761    and    1769.      From    the    calculations 

all   the  splendour  of  an  uninterrupted  day.  founded  upon  the  observations  made  on  these 

In  all  places  within  the  polar  circles,  the  length  transits,  it  has  been  deduced  that  the  distance 

of  the  longest  day  varies  from  twenty^four  of  the  sun  is  about  95,000,000  of  miles.    This 

hours  to  six  months.    In  the  northern  parts  distance  is  considered  by  La  Place  and  other 

of  Lapland,  for  example,  the  longest  day  is  astronomers  to  be  within  the  1-87  part  of  the 

about  six  weeks ;  during  this  time  the  sun  true  distance,  so  that  it  cannot  be  much  below 

appears  to  move  round  the  heavens  without  94  millions  on  the  one  hand,  nor  much  above 

setting ;  but  at  noon,  when  he  comes  to  the  96  millions  on  the  other.    Small  as  this  inters 

meridian,  he  is  about  40  degrees  above  the  val  may  appear  when  compared  vrith  the  vast 

southern  horizon,  and  twelve  hours  afterward  distances  of  some  of  the  other  celestial  bodies^ 

he  appears  elevated  about  six  degrees  above  the  it  is,  in  reality,  a  most  amazing  distance  when 

northern  horizon,  from  which  point  he  again  compared  with  the  spaces  which  intervene  be- 

ascends  till  he  arrives  at  the  southern  meridian,  tween  ierrestial  objects ;  a  distance  which  the 

Such  are  the  apparent  diurnal  moMoDs  and  mind  cannot  appreciate  without  a  laborious 

general  aspects  of  the  sun  in  different  parts  eflbrt    It  is  thirty-one  thousand  six  hundred 

of  the  earth,  which  are  owing  partly  to  the  times  the  space    which  intervenes  between 

inclination  of  the  axis  of  the  earth  to  the  plane  Britain  and  America ;  and  were  a  carriage  to 

of  the  ecliptic,  and  partly  to  the  different  po-  move  along  this  apace  at  the  rate   of  480 

sitions  in  which  a  spectator  is  placed  in  dif-  miles  every  day,  it  would  require  542  years 

ferent  zones  of  the    globe.      It   is    almost  before  the  journey  could  be  accomplished, 

needless  to  remark,  that  these  motions  of  the  The  magnitude  of  this  vast  Inminary  is  an 

sun  are  not  real,  but  only  apparent.    While  object  which  overpowers  the  imagination.    Its 

presenting  all  these  varieties  of  motion,  he  is  diameter  is  880,000  miles ;  its  circumference, 

still  a  quiescent  body  in  the  centre  of  the  pla-  2,764,600  miles ;  its  sur&oe  contains  2,432, 

netary  system.    By  the  rotation  of  the  earth  800,000,000  of  square  miles,  which  is  twelve 

round  its  axis,  from  west  to  east,  every  twenty-  thousand  three  hundred  and  fifty-times  the 

four  hours,  all  these  apparent  motions  of  the  area  of  the  terraqueous  globe,  and  neariy  fifty 

sun  are  produced.    This  we  have  already  en-  thousand  times  the  extent  of  all  the  habitahie 

deavoured  to  prove  in  chap,  i  p.  17-19.  parts  of  the  earth.    Its  solid  contents  com- 

Besides  the  apparent  diurnal  motion  now  prebend  356,818,739,200,000,000,*  or  more 
described,  there  is  another  apparent  motion  than  three  hundred  and  fifty-eix  thousand 
of  the  sun  in  a  contrary  direction,  which  is  billions  of  cubical  miles.  Were  its  centre 
not  so  much  observed,  and  that  is,  his  appa-  placed  over  the  earth,  it  would  fill  |^e  Tdioie 
rent  motion  from  west  to  east  through  the  orbit  of  the  moon,  and  reach  200,000  milea 
-whole  circle  of  the  heavens,  which  he  accom-  beyond  it  on  every  hand.  Were  a  person  to 
plishes  in  the  course  of  a  year.  This  motion  travel  along  the  surface  of  the  sun,  so  as  to 
manifests  itself  by  the  appearance  of  the  pass  along  every  square  mile  on  its  surface, 
heavens  during  the  night  The  stars  which  at  the  rate  of  thirty  miles  every  day,  it  would 
lie  near  the  path  of  the  sun,  and  which  set  a  require  more  than  two  hundred  and  twenty 
little  time  afier  him,  are  soon  lost  in  his  light,  millions  of  years  before  the  survey  of  thu 
and  after  a  short  time  reappear  in  the  east  a  vast  globe  could  be  completed.  It  would  con- 
little  before  his  rising.  This  proves  that  the  tain  within  its  circumference  more  than 
sun  advances  towards  them  in  a  direction  con-  thirteen  hundred  thousand  globes  as  large  as 
trary  to  his  diurnal  motion ;  and  hence  we  bo-  the  earth,  and  a  ••thousand  globes  of  the  size 
hold  a  different  set  of  stars  in  our  nocturnal  of  Jupiter,  which  lb  the  largest  planet  of  the 
sky  in  summer  and  in  winter.  This  apparent  system.  It  is  more  than  five  hundred  times 
revolution  of  the  sun  is  produced  by  the  larger  than  all  the  planets,  satellites,  and  comets 
annual  motion  of  the  earth  round  the  sun,  belonging  to  our  system,  vast  and  extenaive 
of  which  I  have  already  given  an  explana-  as  some  of  them  are.  Although  its  density  is 
tion  (chap.  L  p.  19,)  along  with  certain  de-  *  In  some  ediiioim  of  the  **  Chriatian  Pbiioso- 
monstrative  proofs  that  the  sun  is  the  centre  Pber,'*  under  the  article  ^ttronomj/,  this  number  is 
Af  thA  nlntiotaFv  i»a»«««i   f^^  m\^  ^\>^vy  ;i  «  inaccurately  iU ted;  and  the  number  which  folio wn, 

?fl^  r       ^^  ^^"*  ^^  "^  ^'^P'  "•  P*  '*«  thousafii  mUlioKS,  should  be  t««  hnndrtd  mU* 
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fittle  toon  tiian  that  of  water,  it  wouM  weigh  cent ;  for  the  sun  which  enlightens  our  day  ii 
3360  pbiiets  such  as  Saturn,  1067  planets  hut  one  out  of  countless  nulUons  of  similar 
Boch  as  Jupiter,  329,000  globes  such  as  the  glob^  dispersed  throughout  creation,  some  of 
eaith,  and  more  than  two  millions  of  g^lobes  which  may  far  excel  it  in  magnitude  and  glory, 
such  as  Mercury,  although  its  density  is  nearly  Rotation    of  the   Sun, — ^This    luminary, 
equal  to  that  of  lead.    Were  we  to  conceive  although  it  is  placed  in  the  centre  of  the  sys- 
of  its  surfiice  being  peopled  with  inhabitants  tern,  in  the  enjoyment  of  perpetual  day,  and 
at  the  rate  formerly  stated,  it  would  contain  stands  in  no  need  of  light  from  any  other  orb, 
681,184,000,000,000,  or  more  than  six  hun-  yet  is  found  to  have  a  rotation  round  its  axis, 
died  and  eighty  billions,  which  would  be  equal  This  circumstance  seems  to  indicate  that  mo- 
to  the  inhabitants  of  dght  hundred  and  fifty  tion  is  essential  to    all  the  bodies  of  the 
thmuand  worlds  such  as  ours.  universe,  whether  revolving  in  orbits  around 
Of  a  globe  so  vast  in  its  dimensions,  the  another  body,  or  acting  as  the  centres  of  light 
human  mind,  with  all  its  efforts,  can  form  no  and  attractive  influence.    And  from  what  we 
adequate  conception.    If  it  is  impossible  for  know   of  the   more  distant   bodies   in  the 
Che  mind  to  take  in  the  whole  range  of  the  heavens,  we  have  reason  to  believe  that  there 
terraqueous  ^be,  and  to  form  a  comprehen-  is  none  of  them  in  a  state  of  absolute  qui- 
sive  idea  of  its  amplitude  and  its  innumerable  eseence,  but  that  they  are  all  in  incessant  mo- 
objects,  how  can  we  ever  form  a  conception,  tion,  either  round  their  axes  or  around  a 
approaching  to  the  reality,  of  a  body  one  mil-  distant  centre.    The  rotation  of  the  sun  was 
lion  three  hundred  thousand  times  greater  ?  discovered  by  the  motion  of  certain  dark  spots 
We  may  express  its  dimensions  in  figures  or  across  its  disk.    These  spots  appear  to  enter 
in  words,  hot  in  the  present  state  of  our  limit-  the  disk  on  the  east  side,  to  move  from  thence 
cd  powers  we  can  form  no  mental  image  or  with  a  velocity  continually  increasing  till  they 
representation  of  an  object  so  stupendous  and  arrive  at  the  middle  of  the  disk ;  they  then 
sublime.     Chained  down  to  our  terrestrial  move  slower  and  slower  till  they  go  off  at  the 
mansion,  we  are  deprived  of  a  sufficient  range  sun's  western  limb ;  alter  which  they  disap- 
of  prospect,  so  as  to  form  a  substratum  to  our  pear  for  about  the  same  space  of  time  they 
thoughts,  when  we  attempt  to  form  concep-  occupied  in  crossing  the  disk,  and  then  enter 
tions  of  such  amazing  magnitudes.   The  iroa-  again  on  the  eastern  limb  and  move  onward  in 
gtnatioQ  is  overpowered  and  bewildered  in  its  the  same  track  as  before,  unless  they  sufier  a 
Mdest  efforts,  and  drops  its  wings  before  it  change,  as  frequently  happens,  afler  they  disap- 
has  realized  the  ten  thousandth  part  of  the  pearfromthe  western  limb.  The  apparent  inc- 
idea  which  it  attempted  to  grasp.    It  is  not  quoHiu  in  the  motion  of  the  spots  is  purely 
improbable  that  the  largest  ideas  we  have  yet  optical,  and  is  owing  to  the  oblique  view  we 
acquired  or  can  represent  to  our  minds  of  the  have  of  the  parts  of  a  globe  which  are  near  the 
immensity  of  the  universe  are  inferior  to  a  margin ;  but  the  motion  is  such  as  demonstrates 
JuB  and  comprehensive  idea  of  the  vast  globe  that  the  spots  are  carried  round  with  a  uniform 
of  the  sun  in  all  its  connexiouf  and  dimen*  and  equable  motion.  From  the  motion  of  these 
sionsi  and,    therefore,    not  only  must  the  spots  we  learn,  1.  That  the  sun  is  a  globe,  and 
powers  of  the  human  mind  be  invigorated  and  not  a  flat  surface ;  2.  That  it  has  a  rotation  round 
expanded,Jnit  also  the  limits  of  our  intellec-  its  own  axis ;  and,  8.  That  this  rotation  is  per^ 
toal  and  corporeal  vision  must  be  indefinitely  jfbrmed  in  the  same  direction  as  the  rotation 
extended,  before  we  can  grasp  the  objects  of  of  the  planets  and  their  annual  revolutions, 
overpowering  grandeur  which  exist  within  namely,  according  to  the  order  of  the  signs  of 
the  range  of  creation,  and  take  an  enlightened  the  zodiac.    The4ime  which  a  spot  takes  in 
and  comprehensive  view  of  the  great  Creator's  moving  from  the  eastern  to  the  western  limb  is 
empire.    And  as  such  endowments  cannot  be  thirteen  days  and  nearly  sixteen  hours,  and, 
attained  in  the  present  state,  this  very  circum-  consequently,  the  whole  apparent  revolution 
Glance  forms  a  presumptive   ailment  that  is  twenty-seven  days  and  nearly  eight  hours. 
man  is  destined  to  an  immortal  existence.  But  this  is  not  the  true  period  of  the  sun's 
where  his  faculties  will  be  enlarged  and  the  rotation ;  for  as  the  earth  has,  during  this  time, 
boundaries  of  his  vision  extended,  so  as  to  en-  advanced  in  its  orbit  from  east  to  west,  and  in 
sMe  hhn  to  take  a  large  and  comprehensive  some  measure  followed  the  motion  of  the  s]x>t, 
view  of  the  wonders  of  the  universe,  and  the  the  real  time  in  which  the  spots  perform  theur 
tangeof  the  Divine  government.  In  the  mean  revolutions  is  found,  by  calculation,*  to  be 
time,  h^ywever,  it  may  be  useful  to  allow  our  twenty-five  days,  ten  hours.    Every  part  of 
thoughts  to  expatiate  on  such  objects,  and  to  the  sun's  equator,  therefore,  moves  at  the  rata 
endeavour  to  form  as  comprehennve  an  idea  as  of  4532  miles  every  houn  The  axis  of  the  sun, 
poodble  of  such  a  stupendous  luminary  as  the  «  The  following  is  the  proportion  by  which  the  trae 
sun,  in  order  to  assist  us  in  forming  concep-  '9»«"onte  found  :305d5A.48«.  -^ajd.?*.  87«.>  or, 

t{77_  __r    u-     4     ^'ii J       J             'A  SOM.  13A.  45«.:  36M.  6A.  48jii.:  :27rf.  7A.  37tii.:  25d. 

Of  objecto  stiU  more  grand  and  magnifi-  q^^  56m.=s  the  true  time  of  tlie  sun's  roiaiion. 
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round  which  thii  WTolation  is  performed,  is  I  counted  about  130 ;  and  on  a  late  occaaon  I 
IncUned  7  degrees  20  minutes  to  the  ecliptic  pexceived  spots  of  all   descriptions   to   the 
The  Solar  Spots,  and  the  Physical  Conr  amount  of  about  150.    Such  a  number  of 
wtrucHon  of  the  jSun."— Although  the  sun  is  spots  are  generallj  arranged  into  ten  or  twelve 
the  fountain  of  light,  and  is  incessantly  pour-  different  dusters,  each  duster  having  one  or 
ing  a  flood  of  nutiance  over    surrounding  two  large  spots,  surrounded  with  a  number  of 
worlds,  yet  the  nature  of  this  vast  luminary,  smaller  ones.    Fig.  68,  lepresentB  the  spots 
and  the  operations  which  are  going  on  upon  of  the  sun  nearly  as  they  appeared  on  the  19th 
its  surface  and  adjacent  regions,  are  in  a  great  of  October,  1836,  some  of  the  smaller  spots 
measure  involved  in  darkness.   Before  stating  being  omitted.  The  larger  spots  are  represent- 
any  opinions  on  this  subject,  it  may  be  proper,  ed  on  a  somewhat  larger  scale  than  they 
in  the  first  place,  to  give  a  brief  description  of  should  be  in  proportion  to  the  diameter  of  the 
the  phenomena  which  have  been  observed  on  circle ;  but  they  present  nearly  the  same  re- 
the  surface  of  the  sun.    The  first  and  most  lative  aspect   they  exhibited  when  viewed 
striking  phenomenon  is  the  dark  spots  to  which  through  the  telescope  at  the  time  specified, 
we  have  alluded.    These  spots  are  of  all  sizes.  Fig.  69  shows  the  large  spot  on  a  larger  scale ; 
from  one  twenty-fifUi  part  of  the  sun's  diame-  and  Fig.  70  a  large  spot  which  appeared  in  a 
ter  to  the  one  five  hundreth  part  cuid  under,  subsequent  obeervation,  which  had  a  bright 
The  larger  spots  are  uniformly  dark  in  the  streak  or  two  in  the  centre, 
centre,  and  surrounded  with  a  kind  of  border  The  magnitude  of  some  of  the  solar  spots 
or  fainter  shade,  called  a  penumbra*    This  is  astonishing.  One  of  the  spots  seen  Novem* 
penumbra,  which  sometimes  occupies  a  con-  her  16,  1835,  was  found  to  measure  about  the 
fliderable  space  around  the  dark  nucleus,  is  fortieth  part  of  the  sun's  diameter ;  and  as 
frequently  of  a  shape  nearly  corresponding  to  that  diameter  is  equal  to  880,000  miles,  the 
that  of  the  black  spot    Sometimes  two  or  diameter  of  the  spot  must  have  been  22,000 
more  dark  spots,  and  a  number  of  small  ones  miles,  which  is  nearly  three  times  the  diame- 
are  included  within  the  same  penumbra,  and  ter  of  the  earth ;  and  if  we  suppose  it  only  a 
at  other  times  a  number  of  small  spots  in  a  fiat  surface,  and  nearly  drcnlar,  it  contained 
train,  forming  a  kind  of  tail,  accompany  the  380,133,600  square  miles,  which  is  near!/ 
larger  ones.    The  number  of  the  spots  is  very  double  the  area  of  our  globe.    The  largest  of 
various ;   sometimes  there  are  only  two  or  the  spots  in  the  figure,  indnding  the  penuni- 
three,  sometimes  above  a.  hundred,  and  some-  bra,  measured  about  the  one  twenty-first  part 
times  none  at  all.     Seheiner^  who  was  among  of  the  sun's  diameter,  and  its  breadth  about 
the  first  that  observed  these  spots,  remarks,  the  one  fifiy-fourth  part  of  the  same  diameter ; 
that  **  from  the  year  1611  to  1629  he  never  consequently  the  length  of  the  spots  and  p^ 
found  the  sun  quite  dear  of  spots,  except  a  numbra  was  41,900  miles»  its  breadth  16,300* 
few  days  in  December,  1624;  at  other  times  and  its  area    6,829,700,000    square    milea» 
he  was  able  to  count  twenty,  thirty,  and  even  which  would  afbrd  room  for  ten  globes  as 
fifty  spots  upon' the  son  at  a  time."    After-  large  as  the  ^arth  to  be  placed  upon  it     It 
ward,  during  an  interval  of  twenty  years,  from  consisted  of  a  dark  spot  of  a  longish   form, 
1650  to  1670,  it  is  said  that  scarcely  any  were  about  12,000  miles  in  length,  and  two  or  three 
to  be  seen.    But,  since  the  beginning  of  last  smaller  spots,  some  of  them  seve^l  thousand 
century,  no  year  has  passed,  so  far  as  we  miles  long,  all  included  within  one  penumbra, 
know,  in  which  spots  have  not  been  seen.    I  The  smallest  spots  we  can  discern  on  the  solar 
have  had  an  opportunity  of  viewing  the  sun  disk  cannot  be  much  leas  than  fiveor  six  him* 
with  good  telescopes  several  hundreds  of  times,  dred  miles  in  diameter, 
but  have  seldom  seen  his  surface  altogether  These    spots    are    subfeet    to   numerous 
free  of  spots.    In  some  years,  however,  they  changes.     When  watched  from  day  to  day, 
have  been  far  more  numerous  than  in  others,  they  appear  to  enlarge  or  contract,  to  change 
In  the  beginning  of  1835  comparatively  few  their  forms,  and  at  length  to  disappear  altoge* 
were  seen,  but  during  the  latter  part  of  it,  the  ther,  or  to  break  out  on  parts  of  the  solar  sur^ 
whole  of  1836,  and  up  to  the  present  time  face  where  there  were  none  before.   Hevelius 
(Septpmber,  1837,)  they  have  been  exceed*  observed  one  which  arose  and  vanished  in  the 
tngly  numerous.    On  the  16th  of  November,  space  of  seventeen  hours.    No  spot  has  been 
1835,  with  an  achromatic  telescope,  magnify-  known  to  last  longer  than  one  that  appeared 
ing  about  a  hundred  times,  I  perceived  about  in  the  year  1676,  which  continued  upon  the 
ten  different  clusters;  and,  within  the  limits  sUn  above  seventy  days;  but  it  is  seldom  that 
of  two  of  the  clusters,  sixty  different  spots  any  spots  last  longer  than  six  weeks.    These 
were  counted,  and  in  the  whole  of  the  other  spots  that  are  formed  gnidually  are  generally 
dusters  above  sixty  more ;  making  in  all  about  gradually  dissolved ;  those  which  arise  sudk 
120  spoti,  great  and  small.    On  the  1 9th  of  denly  are,  for  the  most  part,  suddenly  dissolved* 
October,  1836,  and  the  21st  of  Fcbruaiy,  1837,  Dr.  Long,  in  his  *<  Astronomy,"  voL  iL  states. 
(4' 2) 
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Aflit  **  while  be  was  -viewing  the  image  of  the  he  saw  one  roundish  sp(*t  by  esdmation  not 
ami  cast  throng  a  telescope  upon  white  paper,   much  leas  in  diameter  tlian  our  earth,  break 
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into  two,  which  immediatelj 
receded  iVom  one  another  wiUi 
a  prodigious  velocity."  The 
Rev.  Dr.  Wollaston,  wheA 
viewing  the  sun  with  a  re* 
flective  telescope,  perceived  a 
similar  phenomenon.  A  spot 
burst  in  pieces  while  he  was 
observing  it  like  a  piece  of 
ice,  which,  thrown  upon  a 
frozen  pond,  breaks  in  pieces 
and  slides  in  various  direo- 
^  tions.  On  the  11th  of  Octo- 
J  her,  1833,  at  3"  30"  p.  x.,  I 
*^  observed  a  large  spot,  with 
several  smaller  ones  behind 
it,  as  represented  Fig.  71. 
Next  day,  at  0''  3(K  r.  v., 
the  small  spots  marked  e  had 
entirely  disappeared,  and  no 
trace  of  them  was  afterwards 
seen.  Each  of  these  spots 
was  more  than  a  thousand 
miles  in  diameter,  yet  they 
were  all  changed  in  the  space 
of  twenty-two  hours.  The 
spbt  marked  (/,  near  the  large 
spot,  though  at  least  two  or 
three  thousand  miles  in 
length,  disappeared  about 
three  days  aitierward.  When 
any  spot  begins  to  increase 
or  diminish,  the  nucleus,  or 
dark  part,  and  the  penumbra 
contract  and  expand  at  the 
same  time.  During  the  pro- 
cess of  diminution,  the  pe- 
numbra encroaches  gradually 
upon  the  nucleus,  so  that 
the  figure  of  the  nucleus  and 
the  boundary  between  it  and 
the  penumbra  are  in  a  state 
of  perpetual  change ;  and  it 
sometimes  happens  during 
75         -  76  these  variations,  that  the  en- 

73  74  croachment  of  the  penumbra 

divides  the  nucleus  into  two  or  more  parts,  regions,  though  I  have  sometimes  seen  small 
These  circumstances  show  that  there  is  a  cer-  spots  as  distant  from  the  equator  as  sixty  de- 
tain connexion  between  the  penumbra  and   grees. 

the  nucleus ;  yet  it  is  observed,  that  when  the  Fig.  73  shows  the  progress  of  a  spot  across 
spots  disappear  the  penumbra  continues  for  the  sun's  disk,  from  its  eastern  to  its  western 
a  short  time  visible  after  the  nucleus  has  limb,  as  observed  and  delineated  by  Hevelius, 
vanished.  It  is  likewise  observed  that  the  in  May,  1044.  The  figures  refer  to  the  num- 
exterior  boundary  of  the  penumbra  never  con-  ber  of  days  on  which  the  spot  was  observed. 
nsts  of  sharp  angles,  but  is  always  curvilinear.  On  the  firat  day  of  the  observation,  when  the 
bow  irregriiiar  soever  the  outline  of  the  ndcleus  spot  first  appeared  on  the  eastern  limb,  it  was 
nay  be.  The  portions  of  the  sun  on  which  seen  as  represented  at  1 ;  the  second  day  it 
•pots  of  any  description  are  perceived  lie  from  was  not  visible,  by  reason  of  cloudy  weather, 
taiity  to  fifty  degrees  on  each  side  of  its  equa-  The  third,  fourth,  and  fifth  days  it  gradually 
tor.    No  splits  are  ever  seen  about  iti  polar  increased  in  bulk ;  the  sixth  day  it  was  not 
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leen.    On  the  tenth  and  following  days  the   opinions  have  been  enterlaiced  refpeetiny  Cfi* 
■pot  was  Tastly  increaaed  in  bulk,  with  an  irre-   nature  of  the  sun  ever  since  the  invention  of 
gular  atmosphere  about  it  and  a  dark  central   the  telescope.  It  has  very  generally  been  ooo- 
■pot    Figs.  73, 74, 75, 76,  are  representations   sidered  as  a  vast  body  of  liquid  fixe ;  and  in  « 
of  spots  by  Sir  W.  Herschel.    Fig.  75  shows   large  volume  now  before  me,  published  only 
the  division  of  a  decaying  nucleus  or  opening,    about  a  century  ago,  it  is  considered  as  the 
where  the  luminous  passage  across  the  open-   local  place  of  kelL    A  iargii  m^p  d  the  sun, 
ing  resembles  a  bridge  thrown  ovpr  a  hollow,   copied  from  the  delineations  of  Kircher  and 
Besides  the  dark  spots  now  described,  there    SeheineTf  is  exhibited,  in  which  the  solar  sur- 
are  otlicr  spots  which  have  a  bright  and  mot-   face  is  represented  as  all  over  covered  with 
tied  appearance,  which  were  formerly  termed   flames,  smoke,  volcanoes,  and  **  great  foun- 
faeulXi  and  which  Sir  W.  Herschel  dbtin-    tains,  or  ebullitions  of  fire  and  light,  spread 
guished  by  the  terms  Nodules,  Corrugations,   thick  over  the  whole  body  of  it ;  and  in  many 
and  Ridges,    These  spots  are  chiefly  to  be   places    dark  spots,    representing    dens    or 
seen  near  the  margin  of  the  sun,  in  the  same   caverns,  which  may  be  supposed  the  seats  of 
latitudes  in  which  the  other  spots  appear*   the  blackness  of  darkness."*     In  this  picture 
They  appear  first  on  the  eastern  margin,  and   the  smoke  and  flames  are  represented  as  rising 
continue  visible  for  three  or  four  days,  but  are   beyond  the  margin  of  the  son  about  a  ninth 
invidbie  when  they  arrive  near  the  middle  of    part  of  its  diameter,  or  nearly  90,000  miles ;  a 
the  disk,  and  when  they  approach  near  the   picture  as  unlike  the  real  suriace  of  the  sun  as 
western  limb  they  are  again  distinctly  visible,   the  gloom  of  midnight  is  unlike  the  splendours 
This  circumstance  shows  that  they  are  ridges   of  day.    But,  leaving  such  extravagant  and 
or  elevations,  which  appear  in  profile  when   untenable  notions,  even  some  philosophers 
near  the  limb,  but  in  front  or  foreshortened   have  held  opinions  altogether  incompatible 
when  near  the  middle  of  the  disk,  so  as  to  be-   with  reason  and  with  the  phenomena  present- 
come  invisible.    They  are  generally  seen  in   ed  by  the  sun :  Galileo,  Heveltus,  and  Maa- 
the  immediate  neighbourhood  of  dark  spots,   pertius  considered  the  spots  as  scoria  floating 
and  in  the  places  where  spots  have  appeared ;    in  the  inflammable  liquid  matter  of  which  they 
and  hence,  for  several  years  past,  when  any   conceived  the  sun  to  be  composed.    Others 
of  these  fiiculs  or  ridges  have  appeared  on  the   have  imagined  that  the  fluid  which  sends  forth 
eastern  maigui,  I  have  uniformly  been  enabled    light  and  heat  contains  a  nucleus  or  solid  globcy 
to  predict  the  appearance  of  a  laige  spot  or   in  which  are  several  volcanoes,  like  Etna  or 
two  within  the  course  of  twenty-four  or  thirty   Vesuvius  which  from  time  to  time  cast  forth 
hours ;  and  in  more  than  twenty  or  thirty  in-   quantities  of  bituminous  matter  up  to  the  sur- 
stances  I  have  never  been  disappointed.  These   race  of  the  sun,  and  form  those  spots  which 
facuIflB    and   ridges    present  a  mottled  and   are  seen  upon  it ;  and  that,  as  this  matter  is 
waving  appearance,  like  that  of  a  country  with   gradually  changed  and  consumed  by  the  lu- 
gentle  elevations  and  depressions,  and  hear  a   minous  fluid,  fiie  spots  disappear  for  a  time, 
strong  resemblance  to  certain  portions  of  that   but  are  seen  to  rise  again  in  the  same  places 
surfaoeofthemoon,  particularly  the  more  level   when  those  volcanoes  cast  up  new  matter, 
portions  of  the  orb,  which  present  a  number   Others,  again,  have  supposed  that  the  sun  is 
of  gentle  wavings  or  elevations  and  depres-   a  fiery  luminous  fluid,  in  which  several  opaque 
sions.    And  as  those  wavings  or  ridges  which   bodies  of  irregular  shapes  are  immersed,  and 
appear  on  the  sun  are,  in  a  clear  atmosphere,    that  these  bodies  are  sometimes  buoyed  up  or 
as  distinctly  perceptible  as  the  rough  surface   raised  to  the  surface,  where  they  appear  like 
of  the  moon,  they  must  be  objects  of  immense   spots ;  while  others  imagine  that  this  luminary 
extent  and  of  very  great  elevation,  whether   consistsof  a  fluid  in  continual  agitation,  by  the 
they  consist  of  luminous  clouds  or  of  more   rapid  motion  of  which  some  parts  more  gross 
dense  materials.    Some  of   those  spaces  or   than  the  rest  are  carried  up  to  the  surface  in 
ridges  have  been  found  to  occupy  a  portion  of    like  manner  as  scum  rises  on  the  top  of  melted 
the  solar  disk  equal  to  seventy-five  thousand    metal  or  any  thing  that  is  boiling, 
miles.    They  extend  over  a  large  portion  of        The  futility  of  all  such  opinions  is  obvious 
the  sun*s  surface,  and  their  shape  and  position   when  we  consider  attentively  all  the  varieties 
are  frequently  changing.  of  Ibe  solar  phenomena,  and  when  we  reflect 

Opinions  and  Deductions  respecting  the  on  the  immense  magnitude  both  of  the  sun 
Nature  and  Constitution  of  the  Sun^ — Hav-  itself  and  of  the  spots  which  traverse  its  sur- 
ing  described  the  principal  phenomena  con-  face.  What  resemblance  can  there  be  be- 
nected  with  this  immense  luminary,  we  may  twe^  such  volcanoes  as  Etna  and  Vesuvius, 
now  consider  what  conclusions  those  appear-  and  spots  on  the  sun  20,000  miles  in  diame- 
ances  lead  us  to  deduce  respecting  its  con- 
struction and  the  nraefiaaea  which  are  rnnntr  .,*.."  ^'^  Inquiry  Into  the  Nature  and  Place  of 
■u-ocnon  ana  lae  pr<K»sses  wnicn  are  going   ^g,, ,.  gy  jj^^  j^^^  ^  Swinden,  M.  A.,  Rector  of 

oo  near  jfa  8ar&:e.     Very  vague  and  foohsh    Cuxion,  in  Kent.  2d  edit.,  p.  470.  London,  17». 
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tey  and  aereral  times  larger  than  the  whole  that  the  depth  of  the  nacleus  ot  dark  part  of 

earth  1  between  the  vast  and  snblixne  opera*  the  spots  was,  in  several  instances,  from  2000 

tions  going  forward  in  this  magnificent  globe,  to  nearly  4000  miles.    In  order  to  confirm 

and  *^  the  aatm  and  scoria  of  melted  metal  V  his  theory,  he  constructed  a  globe  representing 

We  err  most  egregiously  when  we  attempt  to  the  sun,  with  certain  hollows  cut  out  to  repre- 

compaie  the  sabetances  and  the  puny  opera-  sent  the  spots  or  excavations,  which  were 

lions  which  we  see  around  us  on  the  globe  painted  black  with  Indian  ink,  and  the  slope 

we  inhabit,  with  what  takes  place  on  so  stu-  or  shelving  sides  of  the  excavations  were  dis- 

pendous  a  g^obe  as  the  sun,  whose  constituUon  tinguished  firom  the  brightness  of  the  external 

must  be  so  immensely  different  from  that  of  surface  by  a  shade  of  the  pencil,  which  in- 

the  planetary  bodies,  and  from  eveiy  thing  creased  towards  the  external  border.    When 

within  the  range  of  our  observation  on  this  this  artificial  sun  was  fixed  in  a  proper  frame, 

earth.     We  talk  of  volcanoes,  of  scoria,  of  and  examined  at  a  great  distance  with  a  tclc- 

boiling  metals,  of  bituminous  matter,  of  dens,  scope,  the  umbra  and  the  nucleus  exhibited 

and  caverns,  and  fiery  flames  in  the  sun,  as  the  same  phenomena  which  are  obser%'ed  on 

if  they  were  as  common  there  as  with  us ;  the  real  sun*^ 

whereas  there  is  every  reason  to  believe  that  Sir  William  Herschel,  with  his  powerful 
nothing  similar  to  any  of  them  is  to  be  found  telescopes,  made  numerous  observations  on 
in  the  constitution  of  this  vast  luminaiy.  We  the  solar  spots,  and  arrived  at  the  same  .con- 
might,  with  as  good  reason,  attempt  to  com-  elusion  as  Dr.  Wilson  had  done,  that  the  dark 
pare  the  process  of  vegetation  on  our  globe,  nucleus  of  the  spots  is  the  opaque  body  of  the 
and  the  tides  and  currents  of  cur  ocean,  with  sun  appearing  through  the  openings  in  its  at- 
what  takes  place  on  the  surface  of  Jupiter  or  mosphere,  and  that  the  luminous  surface  of 
on  the  rings  of  Saturn.  In  all  such  cases,  it  the  sun  is  neither  a  liquid  substance  nor  an 
is  most  becoming  rather  to  acknowledge  our  elastic  fluid,  but  luminous  or  phosphoric  clouds 
ignorance  than  to  caricature  and  degrade  the  floating  in  the  solar  atmosphere.  He  con- 
aobtimect  works  of  Omnipotence  by  our  pue-  ceives,  from  the  uniformity  of  colour  in  the 
rile  explanations  and  whimsical  theories.  The  penumbra  or  shallowSy  that  below  these  sclf- 
foEowing  are  some  of  the  more  rational  con-  luminous  clouds  there  is  another  stratum  of 
elusions  which  have  been  deduce<)  in  reference  douds  of  inferior  brightness,  which  is  intended 
to  the  constitution  of  the  sun.  as  a  curtain  to  protect  the  solid  and  opaque 
In  the  fint  place,  from  a  variety  of  observa-  body  of  the  sun  from  the  intense  brilliancy 
tioDS,  it  is  now  pretty  well  determined  that  and  heat  of  the  luminous  clouds ;  and  that 
the  solar  spots  are  depresnons,  and  not  eleva-  **  the  luminous  strata  arc  sustained  far  above 
tiona,  and  that  the  black  nucleus  of  every  the  level  of  the  solid  body  by  a  transparent 
■pot  is  the  opaque  body  of  the  sun  seen  elastic  medium,  carrying  on  its  upper  surface, 
through  an  opening  in  the  luminous  atmo*  or  at  some  considerably  lower  level  within  its 
sphere  with  which  it  is  environed.  This  was  depth,  t  cloudy  stratum,  which,  being  strongly 
first  ascertained  by  numerous  observations  illuminated  from  above,  reflects  a  considerable 
made  by  the  late  Dr.  Wilson,  professor  of  as-  portion  of  the  light  to  our  eyes,  and  forms  a 
tronomy  in  the  university  of  Glasgow.  This  penumbra,  while  the  solid  body,  shaded  by  the 
coodosion  is  founded  on  the  following  facts :  clouds,  reflects  little  or  none." 
When  any  spot  is  ab<mt  to  disappear  behind  What,  then,  are  the  conclusions  which  may 
the  son's  western  limb,  the  eastern  portion  of  be  deduced  in  regard  to  the  constitution  of 
&e  nmbra  first  contracts  in  its  breadth,  and  the  sun  ?  In  the  first  place,  we  must  admit 
then  vanishes.  The  nucleus  then  contracts  that,  at  present,  we  know  veiy  little  of  the 
and  vanishes,  while  the  western  portion  of  nature  of  this  immense  luminary,  and  dif  the 
the  nmbra  still  remains  visible.  When  a  spot  processes  that  are  going  forward  on  its  surface 
eomes  into  view  on  the  sun's  eastern  limb,  the  or  in  its  atmosphere.  For  there  \s  no  similar 
eastern  portion  of  the  umbra  first  becomes  body  with  which  we  are  intinoately  acquainted 
visible,  then  the  dark  nudeus,  and  then  the  with  which  we  can  compare  it,  and  which 
wertem  part  of  the  umbra  makes  its  appear-  might  enable  us  to  form  some  definite  concep- 
anoc.  When  two  spots  are  near  each  other,  tions  of  the  causes  which  produce  the  pheno- 
the  umbra  of  the  one  spot  is  defident  on  the  mena  it  presents.  But,  secondly,  it  appears 
side  next  the  other ;  and  when  one  of  the  highly  probable,  if  not  absolutely  certain,  that 
«pots  is  much  larger  than  the  other,  the  union  the  great  body  of  the  sun  consists  of  an 
of  the  largest  will  be  completely  wanting  on  opaque  solid  globe,  most  probably  diversified 
the  side  next  the  small  one.  From  various  with  elevations  and  •  depressions,  but  of  the 
nwcromgrteal  estimates  and  calculations  in  re- 
lation to  the  breadth  of  the  umbra,  and  the  *  Bss  ^a  elaborate  paper  on  this  sablect  by  Dr. 


of  their  appearance  and  disappear-  Wilson,  in  vol.  IxW.  of  the  «  Philosophical  Trani- 
--*--  -t  jTT  "Fl^**'*^  ««*  luaayyw  actions;"  and  another,  in  reply  loiome  objections 
«ioe»  tne  doctor  was  led  to  the  condustou  'bf  La  Lands,  to  tbsvolsme  for  1783. 
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natore  or  qualities  of  this  interior  globe,  and  changes  and  revolutions  would  appear,  tfaero 
the  materiab  of  which  it  is  composed,  we  are  are,  in  all  probability,  operations  and  changes^ 
altogether  unacquainted.  Thiidly,  that  this  though  of  a  very  diflbrent  descri)>tion,  taking 
opaque  ^lobe  is  surrounded  with  a  body  of  place  on  the  solar  surfiu;e  or  atmosphere  upon 
light,  which  it  diffuses  throughout  the  planet-  a  scale  of  nmch  larger  extent.  It  is  found  by 
ary  system  and  far  beyond  it ;  but  whether  this  calculation  that  the  smallest  space  containing 
light  consists  of  phosphoric  clouds  in  perpetual  a  visible  area  which  can  be  distinctly  per« 
motion,  or  how  it  is  produced  and  kept  con-  ceived  on  the  sun  with  good  telescopes  is 
tinually  in  action,  is  only  matter  of  conjecture,  about  460  miles ;  and  a  circle  of  this  diameter 
But,  in  whatever  it  consists,  it  is  pretty  evi-  contains  about  166,000  square  miles.  Now 
dent  that  it  forms  a  shell  or  covering  around  those  ridges  or  corrugations,  formerly  termed 
the  dark  body  of  the  son  of  several  tiiousand  faeahHy  which  are  seen  near  the  sun's  margin, 
miles  in  thickness.  Fourthly,  there  are  stu-  are  more  than  twenty  times  larger  than  such 
pendous  motions  and  operations  continually  a  space ;  they  evidently  appear  to  be  eleva- 
going  forward  in  connexion  with  the  sur&ce  tions  and  depressions  on  tiie  solar  surface* 
or  the  luminous  atmosphere  of  this  immense  and  are  almost  as  distinctly  perceptible  as  the 
body.  wavings  and  inequalities  on  the  surfiuse  of  the 
That  extensive  and  amazing  operations  and  moon.  How  immensely  large  and  elevated, 
processes  are  going  forward  on  the  surfiu^  of  then,  must  such  objects  in  reality  be,  when 
the  sun,  or  in  its  immediate  vicinity,  appeare  we  perceive  their  inequalities  so  distincUy  at 
from  the  immense  size  of  both  the  dark  and  the  distance  of  ninety-five  millions  of  miles ! 
luminous  spots,  and  the  sudden  and  extensive  The  elevated  parts  of  such  objects  cannot  be 
changes  to  which  they  are  frequently  sub-  less  than  several  hundreds  of  miles  above  the 
jeetcd.  Spots  have  been  observed  on  the  level  of  the  valleys  or  depressions,  and  ex- 
solar  disk  so  large  as  the  one  twentieth  of  the  tending  in  length  several  tiiousaiids  of  milesi 
sun*s  diameter,  and,  of  course,  44,000  miles  Yet,  soihetimes  in  a  few  days,  or,  at  most,  in 
in  lineal  extent,  comprising  an  area  of  one  a  few  weeks,  these  extensive  objects  are  either 
thousand  five  hundred  and  twenty  milUons  of  dissipated  or  darii  spots  appear  in>  their  room. 
square  miles.  Now  it  is  known  from  observa-  It  is  evident,  then,  that  stupendous  powers 
tion  that  such  spots  seldom  or  never  last  are  in  action,  and  vast  operations  are  going 
longer  than  forty-four  days,  and,  consequently,  on  in  connexion  with  this  august  luminary, 
their  borders  must  approach  at  the  rate  of  at  fer  surpassing  every  thing  wiUiin  the  range 
least  a  thousand  miles  every  day,  but  in  most  of  our  contemplation  in  this  terrestrial  sphere, 
cases  with  a  much  more  rapid  motion.  What,  and  of  which  the  human  mind  can  form  no 
then,  shall  we  think  of  the  motions  and  ope-  distinct  conception.  These  operations  appear 
rations  by  which  a  large  i^t  has  been  made  to  be  carried  forward  in  a  systematic  order, 
to  disappear  in  the  course  of  twenty-two  and  by  the  regular  influence  of  certain  pfaysl* 
hours,  as  I  have  sometimes  observed,  yea,  cal  agents.  But  what  these  agents  are ;  how 
which  have  disappeared  in  the  course  of  a  they  produce  their  efifects ;  wherein  they  differ 
single  hour  1  And  what  shall  we  think  of  in  their  nature  and  properties  from  the  physi* 
the  process  by  which  a  spot  as  large  as  the  cal  agents  connected  with  our  globe ;  whether 
earth  was  broken  into  two  during  the  moment  they  be  employed  in  keeping  up  a  constant 
of  observation,  and  made  to  recede  from  each  efflux  of  light  and  heat  to  ti^  worlds  which. 
other,  as  was  observed  both  by  Dr.  Long  and  roll  around ;  or  whether  their  activities  have 
Dr.  Wollaston  1  (Seepage  100.)  How  power-  any  relation  to  intelligent  beings  connected 
ful  the  forces,  how  rapid  the  motions,  and  with  the  sun,  are  questions  which,  in  oin*  pre- 
how  extensive  the  changes  which  must  have  sent  state,  it  is  impossible  to  resolve.  But  we 
been  produced  in  such  cases !  Whether  we  can  easily  conceive  that  scenes  of  overpower* 
coivsider  such  changes  to  be  produced  in  the  ing  grandeur  and  sublimity  would  be  pre- 
solid  globe  of  the  sun,  or  merely  in  the  lumi-  sented  to  view  could  we  suppose  ourselves 
nous  atmosphere  with  which  it  is  environed,  placed  in  the  immediate  vicinity  of  this  lumi- 
the  scale  on  which  such  movements  and  ope-  nary.  Were  we  placed  .within  a  hundred 
rations  must  bo  conducted  is  immense,  and  miles  of  the  solar  luminous  atmosphere,  where 
altogether  overpowering  to  the  imagination,  the  operations  which  we  now  behold  at  a 
What  should  we  think  were  we  to  behold  the  remote  distance  would  be  distuictiy  perceived, 
whole  of  the  clouds  which  float  in  the  earth's  we  should  doubtiess  behold  a  eoene  of  over- 
atmosphere  dissipated  in  a  moment;  the  con-  whelming  magnificence  and  splendour,  and  a 
tinent  of  America  detached  frxsm  its  basis  and  series  of  sublime  phenomena  &r  sQrpaasmgp 
transported  across  the  Atlantic ;  or  the  vast  what  "  eye  hath  yet  seen,"  or  the  mind  of 
Pacific  Ocean,  in  the  course  of  a  few  days,  man  can  yet  conceive.  Were  we  placed 
overwhelmmg  with  its  billows  the  whole  of  within  this  luminous  atmosphere,  on  the  selii 
Asia,  Afiica,  and  Europe  ^  Amazing  as  such  surface  of  the  sun,  we  shcmld  doubtless 
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tomplate  a  scene  altogether  novel,  and  stUI  earth's  hemisphere,  seen  at  one  comprehen* 
more  brilliant  and  astonishing.  To  a  spectator  sive  view,  would  afford  us  coropsTitively  little 
tn  this  position  an  opening  in  the  himinous  assistance  in  forming  an  adequate  conception 
atmosphere  several  thousands  of  miles  in  cir-  of  such  a  stupendous  globe  as  the  sun ;  it 
comferenoe,  where  none  appeared  before,  would  not  equal  the  idea  of  magnitude  whicb 
would  be  presented  to  his  view,  through  we  ought  to  attach  to  one  of  the  smaller  spots 
which  the  stars  of  heaven  might  possibly  be  on  its  surface.  For  the  area  of  the  solar  sur- 
perceived ;  and  in  a  short  time  this  opening  &oe  is  twenty-four  thousand  seven  hundred 
would  gradoally  close,  and  he  would  find  times  greater ;  so  that  24,700  scenes  equal  in 
himself  again  surrounded  with  iueffiiblesplen-  magnitude  to  the  hemisphere  of  our  globe 
dour ;  while,  at  the  same  time,  he  might  have  must  pass  between  us  in  review  before  we 
a  view  of  the  physical  agents  by  which  these  could  acquire  a  copaprebensive  and  adequate 
sitoniahing  efiects  are  produced.  In  a  short  idea  of  the  expansive  surface  of  the  sun.  And 
time  another  opening  of  a  different  kind  were  a  scene  of  this  description  to  pass  before 
would  be  peroerred,  and  other  scenes  and  oar  eyes  eveiy  two  hours,  till  an  extent  equal 
tnnsformations  would  be  exhibited  to  the  to  the  area  of  the  sun  passed  under  our  view, 
fkw  in  regular  succession.  That  such  scenes  and  weije  twelve  houn  every  day  allotted  for 
would  actually  be  exhibited  is  a  natural  de-  the  observation,  it  would  require  more  than 
doction  from  the  theoiy  (which  may  be  con-  eleven  years  befor^  such  a  rapid  survey  of  this 
sideied  as  established)  that  the  sun  consists  vast  luminary  could  be  completed.  But,  as 
of  a  solid  globe,  surrounded  with  a  luminous  we  can  have  no  adequate  idea  of  a  scene 
atmosphere,  and  that  the  dark  spots  are  the  oomprehtuding  a  whole  hemisphere  of  our 
openings  in  that  luminous  fluid.  globe,  let  us  compare  the  view  from  Mount 

It  appears,  then,  that  the  sun  which  we   Etna  with  the  amplitude  of  the  son.    '*  There 
daily  behold  is  a  body  of  ine&ble  magnitude   is  no  point  on  the  surface  of  the  globe,'*  says 
and  splendour,  and  that  the  most  magnificent   Mr.  Brydone,  "  that  unites  so  many  awful  and 
operations  are  incessantly  going  forward  on   sublime  objecte  as  the  top  of  Etna,  and  no 
its  surfiu»  or  in  its  immediate  vidnity.    It  is,   imagination  has  dared  to  form  an  idea  of  so 
indeed,  a  kind  o^univerge  in  itself,  the  magni-   glorious  and  magnificent  a  scene.    The  body 
tilde,  and  extent,  and  grandeur  of  which,  and   of  the-  sun  is  seen  rising  from  the  ocean, 
ihe  vast  and  sublime  operations  connected   immense  tracts  both  of  sea  and  land  inter- 
with  ite  physical   constitution,  surpass   the   vening ;  the  islands  of  Pinari,  Alicudi,  Lipari, 
powers  of  the  human  mind  to  form  any  ade*   Stromboli,  and  Volcano,  with  their  smoking 
qoato  conception.    We  are  destitute  of  a  sulh  summits,  appear  under  your  feet,  and  you 
stratum  ot  thought  for  enabling  us  to  form   look  down  on  the  whole  of  SicUy  as  orf  a 
a  oHnprehensive  conception  on  this  subject   map,  and  can  trace  every  river  through  all  ite 
When  we  ascend  to  the  top  of  Mount  Etna  windings  from  ite  source  to  ite  mouth.    The 
or  Mount  Blanc,  and  survey  the  vast  group   view  is  absolutely  boundless  on  every  side,  so 
of  surrounding  objects  which  appear  around   that  the  sight  is  every  where  lost  in  the  im- 
and  beneath  us  when  the  morning  sun  illumi-   menaity.'*    Yet  this  glorious  and  expansive 
nates  the  landscape,  we  behold  one  of  the   prospect  is  comprised  within  a  circle  about 
largest  and  most  expansive  objecte  that  can   240  miles  in  diameter  and  754  in  circum- 
nwet  our  eye  in  thu  sublunary  scene;  and   ference,  containing 45,240  square  miles, which 
we  can  compare  it  with   objecte  that  are   is  only  1-63,776,608  part  of  the  surface  of  the 
amaOcr  and  with  those  that  are  somewhat   sun ;  so  that  fifty-three  millions,  seven  bun- 
larger.    But  the  amplitude  of  such  a  scene   dred  and  seventy-six  thousand   landscapes, 
extends  only  to  a  hundred  or  a  hundred  and   such  as  lieheld  from  Mount  Etna,  behooved 
fifty  miles  in  every  direction,  which  is  less  to  pass  before  us  before  we  could  contemplate 
thui  the  least  visible  point  or  spot  which  we   a  surface  as  expansive  as  that  of  the  sun ;  and 
can  perceive  on  the  sun  with  the  most  powei^   if  every  such  landscape  were  to  occupy  two 
Ibl  telescopes.    Were  we  transported  to  a   hours   in    the    contemplation,  as   supposed 
point  five  or  six  thousand  miles  above  the   above,  it  would  require /toefi/y<;/bttr /Aar<Mm</ 
snr&ce  of  the  earth,  so  as  to  take  in  nearly  at   Jitfe  hundred  and  Jiftj^'four  yecara  before  the 
one  view  the  whole  hemisphere  of  our  globe ;   whole  surface  of  this  immense  globe  could  be 
and  were  our  eyes  to  be  strengthened  so  as  to   in  this  manner  surveyed ;  and,  after  all,  we 
be  able  to  peroeive  every  part  of  ite  surface  should  have  but  a  very  imperfect  conception 
distinctly,  our  ideas  of  magniiude  would  be   of  the  toiid  eontenta  of  the  sun,  which  conteins 
vastly  enlarged,  and  we  should  be  enabled  to   356,818,739,200,000,000  of   cubical    miles, 
ftrm  more  corrsct  and  comprehensive  ooncep-   which  number  is  146,670  times  greater  than 
tions  than  we  can  now  do  of  the  still  greater  the  number  of  square  miles  upon  ite  surface. 
ttagnttodes  of  many  of  the  celestial  bodies.       What  a  glorious  idea,  then,  does  such  an 
B«t  eveo  such  an  ob|ect  as  the  whole  of  the  object  as  the  sun  present  to  us  of  the  GaAH> 
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BEVK  of  the  Deity  and  the  EirEHOiss  of  umverae, ''whose  kingdom  ruleth  over  all,  and 

OxsriPOTExcK !    There  is  no  single  otjeci  before  whom  all  nations  are  counted  aa  leas 

within  the  range  of  our  knowledge  that  affords  than  nothing  and  vanity." 
/  a  more  striking  and  august  emblem  of  its       It  might  here  form  a  subject  of  inquiiy. 

Great  Creator.  In  its  lustre,  in  its  magnitude,  whether  there  be  any  reason  to  beUeoe  that 

in  its  energy,  in  its  boundless  influence,  and  the  sun  is  inhabit^?     Most  astronomers 

its  beneflcial  effects  on  this  earth  and  on  have  been  disposed  to  answer  this  question  in 

surrounding  worlds,  ^ere  is  a  more  bright  the  negatire.    Sir  W.  Herschel,  however, 

display  of  Divine  perfection  than  in  any  other  and  several  others,  consider  it  as  not  altoge* 

material  being  with  which  we  are  acquainted:  ther  improbable  that  the  sun  is  peopled  with 

"  Great  source  of  day '.  best  image  here  below  ^"^^l  »»'Jg»\    Viewing  this  luminary  m 

Of  ihy  Creator !  ever  pouring  wide  consisting  ot  a  darK  solid  nucleus,  sunounded 

From  world  to  world,  the  vital  ocean  round,  by  two  strata  of  clouds,  the  outermost  the  re- 

Oi.  Nature  write,  with  every  beam,  his  praise."  ^^^  ^f  ^^  ^y^^  ^j  y^^  ^^ich  is  diffused 

Could  such  a  magnificent  orb  have  been  to  the  remotest  parts  of  the  system,  they  con- 
produced  by  a  fortuitous  concourse  of  atoms,  ceived  that  the  interior  stratum  was  intended 
en^lplaced  in  its  proper  position  to  distribute  to  protect  the  inhabitants  of  the  sun  from  the 
light  and  attractive  influence  to  the  worlds  fiery  blaze  of  the  sphere  of  light  and  heat 
which  roll  around  it  1  Could  chance  have  with  which  they  are  surrounded.  On  either 
•  directed  the  distance  at  which  it  should  be  side  of  this  question  it  becomes  us  to  speak 
placed  from  the  respective  planets,  or  the  size  with  diffidence  and  modesty.  We  ought  not 
to  which  it  should  be  expanded,  in  order  to  to  set  limits  to  the  wisdom  and  arrangements 
diffiise  its  energies  to  the  remotest  part  of  the  of  the  Creator  by  affirming  that  rational 
system  ?  Could  chance  have  impressed  upon  beings  could  not  exist  and  find  enjoyment  on 
it  the  laws  requisite  for  sustaining  in  their  such  a  globe  as  the  sim,  on  account  of  the 
courses  all  the  bodies  dependent  upon  it,  or  intensity  of  light  and  heat  which  for  ever  pre- 
have  endowed  it  with  a  source  of  illumination  vails  in  that  region.  For  it  is  probable  that 
which  has  been  preserved  in  action  firom  age  the  luminous  matter  that  encompasses  the 
to  age  ?  To  affirm  such  positions  would  be  solid  globe  of  the  sun  does  not  derive  its 
to  undermine  and  annihilate  the  principles  of  splendour  firom  any  intensity  of  heat.  If  this 
all  our  reasonings.  The  existence  of  the  sun  were  the  case,  the  parts  underneath,  which 
proves  the  existence  ofan  Eternal  and  Supreme  are  perpetually  in  contact  with  that  glowing 
Divinity,  and  at  the  same  time  demonstrates  matter,  would  be  heated  to  such  a  degree  aa 
his  omnipotent  power,  his  uncontrollable  to  become  luminous  and  bright,  whereas  we 
agency,  the  depths  of  his  wisdom,  and  the  find  that  they  have  uniformly  a  dark  appear^ 
riches  of  his  beneficence.  If  such  a  luminary  ance:  so  that  it  is  possible  the  interior  region 
be  so  glorious  and  incomprehensible,  what  of  the  sun  may  be  in  a  state  of  comparatively 
must  its  Great  Creator  be  1  If  its  splendour  low  temperature.  For  any  thing  we  know  to 
be  so  dazzling  to  our  eyes,  and  its  magnitude  the  contrary  or  can  demonstrate,  the  sun  may 
BO  overpowering  to  our  imagination,  what  be  one  of  the  most  splendid  and  delightful 
must  He  be  who  lighted  up  that  magnificent  regions  of  the  universe,  and  scenes  of  msgnifi- 
orb,  and  bade  a  retmue  of  worlds  revolve  cence  and  grandeur  may  be  there  displayed 
around  it;  who  ''dwells  in  light  inaccessible,  far  surpassing  any  thing  that  i^  to  be  found 
to  which  no  mortal  eye  can  approach  ?"  If  in  the  planets  which  revolve  around  it,  and  its 
the  sun  is  only  one  out  of  many  myriads  of  population  may  as  fiir  exceed  in  number  that 
similar  globes  dispersed  throughout  the  ilUmit-  of  other  worlds  as  the  immense  size  of  this 
able  tracts  of  creation,  how  great,  hov^glorious,  globe  exceeds  that  of  all  the  other  bodies  in 
how  fiir  surpaasing  human  comprehenrion  Uie  system.  But,  on  the  other  hand,  we 
must  be  the  plans  and  the  attributes  of  the  know  too  little  of  the  nature  and  constitution 
infinite  and  eternal  Creator !  **  His  greatness  of  the  sun,  and  the  plans  of  Divine  Wisdom, 
is  unsearchable,  and  his  ways  past  finding  to  warrant  us  to  make  any  positive  assertions 
out"  Could  we  thoroughly  comprehend  the  on  this  point  Although  no  intelligent  beinf^ 
depths  of  lus  perfections  or  the  grandeur  of  were  connected  with  this  great  luminary,  its 
his  empire,  he  would  cease  to  be  God,  or  we  boundless  influence  in  the  planetary  system ; 
should  cease  to  be  limited  and  dependent  its  being  the  soul  and  centre  of  surrounding 
beings.  But,  in  presenting  to  our  view  such  worlds;  its  diffusing  light,  and  heat,  and 
magnificent  objects,  it  is  evidently  his  inten«  genial  influences  of  various  kinds,  to  all  the 
tion  that  we  should  rise  in  our  contemplations  tribes  of  their  inhabitants ;  and  its  cementing 
from  the  eSdd  to  the  cause,  from  the  creature  them  all  by  its  attractive  energy  in  one  hsow 
to  the  Creator,  from  the  visible  splendours  monious  system,  are  reasons  sufficient  for  Um 
and  magnificeuoe  of  creation  to  the  invisible  creation  of  this  vast  globe,  without  die  infln* 
glories  of  Him  who  sits  on  the  throne  of  the  ence  of  which  perpetual  daKknesB  would 
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,  the  planets  would  start  from  their  spheres,  petual  darkness.    This  earth  would  hecome  a 
and  the  whole  system  soon  become  one  uni-  lifeless  mass,  a  dreary  waste,  a  rude  lump  of 
venal  wreck.  inactive  matter,  without  beauty  or  order.    No 
It  is  owing  *o  the  existence  of  the  sun  that  longer  should  we  behold  the  meadows  clothed 
our  globe  is  a  nabitahle  world  and  productive  wi&  verdure,  the  flowers  shedding  their  per- 
>f  enjoyment.    Almost  all  the  benign  agen-  fumes,  or  **the  valleys  covered  with  com." 
ries  which  are  going  forward  in  the  atmo-  The  feathered  songsters  would    no  longer 
sphere,  the  waters,  and  the  earth,  derive  their  chant  their  melodious  notes ;  all  human  acti- 
origin  from  its  powerful  and  perpetual  influ'  vity  would   cease ;  universal  silence  would 
ence.  Its  light  diffuses  itself  over  every  region,  reign  undisturbed,  and  this  huge  globe  of  land  ^ 
and  produces  all  that  diversity  of  colouruig  and  water  would  return  to  its  original  chaos. 
which  enlivens  and  adonis  the  landscape  of       Hence  it  appears  that  there  is  a  sufficient 
the  world,  without  which  we  should  be  unable  reason  for  the  creation  of  this  powerful  himi- 
to  distmgnish  one  object  from  another.    By  nary,  although  no    sensitive  or    intelligent 
its  vivifying  action,  vegetables  are  elaborated  beings  of  any  description  were  placed  on  its 
fitsm  inorganic  matter,  the  sap  ascends  through  surface.    But,  at  the  same  time,  when  we 
their  myriads  of  vessels,  the  flowers  glow  with  consider  the  infinite  wisdom  and  intelligence 
the  richest  hues,  the  fruits  of  autumn  are  ma-  of  the  Divine  mind,  and  that  the  thoughts  and 
tmed,  and  become,  in  their  turn,  the  support  the  ways  of  God  as  far  surpass  the  thoughts  of 
of  animals  and  of  man.    By  its  heat  the  man  as  the  heavens  in  height  surpass  the  earth; 
watera  of  the  rivers  and  the  ocean  are  atlen-  when  we  consider  that  animated  beings  on 
oated  and  carried  to  the  higher  regions  of  the  our  own  globe  are  found  in  situations  where 
atmosphere,  where  they  drculate  in  the  form  we  should  never  have  expected  them ;  that 
of  vapovff  till  ihey  again  descend  in  showers,  every  puddle  and  marsh,  and  almost  every 
to  sDppiy  the  soorces  of  the  rivers  and  to  fer-  drop  of  water,  is  crowded  with  living  beings ; 
tilixe  the  soil.    By  the  same  agency  all  winds  and  that  even  the  very  viscera  in  the  larger 
are  prodnoed,  which  purify  the  atmosphere  by  animals  can  afford  accommodation  for  sentient  -- 
keeping  it  in  perpetoal  motion,  which  propel  existence,  it  would  be  presumptuous  in  man 
our  ships  across  the  ocean,  dispel  noxious  va-  to  affirm  that  the  Creator  has  not  placed  in- 
pouis,  prevent  pestilential  effluvia,  and  rid  our  numerable  orders  of  sentient  and  intelligent 
habitations  of  a  thousand  nuisances.    By  its  beings,  with  senses  and  constitutions  accom 
attractive  energy  the  tides  of  the  ocean  are  modated  to  their  situations,  throughout  the 
modified  and  regulated,  the  earth  conducted  expansive  regions  of  the  sun. 
in  its  annual  couise,  and  the  moon  sustained       It  has  been  a  question  which  has  exercised 
and  directed  in  her  motions.    Its  influence  the  attention  of  some  astronomers,  whether 
descends  even  to  the  mineral  kingdom,  and  is  the  solar  phenomena  ^iave  any  effect  upon 
felt  in  the  chymical  compositions  and  decom-  the  weather,  or  the  productiveness  of  our  sea^   • 
positions  of  the  elements  of  nature.    The  sons.    Sir  W.  Herschcl  was  of  opinion,  that 
disturbanoea  in  the  electric  equilibrium  of  the  when  tho  corrugations  and  openings  of  the 
atmosphere,  which  produce  the  phenomena  of  solar  atmosphere  are  numerous,  the  heat  emit- 
thunder,  lightning,  and  rain,  and  the  varieties  ted  by  the  sun  must  be  proportionably  in- 
of  terrestrial  magnetism ;  tiie  slow  degrada-  creased,  and  that  this  augmentation  must  be 
tion  of  the  solid  constituents  of  the  globe  and  perceptible  by  its  effects  on  vegetation ;  and, 
their  difosion  among  the  waters  of  the  ocean,  by  comparing  the  solar  appearances  as  given 
may  all  be  traced,  eitiier  direcdy  or  indirectly,  by  La  Lands  with  the  table  of  the  price  of 
to  the  agency  of  the  snn.    It  illuminates  and  wheat  in  Smith's  "  Wealth  of  Nations,"  he 
cheers  all  the  inhabitants  of  the  earth  from  obtained  results  which  he  considered  as  &- 
the  pobr  regions  to  the  torrid  zone.     When  vourable  to  his  hypothesis.    But  it  is  evident 
its  rays  gild  Uie  eastern  horizon  after  the  dark-  that  we  are  not  yet  in  possession  of  such  a 
ncss  of  the  night,  something  like  a  new  crea-  series  of  facts  in  relation  to  this  subject  as 
tion  appears.     The  landscape  is  adorned  vrith  will  warrant  us  to  draw  any  general  conclu- 
a  thousand  shades  and  colours;  millions  of  nons.    Besides,  we  know  too  UtUe  of  the 
inserts  awake  and  bade  in  its  rays ;  the  birds  construction  of  the  sun,  and  the  nature  of 
start  from  their  slumbers,  and  fill  the  groves  those  processes  which  are  going  on  in  its 
with  their  melody ;  the  flocks  and  herds  ex-  atmosphere,  to  be  able  to  determine  the  pre- 
press their  joy  in  hoarser  acclamations;  "man  portion  of  light  and  heat  which  particular 
goeth  Ibith  to  his  work  and  to  his  labour;'*  phenomena  indicate.    So  far  as  my  own  ob- 
all  nature  smiles,  and  « the  hills  rejoice  on  servation  goes,  I  should  be  disposed  to  adopt 
every  ride.**    Without  the  influence  of  this  an  opposite  conclusion,  namely,  that  in  those 
august  iuininary,  a  universal  gloom  would  en-  years  when  the  spots  of  the  sun  are  numerous, 
■oe,  and  surrounding  worlds,  with  all  their  the  seasons  are  colder  and  more  unproductive  « 
tnina  of  nteUitss^  would  be  dirouded  in  per-  of  vegetation.    This  was  remarkably  the  case 
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in  the  year  1816,  wbeii  the  solar  spots  were  its  axis,  another  round  the  son,  and  a  third  io 

extremely  numerousy  and  when  the  hanrest  the  direction  in  which  the  sun  is  moving, 

was  so  late  and  scanty  that  the  price  of  all  and,  consequently,  it  is  probable  that  we  shall 

kinds  of  grain  was  more  than  double  what  it  never  again  ocr  jpy  that  portion  of  absolute 

had  been  before  or  what  it  has  been  since,  space  through  which  we  are  now  pasdng 

The  year  183G,  and  tlie  present  year,  1837,  throughout  all  the  succeeding  periods  of  etcr- 

aiford  similar  examples ;  for,  during  eighteen  nity. 

months  past,  the  solar  spots  have  been  more  The  Zodiacal  Lights — ^The  zodiacal  light 
numerous  than  in  any  other  period  in  my  re-  is  a  phenomenon  which  has  been  generally 
collection ;  and  the  cold  of  the  summer  and  conodered  as  connected  with  the  sun.  The 
harvest  of  1836,  and  of  the  winter  and  spring  light  appears  to  have  been  noticed  by  Mr.  Ciiil- 
of  1837,  and  its  unfavourable  efK^cts  on  vcge-  drey  about  the  year  1660 ;  but  it  was  after- 
tation,  ^ere  greater  than  what  had  been  expe-  ward  more  particularly  noticed  and  described 
rienced  for  more  than  twenty  years  before,  by  Cassini  in  the  spring  of  1683,  which  was 
But  on  this  point  we'are  not  yet  warranted  the  first  time  he  had  seen  it,  and  he  observed 
to  draw  any  positive  conclusions.  Before  we  it  for  about  eight  days.  It  appears  generally 
can  trace  any  general  connexion  between  the  in  a  conical  form,  having  its  base  directed  to- 
solar  spots  and  the  temperature  and  vegeta-  wards  the  body  of  the  suu  and  its  point  towards 
tion  of  our  globe  in  any  particular  season,  we  some  star  in  the  zodiac.  Its  light  is  like  the 
must  endeavour  to  ascertain  .the  efiects  pro-  milky  way,  or  that  of  the  &int  twilight,  or  the 
duced  on  vegetation  not  only  in  two  or  three  tail  of  a  comet,  thin  enough  io  let  the  stars  be 
particular  countries  which  lie  adjacent  to  seen  through  it,  and  seems  to  surround  the 
each  other,  but  over  all  the  regions  of  the  sun  in  the  form  of  a  lens,  the  plane  of  which 
earth.  It  may  be  proper  to  direct  our  future  is  nearly  coincident  with  the  plane  of  the  sun's 
observations  to  tiiis  point,  as  they  might  pro-  equator.  The  apparent  angular  distance  of 
bably  lead  to  some  important  results ;  but  a  its  vertex  from  the  sun  varies  firom  40  to  90 
oonsidcrable  period  behooved  to  elapse  before  degrees,  and  the  breadth  of  its  base,  perpendi- 
we  could  be  warranted  to  deduce  any  definite  cular  to  its  axis,  from  8  to  30  degrees.  It  is 
conclusions.  supposed  to  extend  beyond  the  orbit  of  Mcr- 
Wkether  the  sun  has  a  progressive  motion  cury,  and  even  as  far  as  that  of  Venus,  but 
in  absolute  space  is  another  question  which  never  so  far  as  the  orbit  of  the  earth.  This 
has  engaged  the  attention  of  astronomers.  If  light  is  weaker  in  the  morning  when  day  is 
the  sun  have  such  a  motion  directed  to  any  coming  on  than  at  night  when  darkness  is  in- 
quarter  of  the  heavens,  the  stars  in  that  quar-  creasing,  and  it  disappears  in  full  moonlight 
ter  must  apparently  recede  from  each  other,  or  in  strong  twilight.  In  north  latitudes  it  is 
while  those  in  the  opposite  region  will  seem  most  conspicuous  after  the  evening  twilight 
gradually  to  approach.  Sir  W.  Herschel  found  about  the  end  of  February  and  the  beginning 
that  the  apparent  proper  motion  of  forty-four  of  March ;  and  before  the  appearing  of  the 
stars  out  of  fifty-six  are  very  nearly  in  the  morning  twilight,  about  the  beginning  of  Oc* 
direction  which  should  result  from  a  motion  tobcr;  for  at  those  times  it  stands  most  erect 
of  the  sun  towards  the  constellation  Hercules,  above  the  horizon,  and  is  therefore  furthest 
or  to  a  point  of  the  heavens  whose  right  asoen-  removed  from  the  thick  vapours  and  the  twi- 
sion  is  250^  5^J^  and  north  declination  49^  light  About  the  time  of  the  winter  solstice 
38'.  "  No  one,"  says  Sir  John  t  Herachel,  it  may  likewise  be  seen  in  the  mornings  ;  but 
**  who  reflects  with  due  attention  on  the  sub-  it  is  seldom  perceptible  in  summer  on  account 
ject,  will  be  inclined  to  deny  the  high  proba-  of  the  long  twilights.  It  is  more  easily  and 
bility,  nay,  eertainiy^  that  the  sun  has  a  proper  more  frcqently  perceived  in  tropical  climates^ 
motion  in  some  direction."  But  it  appears  to  and  particularly  near  the  equator,  than  in  our 
be  yet  undetermined  by  modern  astronomers  country,  because  in  those  parts  the  obliquity 
to  what  point  in  the  heavens  this  motion  is  of  the  equator  and  zodiac  to  the  horizon  is 
directed,  and  whether  it  be  in  a  straight  line  less,  and  because  the  duration  of  twilight  ia 
or  in  a  portion  of  the  circumference  of  an  im-  much  shorter.  Humboldt  observed  this  light 
mense  circle.  If  the  sun,  then,  has  a  proper  at  Caraccas  on  the  18th  of  January,  ailer 
motion  in  space,  all  Uie  planetary  bodies  and  seven  o'clock  in  the  evening.  The  point  of 
their  satellites,  along  with  the  comets,  must  the  pyramid  was  at  the  height  of  53  degrees  ; 
partake  of  it ;  so  that,  besides  their  own  pro-  and  the  light  totally  disappeared  about  half 

Er  motions  around  this  luminary,  they  are  past  nine,  about  3j  hours  afler  sunset,  without 

:ewise  canied  along  with  the  sun  through  any  diminution  in  the  serenity  of  the  sky.  On 

the  depths  of  infinite  space  with  a  velocity  the  15th  of  February  it  disappeared  2*hour8 

perhaps  as  great  as  that  with  which  they  are  and  50  minutes  after  sunset,  and  the  altitude 

carried  round  in  their  orbits.    Our  earth  will  of  the  pyramid  on  both  these  occasions  was  50 

therefore  partake  of  three  motions :  one  round  degrees.  The  following  figiue  exhibits  a  view 
(450)  *^ 
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if  ttuphnMraenoo  uit  uieen  ■bonttbebe-   uniTormly  >ecompuiiet  the  mn,  it  hu  been  ' 

BiiiDi|icofMucn,*tieveiio'dackiD  thecnen-    generallj  ucribed   to  an   almocphere  of  int. 

tnenn  eilenl  BUrrounding  thit  Iuiduibt;,  utd 

Fig.  77.  oilendiag  bejond  the  orbit  of  Mmcuiy.     Ae- 

g  cording  to  tbis  opinion,  the  zodiaciil  light  il 

coniideTtd  u  ■  •Mlioti  of  thU  atiaogpherc ; 

hot  this  opinion  now  appean  oitremelv  di»- 

biont.     ProfcHOT  Olmsted,  of  Yile  College, 

the  celebnited  Arago,  Biot,  and   othen,  an 

now  diapoaed  to  idenli^  this  phenomenal 

with  the  onae  that  producea  the  "  Norember 

Meleora,"  or  ihofiting  ataia,  whicli   hBTB,  of 

late,  excited  ao  grnat  a  degree  of  public  alten- 

tioD.    It  appear*  highly  probable  that  theao 

meleora  derive  their  origin  from  a  nebulotia 

bod;  which  revolTearaUtidlheaiin,  and  which, 

in  certain  parte  of  ita  course,  comee  very  near 

the  orbit  of  (he  earth,  so  ai  to  be  niUiin  ita 

iag,  whcQ  (be  tniligbt  ia    ending,  and  the    attractiTe  power ;  and  if  inch  a  body  be  the 

oquinoctial  point  in  the  boriioa.    A  B  repre-   aource  trbenos  theas  meteors  proceed,  il 


lei.ptMnti 
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,  „  B  snbject  ta  worthy  of  particular 

uebaran,  ita  aiia  attention,  and  future  obaetratiotia  may  not 

wmaing  an  angle  of  between  60  and  70  de-  only  throw  light  on  this  particutar  phenome- 

£re*a  with  the  horiion.  nou,  but  open  to  onr  view  a  species  of  celestial 

Variooa  apmians  ha>e  been  entartained  aa  bodies  with  which  we  were  fbtmerly  unao- 

k«  tbs  cauae  of  this  pbenomengn ;  but  as  it  quamted. 


On  the  tteondary  PhncU  or  Mooth. 

HiTiTS,  in  the  preceding  chapter,  giran  a  bodies  I  shall  present  a  bfief  ikelch  in  the 

detailed  socount  of  the  phenomena  onmected  order  in  which  they  are  here  mentioned, 
with  the  sun  and  the  primary  planets  of  oar 

nstem,  I  aball  now  proceed  to  a  brief  descrip-  i.  oi  Tai  axKTB's  sitiuiti,  aiTHi  xoos. 
twn  of  what  is  known  in  reference  to  the  aa- 

leUitea  or  moon*  which  accompany  several  of        Before  proceeding  to  a  particular  descip- 

die  primary  planets.  tion  of  this  nocturnal  luminary,  I  shall  present 

A  BBcondsiy  planet  or  satellite  il  a  body  a  brief  sketch  of  its  a^onren/ mo/ioiu. 
which  revolvea  around  a  primary  planet  as  The  moon,  tike  all  the  other  celestial  bodies 
the  centre  of  its  motion,  and  which  is  at  the  appears  daily  to  rise  in  an  easterly  direction, 
aame  time  carried  along  with  ita  primary  round  and  to  set  in  the  western  parts  of  the  horizon. 
the  son.  The  aatellitea  form  a  lyslem,  in  coq-  Its  apparent  motion  in  this  respect  ia  similar 
nectjon  with  their  primaries,  nmilsr  to  that  to  that  of  the  sun,  formerly  described,  and  is 
which  the  planets  lorm  in  connexion  with  the  owing  to  the  diurnal  motion  of  the  earth,  lis 
mn.  They  rertdvo  at  difierent  distances  from  rtai  moiion  round  tlie  eazlh  is  in  a  contrary 
their  primaries ;  they  are  regelated  aceoniing  direction,  namely,  from  weat  to  east,  or  in  the 
to  the  lawB  of  Kepler  formerly  alluded  to ;  their  same  diicction  in  which  all  the  planets  mam 
orbila  are  eirdes  or  ellipae*  of  rei?  maderata  Tonnd  the  aun.  Tbia  motion  may  be  traced 
cceentricily  ;  la  their  motions  around  their  every  lonation,  but  more  distinctly  during  the 
primariea  they  describe  areas  very  nearly  pro-  spring  moDthB,  when  the  moon,  in  the  Grat 
poctional  to  the  times ;  and  the  aquares  of  the  quarter,  appear*  in  a  h%h  degreo  of  nordi 
periodical  timea  of  all  the  satellites  belonging  declination,  and  when  its  crescent  ig  some- 
la  each  pteoet  are  in  proportion  to  each  other  timea  visible  within  Ihirty^ii  hoars  of  the 
a*  the  cnbes  of  their  diatancea,  (see  page  S7.)  change.  About  this  period,  on  the  semttd  or 
Tbe  {danets  around  which  satellites  have  been  third  day  of  the  moon  b  age,  il  will  be  seen  in' 
dtacorerad  are,  the  earth,  Jupiter,  Satnm,  and  the  west  after  lunset  at  a  nnall  elevation  above 
UaiiiK    Of  llw  aatellites  belooguig  to  thcae  the  horiion,  and  exiubiting  the  form  of  a 
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■lender  cmoent    On  the  next  evening  it 
will  appear  at  a  ftill  higher  elevation  at  the 
flame  hour,  having  moved  about  thirty  degrees 
further  to  the  east,  and  its  crescent  will  appear 
flomewhat  larger.    Every  succeeding  day  it 
will  appear  at  a  greater  elevation,  and  further 
to  the  east  than  before,  and  its  crescent  will 
appear  larger,  till  about  the  seventh  or  eighth 
day,  when  it  will  be  seen  in  the  south  whan 
the  sup  is  setting  in  the  west,  at  which  time 
it  assumes  the  appearance  of  a  semicircle,  or 
half  moon.    I>uiing  thu  period  the  horns  of 
the  crescent  point  towards  the  east,  the  en- 
lightened part  of  the  lunar  disk  being  turned 
towards  the  sun.    After  the  first  quarter,  or 
the  period  of  half  moon,  the  lunar  orb  still 
keeps  on  its  course  to  the  eastward,  and  the 
portion  of  its  enlightened  disk  is  gradually 
enlarged,  till  about  the  fifteenth  day  of  the 
moon's  age,  when  it  appears  as  a  foil  en* 
lightened  hemisphere,  and  rises  in  the  east 
about  the  time  when  the  sun  is  setting  in  the 
west    In  this  position  it  is  said  to  be  in  oppth 
ntion  to  the  sun,  and  passes  the  meridian 
•bout  nadnight  After  this  period  the  enlight- 
ened part  of  its  disk  gradually  diminishes,  and 
it  rises  at  a  late  hour,  till,  in  the  -oouiBe  of 
seven  days,  it  is  again  reduced  to  a  semicircle, 
and  is  seen  only  during  one  half  of  the  night. 
Some  nights  after  it  appears  reduced  to  a 
crescent,  having  its  points  or  horns  turned  ' 
towards  the  votat,  the  sun  being  then  to  the 
east  of  it    After  this  it  rises  but  a  little  time 
before  the  sun,  and  is  seen  only  eariy  in  the 
morning;  and  its  crescent  daily  diminishes 
till  it  at  length  disappears,  when  it  rises  at 
the  same  time  with  the  sun;  and  after  having 
been  invisible  for  two  or  three  days,  it  reap- 
pears in  the  evening  in  the  west  a  little  after 
sunset    During  this  period  the  moon  has 
made  a  complete  circuits  round  the  heavens 
fix>m  west  to  east,  which  is  accomplished  in 
twenty-nine  days  and  a  hal^  in  which  period 
it  pasaes^rough  all  the  phases  now  described. 
The  progressive  motion  from  west  to  east, 
every  day,  may  be  traced  by  observing  the 
stars  which  fie  nearly  in  the  fine  of  the  moon's 
course.    If  a  star  be  observed  considerably  to 
the  eastward  of  the  moon  on  any  particular 
evening,  on  the  following  evening^  it  will 
appear  about  thirteen  degrees  nearer  the  star, 
and  will  afterward  paos  to  the  eastward  of 
it,  and  every  succeeding  day  will  approach 
nearer  to  aU  the  other  stars  which  lie  near 
the  line  of  its  course  to  the  eastward.    The 
reason  why  the  moon  appears  under  the  differ- 
ent phases  now  descrihsd  will  appear  fi'om 
Ae  following  figure. 

In  this  diagram  8  represents  the  sun;  E 
the  earth;  and  M,  A,  B,  C,  2>,  F,  G,  H, 
the  moon  in  difierent  positions  in  its  orbit 
round  the  earth.    When  the  moen  is  at  St, 


as  seen  firom  the  earth,  her  dark  side  is  eon 
pletely  turned  to  the  earth ;  and  she  is  cona»* 
quenUy  invisible,  as  at  /,  being  nearly  in  th/s 

Fig.  78. 


same  part  of  the  heavens  with  the  sun.  She 
is  in  this  position  at  the  period  termed  new 
moon,  when  she  is  also  said  to  be  in  conjunc' 
Hon  with  the  sun.  When  she  has  moved 
from  Mu>  A9.  small  part  of  her  enlightened 
hemisphere  is  turned  towards  the  earth,  when 
she  appears  in  the  form  of  a  crescent,  as  at  if. 
In  moving  from  Ato  Ba  larger  portion  of  her 
enfightened  hemisphere  is  gradually  tumel 
towards  the  earth ;  and  when  she  arrives  at  ff 
the  one  half  of  her  enfightened  hemisphere  is 
turned  to  the  earth,  and  she  assumes  the  figure 
of  a  half  moon,  as  at  L.  When  arrived  at  C 
she  appears  under  what  is  called  a  gibbous 
phase,  as  at  N,  more  than  one  half  of  her 
enfightened  disk  being  turned  to  the  earth. 
At  D  her  whole  enlightened  hemisphere  is 
turned  to  our  view,  and  she  appears  a  fail 
moon,  as  at  O.  After  this  peruid  she  again 
decreases,  turning  every  day  less  and  less  of 
her  enlightened  hemisphere  to  the  earth,  ao 
that  at  F  she  appears  as  at  P;  at  (r  a  half 
moon  on  the  decline,  as  at  Q;  at  jRT  a  crescent, 
satX  Rf  and  at  M  she  is  again  in  conjunction 
with  the  sun,  when  her  dark  side  is  turned  to 
the  earth  as  before.  The  moon  passes  through 
all  these  changes  in  twenty-nine  days,  twelve 
hours,  and  forty-fbur  minutes,  at  an  average, 
which  is  termed  her  si/nodical  revolution. 
But  the  time  which  she  takes  in  making  one 
revolution  round  the  earth,  from  a  fixed  star 
to  the  same  again,  is  only  twenty-seven  days, 
seven  hours,  and  forty-three  minutes,  which 
uotXtddharperiodicairevoitUion.   For,  after 
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levolodon  is  finisbed,  she  has  a  small  arc  light  reflected  from  the  earth  will  be  neaiiy 
to  deacribe  in  onler  to  get  between  the  sun  equal  to  that  of  thirteen  iiili  moons.  As  the 
and  the  earth ;  because,  in  consequence  of  the  age  of  the  moon  increases,  this  secondary  light 
earth's  motion  in  the  same  direction,  the  sun  is  gradually  enfeebled,  and  after  the  seventh  or 
^peaiB  to  be  advancing  forward  in  the  eclip-  eighth  day  from  the  change  it  is  seldom  visible, 
tic,  and,  of  course,  the  moon  requires  some  This  arises  from  the  diminution  of  the  enlight- 
time  to  overtake  him,  after  having  finbhed  a  ened  part  of  the  earth,  which  then  apiiears 
revolution.  This  surplus  of  motion  occupies  only  like  a  half  moon,  approaching  to  a  cre^ 
two  days,  five  hours,  and  one  minute,  which,  cent,  and,  consequently,  throws  a  more  feeble 
«dd<^  to  the  periodical,  make  the  synodical  light  upon  the  moon,  which  is  the  more  difli- 
revolution,  or  the  period  between  one  new  or  cult  to  be  perceived  as  the  enlightened  part 
lull  moon  and  another.  This  might  be  illus-  of  the  moon  increases, 
trated  by  the  revolution  of  the  hour  and  Rotation  of  the  Mooru — While  the  moon 
minute-hands  of  a  watch  or  clock.  Suppose  is  performing  her  revolution  round  the  earth 
the  }ioar-hand  to  represent  the  sun,  and  a  every  month,  she  is  also  gradually  revolving 
complete  revolution  of  it  to  represent  a  year ;  round  her  axis ;  and  it  is  somewhat  remarkable 
suppose  the  minute-hand  to  represent  the  that  her  revolution  round  her  own  axis  is  per- 
moon,  and  its  circuit  round  the  dial-plate  a  formed  in  the  same  time  as  her  revolution 
month,  it  is  evident  that  the  moon  or  minute-  round  the  earth.  This  is  inferred  from  the 
hand  most  go  more  than  round  the  circle  circumstance  that  the  moon  ahvaya  twma  the 
where  it  was  last  conjoined  with  the  sun  or  same  face  to  the  earth,  so  that  we  never  see 
hoar-hand  before  it  can  again  overtake  it  If,  the  other  hemisphere  of  tiiis  globe.  For  if 
for  example,  they  were  in  conjunction  at  12,  the  moon  had  no  relation  upon  an  axis,  she 
the  minute-hand  or  moon  must  make  a  com'  would  present  every  part  of  her  surface  to 
plete  revolution  and  above  one-twelfth  before  the  earth.  This  does  not,  at  first  sight,  appear 
they  can  meet,  a  little  past  I. ;  for  the  hour-  obvious  to  those  who  have  never  directed  &eir 
hand,  being  in  motion,  can  never  be  overtaken  attention  to  the  subject  Any  one,  however, 
by  the  minute-hand  at  that  point  from  which  may  convince  himself  of  the  fact  by  standing 
they  started  at  their  last  conjunctioru  in  the  centre  of  a  circle,  and  causing  another 

To  a  spectator  placed  on  the  lunar  surface,   person  to  cany  round  a  tenestriai  globe,  with- 
the  earth  would  every  month  exhibit  all  the   out  taming  it  on  its  axis,  when  he  will  see 
phases  c€  the  moon,  but  in  a  reverse  order   every  part  of  the  surfiuxt  of  the  globe  in  su^ 
from  what  the  moon  exhibits  to  the  earth  at   cession ;  and  in  order  that  one  hemisi^ere 
the  same  time.    Thus  (Fig.  76,)  when  the   only  should  be  presented  to  his  view,  he  will 
moon  is  at  Z>  only  the  dark  hemisphere  of  the  find  that  the  globe  will  require  to  be  gradually 
earth  is  turned  towards  the  moon,  and,  conse-  turned  round  its  axis,  so  as  to  make  a  com- 
qaently,  the  earth  would  be  then  invirible ;  so   plete  rotation  during  the  time  it  is  carried 
that  when  it  is  fall  moon  to  us,  it  is  new  moon  round  the  circle.    The  axis  of  the  moon  is 
to  a  lunar  inhabitant ;  as  the  earth  will  then  inclined  88°  20'  to  the  ecliptic,  so  that  it  is 
be  in  conjunction  with  the  sun,  and  nothing  nearly  perpendicular    to  it.  Although  .the 
but  its  dark  hemisphere  presented  to  view,   moon  presents  nearly  the  same  side  to  the 
When  the  moon  is  at  P  a  small  portion  of   earth  in  all  its  revolutions  around  it,  yet  there 
the  enlightened  half  of  the  earth  is  turned  is  perceived  a  certain  slight  variation  in  'his 
towards  the  moon,  and  it  appears  as  a  crescent   respect    When  we  look  attentively  at  the 
M'^hen  she  is  at  Q  the  earth  appears  as  a  half   disk  of  the  moon  with  a  telescope,  we  some- 
rooon ;  when  at  12  a  gibbous  phase ;  and  when   times  observe  the  spots  on  her  eastern  limb, 
she  is  at  1^  the  time  of  new  moon  to  us,  the   which  were  formerly  visible,  concealed  behind 
earth  then  shines  on  the  dark  side  of  the  moon   her  disk,  while  others  appear  on  her  wesftm 
with  a  fiill  enlightened  hemisphere.    It  is   limb  which  were  not  seen  before.    The  spots 
owing  to  this  drcunistanco,  that  when  the   which  appear  on  the  western  limb  withdraw 
new  moon  first  appears  like  a  slender  crescent,   themselves  behind  the  limb,  w^ile  the  spots 
her  dark  hemisphere  is  seen  illuminated  with   which  were  concealed  behind  the  eastern  limb 
a  fdint  light  perceptible  even  to  the  naked   again  appear.    The  same  phenomena  are  ob- 
eye ;  and  with  the  help  of  a  telescope  we  are   served  in  the  north  and  south  limb  of  the 
enabled,  by  this  faint  illumination,  to  distin-  moon,  so  that  the  spots  sometimes  change 
guish  the  prominent  spots  on  this  portion  of    their  positions  about  three  minutes  on  the 
the  hinar  disk.    This  foint  light,  therefore,  is   moon's  disk,  or  about  the  eleventh  part  of  her 
nothing  else  than  the  moonlight  of  the  moon,  diameter.    This  is  termed  the  Uhraiion  of  the 
produoed  by  the  earth  shining  with  nearly  a   moon ;  the  one  her  libration  in  longitude^ 
full  free  upon  the  dark  surface  of  the  moon,   and  the  other  her  libratioti  in  Mtude, 
And  as  the  surface  of  the  earth  is  thirteen       From  what  we  have  stated  above  in  rola- 
timea  larger  than  the  surface  of  the  moon,  the   tion  to  the  phases  and  motions  of  the  moon, 
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it  is  evident  that  the  moon  is  a  dark  body,  like  ib  an  angle  of  5°  9^ ;  so  that,  in  one  pert  of 
the  earth,  and  derives  all  its  light  from  the  her  course,  she  is  above,  and  in  another  belonr 
•UD,  for  its  enlightened  side  is  always  turned  the  level  of  the  earth's  orbit  It  is  owing  to 
towards  that  luminary.  It  likewise  derives  a  this  circumstance  that  this  orb  is  not  eclipsed 
faint  light  by  the  reflection  of  the  sun's  rays  at  every  full  moon  and  the  sun  at  every  new 
from  the  ear&,  in  the  same  way  as  we  derive  moon,  which  would  regularly  happen  did  the 
a  mild  light  from  the  moon.  And  as  the  moon  move  in  an  orbit  exactly  coincident 
earth  has  a^  uneven  sur&ce,  composed  of  with  the  plane  of  the  ecliptic.  The  moon's 
mountains  and  vales,  so  the  moon  is  found  to  orbit,  of  course,  crosses  the  orbit  of  the  earth 
be  diversified  with  similar  inequalities.  It  is  in  two  opposite  points,  called  her  nodes  /  and 
owing  to  these  inequalities,  or  the  roughness  it  is  only  when  the  new  or  full  moon  happens 
of  the  moon's  surface,  that  the  light  of  the  sun  at  or  near  these  nodes  that  an  eclipse  of  the 
ii  reflected  from  it  in  every  direction  ;  for,  if  sun  or  moon  can  take  place ;  for  it  is  only 
the  surface  of  the  moon  were  perfectly  smooth,  when  6he  is  in  si^ch  a  position  that  the  sun, 
like  a  polished  globe  or  speculum,  her  orb  the  moon,  and  the  earth  are  nearly  in  a 
would  be  invisible  to  us ;  except,  perhaps,  at  straight  line,  and  that  the  shadow  of  the  one 
certain  times,  -when  the  image  of  the  sun,  re-  can  fall  upon  the  other.  The  shadow  of  the 
fleeted  from  it,  would  appear  like  a  bright  moon  ialling  upon  any  part  of  the  earth  pro- 
lucid  point  This  may  be  illustrated  by  the  duces  an  eclipse  of  the  sun,  and  the  shadow 
following  vexperiment  Place  a  silver  globe,  of  the  earth  foiling  upon  the  moon  causes  an 
perfectly  polished,  about  two  inches  diameter,  eclipse  of  the  moon.  An  eclipse  of  the  moon 
in  the  sun ;  the  rays  which  fall  upon  it  being  can  only  take  place  at  full  moon,  when  the 
reflected  variously,  according  to  their  several  earth  is  between  the  sun  and  the  moon ;  and 
incidences,  upon  the  convex  suriace,  will  an  eclipse  of  the  sun  can  only  happen  at  new 
oom^  to  our  eye  only  from  one  point  of  the  moony  when  the  moon  cornea  between  the  sun 
globe,  which  will  therefore  appear  a  small  and  the  earth.  Lunar  eclipses  are  visible  in 
bright  spot,  but  the  rest  of  the  surface  will  all  parts  of  the  earth  which  have  the  moon 
appear  dark«  Let  this  globe  then  be  boiled  above  their  horizon,  and  are  every  where  of 
in  the  liquor  used  for  whitening  silver,  and  the  same  magnitude  and  duration ;  but  a  solar 
placed  in  the  sun ;  it  will  appear  in  its  full  eclipse  is  never  seen  throughout  the  whole 
dimensions  all  over  luminous ;  for  the  eflect  hemisphere  of  the  earth  where  the  sun  is 
ef  that  liquor  is  to  take  off  the  smoothness  of  visible ;  as  the  moon's  disk  is  too  small  to 
the  polish,  and  make  the  surface  rough,  and  hide  the  whole,  or  any  part  of  the  sun  from 
then  every  point  of  it  w4l  reflect  the  rays  of  the  whole  disk  or  hemisphere  of  the  earth, 
light  in  every  direction.  Nor  does  an  eclipse  of  the  sun  appear  the 

The  moon  is  nearest  to  the  earth  of  all  the  same  in  all  parts  of  the  earth  where  it  ia 

celestial  bodies,  and  is  a  constant  attendant  visible,  bat  when  in  one  place  it  is  total,  in 

upon  it  at  all  seasons.    Her  distance  from  the  another  it  is  only  partial, 
centre  of  the  earth  is,  in  jound  numbers,  240,-       The  moon's  orbit,  like  those  of  the  other 

000  miles,  or  somewhat  less  than  a  quarter  of  planets,  is  in  the  form  of  an  ellipse,  the  eccen' 

amilUon;  which  is  little  more  than  the  fourth  irieiti/  of  which  is  12,960   miles,  or  about 

part  of  the  diameter  of  the  sun.    Small  as  1-37  part  of  its  longest  diameter.    The  moon 

this  distance  is  compared  with  that  of  the  is,  therefore,  at  different  distances  from  the 

other  planets,  it  would  require  five  hundred  earth  in  different  parts  of  her  orbit     When 

days,  or  sixteen  months  and  a  half,  for  a  at  the  greatest  distance  from  the  earth,  she  is 

steam-carris^  to  move  over  the  interval  which  said  to  be  in  her  apogee  ;  when  at  the  least 

separates  us  from  the  lunar  orb,  although  it  distance,  in  her  perigee*    The  nearer   the 

were  moving  day  and  night  at  the  rate  of  moon  is  to  the  periods  of  full  or  change,  the 

twenty  miles  every  hour.    In    her  motion  greater  is  her  velocity ;  and  the  nearer  to  the 

round  the  earth  every  month,  she  pursues  her  quadratures,  or  the  periods  of  half  moon,  the 

course  at  the  rate  of  2300  miles  an  hour,  slower  she  moves.     When  the  earth  is  in  its 

But  she  is  carried  at  the  same  time,  along  perihelion,  or  ^nearest  the  sun,  the  periodical 

with  the  earth,  round  the  sun  every  year,  so  time  of  the  moon  is  the  greatest    The  earth 

that  her  real  motion  in  space  is  much  more  is  at  its  perilielion   in   winter,  and,  conso- 

lapid  than  what  has  now  been  stated ;  or  quenly,  at  that  time  the  moon  will  describe 

while  she  accompanies  the  earth  in  its  motion  the  largest  circle  about  the  earth,  and  her 

round  the  sun,  which  is  at  the  rate  of  68,000  periodical  time  will  be  the  longest ;  but  when 

miles  an  hour,  she  also  moves  thirteen  times  the  earth  is  in  its  aphelion,  or  furthest  from 

round  the  earth  during  the  same  period,  which  the  sun,  which  happens  in  summer,  she  will 

is  equal  to  a  course  of  neariy  twenty  millions  describe  a  smaller  circle,  and  her  periodical 

of  miles.  time  will  be  the  least,  all  which  circumstances 

The  moon's  oibit  is  inclined  to  the  ecliptic  are  found  to  agree  with  observation.    Thcae 
(454) 
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and  muf  otW  irregulvitiei  in  ihe  motion  no  other  view  of  the  moon  but  >t  this  twriod, 
wt  ibu  orh,  which  it  would  bo  too  lodioua  lo  we  ihould  Bcareely  be  &ble  to  delermine  whe- 
puticuLuize,  uiw  (torn  the  stlraclive  influ-  ther  mountain!  and  'vsles  eiiBleJ  on  thii  orb. 
nice  of  tho  nm  upon  tbe  lunar  orb  in  dif-  The  view  of  the  full  moon,  therElore,  bow- 
Inent  circunutaiiFa  and  in  ditlerent  parts  of  ever  bemilirul  and  taiie^ted,  can  gi'e  ua  no 
ill  counv!,  so  u  to  prodnce  ditlerfnc  degrooa  Bcrurote  idea  of  the  mountain!,  vales,  ravemi, 
of  accelerated  and  retarded  motion.  The  and  other  geographical  auanjfoinent!  which 
inrguiaritiea  of  the  moon'i  tziotion  t»ve  in-    diTcrwfj  lU  sur&ce. 

•jucnit;  puided  asttODomers  and  malhemati-  Lunar  Moutilaira. — 71)>t  the  aurince  of 
daiu,  and  thej  render  the  calculationa  of  hiT  the  moon  ii  diTeraiiied  with  monntaina  or  high 
true  place  in  the  beaTeiis  a  work  of  conai-  elevations,  ia  evident  from  an  inspectiou  of  its 
derible  labour.  No  leas  than  thirty  equation*  disk,  even  with  a  common  telncope.  Thej 
require  to  be  applied  to  tbe  rnfun  loni^Iude  are  recognized  from  varioua  circumslance*. 
In  Older  to  obtain  tiie  tru*.  arid  about  twentj-  t.  From  the  appearance  of  the  boundary 
four  equations  fot  her  latunde  and  paialtai;  which  aepantea  the  dark  from  (he  enlightened 
but  to  enter  minutely  into  such  particulars  hemisphere  of  the  moon.  This  boundary  ii 
would  afiord  little  salislaction  to  genera]  not  a  atraight  hne  or  a  regular  curve,  aa  it 
teaderb  would  be  if  the  moon  were  a  perfectly  amooth 

DctcripHon  of  Ike  turface  of  tht  Moon,  at    globe,  but  uniformly  presents  an  nncven   or 
■cm  Iktvtufh  Idaa^a. — Of  all  the  celestial    ja^ed  appearance,  cut,  aa  it  were,  into  nnmo-  ^ 

boJin.  the  telescopic  vieir  of  the  moon  pre-  roua  nolchca  and  brealia  somewhat  resemblinft 
MRU  the  moBl  interesting  and  variegated  ap-  the  teeth  of  a  saw,  which  appearance  on 
pearar^ce.  We  perceive,  as  it  were,  a  map  or  only  be  produced  by  elevaljona  and  depres- 
■Dodrl  of  another  world,  resembliiiB  in  aome  nous  on  (he  lunar  iiir&ce  (Fig.  79.^  S.  Ad- 
of  its  praminent  features  the  world  in  which 

we  dwell,  but  diaering  from  it  in  many  of  iu  'V-  ^ 

minute  arnuigenKinta.  It  bears  a  certain  ana- 
logT  to  the  earth  in  souk  of  tbe  mountaini 
and  vales  which  diversify  it!  suifsce ;  bat  tba 
general  form  and  arrangement  of  these  elevi- 
tiaos  and  depresaione,  and  the  scenery  the; 
present  to  a  spectator  on  the  lunar  aurftct^ 
ire  very  dillerent  from  what  we  behold  in  oui 
terrestrial  landacapea.  When  we  view  tbe 
moon  with  >  good  telesropc  when  about  three 
days  old.  we  perceive  a  number  of  elliptica] 
•pot!  with  slight  shadow!,  evidently  indicating 
cleTaLiona  and  depresdons ;  we  alao  perceive 
■  number  of  bright  apecka  or  slud^  in  th« 
(Uik  heniiapbere,  immediately  adjacent  to  the 
enUgbtened  creaceDt,  and  the  biundary  be- 
tween the  dark  and  the  enlightened  portiOD 
1^  Ihe  (liak  appears  jagged  and  uneven.  At 
thi*  lime,  too,  we  perceive  the  dark  part  of 
the  moon  covered  with  a  ftint  tight;  so  that 
(he  wbide  circular  outline  of  the  lunar  bemi- 
i^bere  may  be  pkiiJj  discerned.  When  ws 
tate  a  view  of  the  lunar  snrlaFe,  st  the  period 
ef  half  moon,  we  behokl  a  greater  variety  ot 
objects,  and  the  ^ladowa  of  tbe  moiintaim 
u>d  caverns  appear  larger  and  more  promi- 
nenL  This  ii,  cm  the  whole,  the  best  time 
for  taking  a  lelescoinc  view  of  the  surface  of 
Ae  mooD.  When  we  view  her  when  ad- 
VBOctd  to  a  gibbons  phase,  we  see  a  still 
greater  eilentof  the  surface,  bat  the  shadow* 
of  the  dillerent  objecta  are  shorter  and  leai 
distinct  At  (he  time  of  full  moon,  no  ^a- 
dows  either  of  tbe  mountains  or  cavema  are  ; 
petreptible,  bnt  ■  variety  of  dark  and  bright    ' 

Aieaki  and  patches  appear  distributed  in  dif-    jacent  to  die  boandary  between   light  and  ^ 

facia  ihanei  over  all  its  surface.    If  we  had   darkneas,  and  unihin   the  datic  part  of  the  P 
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Boon,  there  are  teen,  in  almost  svery  atage  of        The  lunar  mountaina  in  general  eibibil  an 

tlw  moon'ff  increaae  and  dM^reaae,  a  number    arrangement  and  on  aspect  very  dlEferenClrocri 

ot  shining  pmiitt  lUtiB    the   mountain   acenerr  of  our  globe.     Tticj 

Fig.  80.  MaratCampietely  «epa-   may  be  arrsogeJ  into  the  foar  fallowing  va- 

ratod  from  the  enli^bt-    rietieH:    1.  Inaulaied  mourtlaini,  Vfhich    rise 

eoed  parts,  and  aooie-   from  plains  nearly  level,   like  a  sugar  loaf 

Itimea      ether     small    placed  on  s  tablcjuid  which  may  be  suppoard 
■piizea      or      atrealis    to  present  an  appearance  aomewhal  oraibr  fo 
which  join  to  tlio  en-    Mount  Etna  or  the  peak  of  Tcneiiffc.    The 
lightened  saHiKfl,  but    sbadowi  of  these  mountains,  in  certain  pbaaes 
run  out  into  the  dark    of  the  moon,  are  as  distinctly  perceived  m  the 
aide,  which  gradually    ibodon  of  on  upright  ataff  nhen  placed  op|io- 
change    their    figure    site  U>  the  gun  ;  <ind  their  beighta  can  be  chI- 
till    at    length    Ihcy    cutated  from  the  length  of  their  ihadaws.  The 
come    wholly     with-    heights  and  the  length  of  the  base  of  mare 
in     the     enlightened   than  eeveuly  of  these  iDoantains  have  been 
boundary.     These   shining  points  or  streaks    calculalod  hyM.  Schroeter,  whohad  long  sur- 
tn    aicertuned   to   bo   the    tops  or  highest    veyed  the  lunar  face  with  powerful  telescopes, 
ridges    of    mountains    which   the    sun    Gmt    and  who  some  time  ago  published  the  result 
ttiUghloni   before    his    rays    Can   reach    the    of  bii  observations  in  a  work  entitled  "Frag- 
ments of  Selenography."     Thtrly  of  these  in- 
Fig.  BI.  BQlstcd  mountains  are  from  3  to  5  milea  in 

perpenJicular  height;    thirteen   are   abore  4 
,  miles;  end  about  for^  arc  irnm  a  quarter  of  a 
mile  Ui  two  miles  in  altitude.     The  length  of 
their  baaos  varies  from  3  j  to  96  miles  in  ex- 
tenL     Some  of  these  mauntaini  will  present 
a  very  grand  and  picturesque  proepect  around 
the  plains  in  nhich  they  aland.    3.  Ranga 
of  mouittaim,  eitendiiig  in  length  two  or 
three  hundred   miles.     Tbe»  ranges  bear  a 
distant  resemblsnce  to  oar  Alps,  Apennines, 
and  Andes,  but  tliey  are  much  less  in  eitent, 
and  do  not  tbrm  a  very  pronunent  feature  of 
tile  lunar  surface.     Some  of  them  eppear  very 
ragged  and  precipiloes.and  thf  highest  ranges 
are,  in  some  places,  aliote  four  miles  in  per- 
pendicular altitude.     In  some  instances  they 
Tafleya ;  just  as  the  beams  of  the   risiDg  sun    ran  nearly  in  a  straight  line  from  north-east  to 
irradiate  our  mountain  tops  before  the   lower    aoDth-west,  ae  in  that  range  called  the  Apm- 
partsoC  the  landscape  are  enlightened.   3.  The    m'tiofy   in  other  cases  they  assume  th  a  form 
■AdJinM  of  the  mountains,  when  they  are  fiilly    of  a   semicircle    or  s  eresccnL     3.  Auothei 
enlightened,  are  distinctly    dass  of  the  lunar  mountains  is  the  drcjilar 
Fig.  BX  seen  near  the  border  of  the   nn)g«(  which  appear  on  almost  every  part  of 

illuminated    part    of   the    the  moon's  surface,  particularly  in  its  southern 
moon,  as  the  shadows  of    regions.  This  is  one  of  the  grand  pccuharitiea 
elevated  objects  ore  aeea   of  the  lunar  ranges,  to  which  we  have  nothing 
I    on    the    lerreslrial    land-    similar   in  our   terrestrial   arrangementa.     A 
I   scape.  T^eae  shadows  are    plain,  and  eonnlimcs  a  largo   cavity,  is  sur- 
r  longestand  most  distinctly    rounrled  with  a  eirculor  ridge  of  mountains, 
marked  about  the  time  of  which  encompasses  it  like  a  laighly  rampart. 
half  moon  ;  and  they  grow    These  annular  ridges  and  plains  are  of  all  iK- 
ahorter  as  the  lunar  orb  ad-   ntensions,  from  a  mile  to  iin^  or  fitly  miles  in 
vances  to  the  period  of  full  diameter,  and  are  to  be  seen  m  groat  numbers 
moon,  in  the  same  way  aa    over  every  re^on  of  the  moon'a  surfsce.   The 
the  shadows  of  terrestrial  objects  in  auminer   mountains  which  form  these  rtdgeit  are  of  dif- 
giadually  shorten  as  the  sun  approaches  the    ferenl  elevations,  from  one  fifth  ofa  mile  to  3) 
meridian.     These' cmaderalions  demonstrate,    miles  in  altitude,  and  their  shadows  sometime* 
beyond  the  possibilLty  of  doubt,  that  mountains   cover  the  one  half  of  the  plain.    Theae  plains 
of  very  considerable  altitude  and  in  vast  va-    are  sometimes  on  a  level  with  the  general  anr- 
riely  of  forms  abound  hi  almost  every  region   lace  of  the  moon,  and  in  other  cases  (hey  ara 
«f  the  moon.  simt  a  mile  or  mtao  below  the  level  of  Iha 

466) 
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gimnd  which  nmunndi  Ihe  fxferiar  circle  of 

ihe    DKiantain*.     In    some  of  these    ciicnlu' 

ji  liJsn  1  have  perceiTed  ■  narrow  piui  or  open- 

3  ioe.  u  if  intcDded  to  Ibrra  an  easy  pawage  or 

I  commuiiicaliOD  betnecn  the  interior  pUin  and 

"  the  regioDB  beyond  the  eiierior  of  the  moun- 

1  liina.     4.    The   next  vaiie^  b   the  central 

I  mounlianM,  or  those  which  are  placed  in  the 

I  tnulille  of  circuiar   plaiiu.     In  manj  of  the 

I  plain!   and    csntiu    ■utroamled  bj  annular 

f  diountaina    Ibete   is   an  insulated  mountain, 

which  risea  from  the  centre  of  the  plain,  and 

whose  ahadow  aometimci  BilendB,  in  a  pym- 

midal  forni,  acreas  (ho  semidiamcter  of  tho 

plain  lo  the  oppcwile  ridf^a.     These  central 

tnonntaina  are  ^ncrallj  from  half  a  mife  to  a 

mile  and  a  half  in  perpendicidsr  aUitudE.     In 

some  iuEtanca  ihey  have  two  and  sometimes 

tbreo  separate  tops,  whose  distinct  ahadows 

can  be  easilj  distinguidied.     Somelimei  Ihej 

■re  situated  tawaids  one  side  of  the  plain  or 

csTily,  but,  in  the  great  majority  of  iostances, 

their  positian  is  nearli^  or  exactly  central.  The 

lenglhs  of  iheir  bases  vary  from  fire  to  about 

fifteen  or  siiteen  miles. 

The  preceding  fignrei  may  perhaps  convoy 
•  rude  idra  of  some  of  the  objecti  now  de- 
Fig.  83. 


would  reqnin  to  be  engraved  on  a  much  more 
eilenMve  scale  than  our  page  admits  to  shDW 
distinctly  the  elcvationa  and  depresnons  at 
tat  boundety  between  light  and  darkness. 
Pif.  85  (No*.  1  and  3)  represent  some  de- 
ladwd  spots  near  the  lino  which  separated 
the  dark  and  eDlightrnod  parts  of  the  moon. 


scribed ;  but  it  is  impossible,  by  any  delinea- 
tions, to  convey  an  idea  of  the  pecuNarilie* 
and  llie  vast  variety  of  sccnetj  which  the  - 
lunar  sur&ce  presents,  such  as  is  exhibited 
by  a  powerful  telescope  during  the  difler-  . 
ent  stages  of  the  increase  and  decrease  nf  the 

Fig.  79  represents  the  moon  in  a  crescent 
phase,  for  the  purpose  of  showing  how  the 
enlightened  lope  of  the  mountains  appear  on 
the  dark  part  of  the  moon,  detached  as  it 
were  from  the  enligbtened  part,  and  likewise 
lo  show  how  Ihe  boundary  between  the  light 
and  darkness  appears  jagged  and  uneven, 
ijidicating  the  existence  of  elevations  and 
depreseione  upon  its  surface.  Fig.  BO  repre- 
sents a  circular  or  elliptical  mnge  of  moun- 
tains, surrounding  a  plain  of  the  same  shape, 
where  the  shadow  of  that  side  of  the  range 
which  is  opposite  to  the  sun  appcan  oorering 
the  hair  of  the  plain.  Fig.  81  i^presrnts  a 
drrular  plain,  with  tbo  shadow  of  one  side 
of  the  monnlaiiis  which  encompass  il,  and  a 
eadral  mountain  with  its  shadow  in  the  seme 
direction.  Fig.  83  eihibits  another  of  these 
circular  ridges  and  plaim.  Sevcml  hiinilreds 
of  these  circular  cavities  and  plains  trf  dis- 
Itihuled  over  the  lunor  aurrace, 
but  Ihey  ue  most  abundant  in  the 
southern  regions. 

Fig,  83  exhibits  a  prolfj  correct 
view  of  Ihe  full  moon,  ns  seen 
through  •  lelcsFopo  magnllying 
above  a  hundred  times,  in  which 
Ihe  darker  shades  rcprfftcnl.  foi 
the  most  part,  Ihe  Itvtt  portions 
of  the  moon's  surfecc.  and  the 
lighter    ^adea    thoso   wbii-h    are 

The  bright  spot  near  the  bottom, 
from  which  streaks  or  streams  of 
light  seem  to  proceed,  is  railed 
Tydio  by  some,  and  Moiinl  EIna 
by  others.  It  consist*  of  a  large 
irregular  cavity,  surrounded  hy 
mounlains ;  and  the  stieats  of  light 
are  the  elevati>d  ridges  of  ranges 
of  mounteina,  wbich  seem  to  con- 
verge towards  it  as  to  a  centre. 
This  ia  the  most  variesated  and 
mountsinons  region  of  the  lunar 
surface.  Fitf.  84  is  a  view  of  the 
moon,  hastily  taken,  when  in  a 
pibbous  phase.  The  shadows  were 
then  comparatively  short,  and  it 
From  what  has  been  now  stated  respecting 
the  lunar  mountains,  il  will  evidently  appear 
that  there  most  be  a  great  variety  of  sii!>lima 
and  picturesque  scenery  connected  with  the 
various  landscapes  of  the  moon.  If  tlie  sur- 
face of  tfast  orb  be  adorned  with  a  diversity  of 
colour  and  with  something  an^ogons  to  ItM 
2  «  14571 
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•rageUtioDof  OUT  gla'ic,  there  must  be  present-   variety  of  icenci  ilu^tber 

•d  to  the  j'lBW  of  a  qwctalor  in  the  moon  K    nhkh  we  cui  contemplate  on   this  earth. 

Tig.  S4.  The  circulu  plains  atul  moan- 

Uiiw  nill  preeent  three  or  four 

™iioti*«  of  proapert,  rf  which 

we   have   no   eiamplcs  On  our 

^obe.     In   the   first    place,   a 

qieclstor  nciir  Itie  nitddie  of  lUe 

plane    will     behold     his     view 

bounded    on   every   h:uid    by  a 

chain  of  lol\y  mountains,  at  (he 

diHlauee    of   5,    10,    15,   or    20 

milpB,  acconling  to  the  diameter 

of  the  plain ;  and  as  the  tops  of 

these  mountains  are  at  different 

clevntiona,  Ihry  will  exhibit  ■ 

varitiy  of  mountain  scenery.  In 

the  next  plaee,  when   slandii^ 

on  the  lop  of  the  central  mourt- 

tain,  the  whole  plain,  with  it* 

diveraified  objects,  will  be  open 

to  his  view,  which  vriti  likcwiss 

take  in  all  the  variety  of  objects 

connected    with     the      circular 

mouM Tain-range    wbieh    bounjs 

bis    prosppcL     A   third    variety 

of  view  will    be    piesented   in 

travelling  round  the  plain,  where 

i    tUc  various  ar^pecls  of  tbe  central 

>  mountain  will  present,  at  every 

i  Mage,  a  new  hmdscape  aiirl  a 

^  divereily  of  prospect.     Another 

'  view,  still   more  eilensi™,  will 

be  obtained  by  ascending  to  tbe 

summit  of  the  circular  range, 

where  the  whole   plain  and   its 

„  ,—         ,        central  mountain  will  be  ftill  in 

Fig.  85.  (No.  1.)  Fig.  e-l.  (No.  3.)       ,i^_  ,„j  ,  p„,p^,  ^a\,  at  the 

■ame  ttmo,  be  opened  of  a  portion  of  Idow  re-  Bublinic  motmlain.secnerf,  and  of  picturesque 

gions  which  lie  beyond  tho  fxlerlor  bnundarr  ol^ects  connected  with  it,  on  the  lunar  surface, 

of  the  mountains  \i^c  Fig.  81.)     A  diversity  thsn  what  is  presented  to  our  view  in  Icrre*- 

of  scj^nery  will  likewise  he  presented  by  the  trial  landscapes. 

ihaitoiet  of  the  cin-ular  ranije  and  the  central        TAe  Lunar  Carerm. — These  form  a  ver^ 

mountain.   When  the  son  isinlhehnrizon.the  peculiar  and  prominent  feature  of  the  moona 

whole  plain  will  be  enveloped  in  the  shadows  surfiice,  and  are  to  be  seen  throughout  almost 

of  the  mountains,  even  after  daylight  beijins  every  region ;  but  are  most  nunwroua  in  the 

10  appear.     Those  shadows  will  grow  shorter  soulh-west  part  of  the  moon.     Nearly  a  hun- 

and  shorter  as  the  sun  riws  in  the  heavens  ;  dred  of  them,  great  and  small,  may  be  dlstin- 

hul  a  space  of  time  equal  to  one  or  two  of  our  guished  in  that  quorter.    They  are  all  nearly 

^aja  will  intervene  before  the  hodyofthe  sun  of  a  circnlar  shape,  and  appear  like  a  very 

is  nrcn  from  the  opposite  side  of  the  plain,  shallow  et(gH:up.   The  smaller  cavities  appear 

ri^in?  above  the  mounliun  tops;  and  a  still  within  almost  like  a  hollow  cone,  with  the 

longer  space  of  time  before  his  direct  raya  are  sides  tapering  towards  the  centre  ;  hut  the 

seen  at  the  oppomta  eitremily.  These  shadows  Isrger  ones  have,  for  the  most  part.  Oat  bo[> 

are  pontinually  varyine;  during  the  increase  toms,fronithe  centre  ofwhirh  theiefirquenlly 

of  the  moon  they  are  thrown  in  one  direction,  rises  a  amoH  steep  eonical  hilt,  which  gi»Bi 

and  daring  the  decrease  in  a  direction  exactly  them  a  resemblanre  to  the  annular  ridgea  and 

opposite ;  and  it  is  only  about  the  time  of  fiiH  central  mountains  above  described,     tn  soma 

moon  that  every  part  of  the  plnin,  and  the  instances  their  margins  are  level  with  tlw 

mountain*  which   surround  it.  are  fullv  en-  general  snrface  of  the  moon,  but  in  most  raaei 

lightened,  and  the  shadows  disappear.    There  they  are  encircled  with  a  hlifh  annnlar  riilgs 

mast,  thrvftre,  b«  a  far  greater  variet*  of  of  miuntains  marked  with  lofty  peaks.   Som* 
(4S81 
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I  of  the  lax^r  of  these  canities  contain  smaller  posed  to  be  confirmed  by  the  appearance  ot 

>  eaTitiea  of  the  same  kind  and  form,  particu-  certain  luminous  points,  which  were  occasion- 

^  hrly  in  their  aides.     The  mountainous  ridges   ally  seen  on  the  dark  part  of  the  moon.     Pur- 

which  surround  these  cavities  reflect  the  ing  the  annular  eclipse  of  the  sun  on  the  24th 
greatest  quantity  of  light;  and  hence  that  of  June,  1778,  Don  UUoa  perceived,  near  the 
region  of  the  moon  in  which  they  abound  north-west  limb  of  the  moon,  a  bright  white 
appeare  brighter  than  any  other.  From  their  spot,  which  he  imagined  to  be  the  light  of  the 
hing  in  every  possible  direction,  they  appear,  sun  shining  through  an  opening  in  the  moon. 
St  and  near  the  time  of  full  moon,  like  a  This  phenomenon  continued  about  a  minute 
number  of  brilliant  streaks  or  radiations,  and  a  quarter,  and  was  noticed  by  three  diffcr- 
Thcse  radiations  appear  to  converge  towards  ent  observers.  Beccaria  observed  a  similar 
a  large  brilliant  spot  surrounded  by  a  feint  spot  in  1772.  M.  Bode,  of  Berlin,  M.  de 
shade,  near  the  lower  pert  of  the  moon,  which  Villeneuvc,  M.  Nouct,  Captain  Kater,  and 
is  known  by  the  name  of  Tycho,  and  which  several  others,  at  different  times  observed  simi- 
every  one  who  views  the  full  moon,  even  with  lar  phenomena,  some  of  which  had  the  ap- 
a  common  telescope,  ma}  easily  distinguish,  pearance  of  a  small  nebula,  or  a  star  of  the 
In  regard  to  their  dimennonSj  they  are  of /all  sixth  magnitude,  upon  the  dark  part  of  the 
sizes,  from  three  miles  to  fifty  miles  m  dfui-  lunar  dink.  Sir  W.  Herschel,  in  1787,  oh- 
meter  at  the  top ;  and  their  depth  below  the  served  dmilar  phenomena,  which  he  ascribes 
general  level  of  the  lunar  suriace  varies  from  to  the  eruption  of  volcanoes.  The  following 
one-third  of  a  mile  to  three  miles  and  a  half,  is  an  extract  from  his  account  of  those  pheno' 
Twelve  of  these  cavities,  as  measured  by  mena:  '*  April  19,  1787,  lOA.  36m.  I  per- 
Schroeler,  were  found  to  be  above  two  miles  ceive  three  volcanoes  in  diSerent  places  of  the 
in  perpendicular  depth.  These  cavities  con-  dark  part  of  the  new  moon.  Two  of  them 
slitute  a  peculiar  feature  iu  the  scenery  of  are  already  nearly  extinct,  or  otherwise  in  a 
the  moon,  and  in  her  {^ysical  constitution,  state  of  going  to  break  out ;  the  third  shows 
which  bears  scarcely  any  analogy  to  what  we  an  eruption  of  fire  or  luminous  matter.  The 
observe  in  the  physical  a^angements  of  our  distance  of  the  crater  from  the  northern  limb 
globe.  But,  however  difierent  such  arrange-  of  the  moon  is  3'  57'';  its  light  is  much  brighter 
ments  may  appear  from  what  we  see  around  than  the  nucleus  of  the  comet  which  M.  Me- 
ns in  the  landscapes  of  the  earth,  and  however  chain  discovered  at  Paris  on  the  10th  of  this 
nntikely  it  may  at  first  sight  appear  that  such  month.'"  "April  20,  lOA.  The  volcano  burns 
places  should  be  the  abode  of  intelligent  with  greater  violence  than  last  night ;  its  dia- 
beings,  I  have  no  doubt  that,  in  point  of  meter  cannot  be  less  than  three  seconds ;  and 
beauty,  varie^,  and  sublimity,  these  spacious  hence  the  shining  or  burning  matter  must  be 
hollows,  with  all  their  assemblage  of  circular  above  three  miles  in  diameter.  The  appear- 
and central  mountain-sceneiy,  will  exceed  in  ance  resembles  a  small  piece  of  burning  char- 
interest  and  grandeur  any  individual  scene  we  coal  when  it  is  covered  by  a  very  thin  coat 
can  contemplate  on  our  globe.  We  have  only  of  white  ashes,  and  it  has  a  degree  of  bright- 
to  conceive  that  such  places  are  diversified  and  ncss  about  as  strong  as  that  with  which  such 
adorned  with  all  the  vegetable  scenery  which  a  coal  would  be  seen  to  glow  in  faint  day- 
we  reckon   beautiful  and  picturesque  in  a   light.'' 

terrestrial  landsc^w,  and  with  objects  which  Such  are  some  of  the  phenomena  from 
are  calculated  to  reflect  with  brilliancy  the  which  it  has  1>een  concluded  that  volcanoes 
sdar  rays,  in  order  to  give  such  an  idea  of  exist  in  the  moon.  That  such  appearances 
the  grandeur  of  the  scene.  And  that  the  ob-  indicate  the  existence  of  fire  or  some  species 
jects  connected  with  these  hollows  are  formed  of  luminosity  on  the  lunar  surface,  is  readily 
of  substances  fitted  to  reflect  the  rays  of  the  admitted ;  but  they  by  no  means  prove  that 
son  with  peculiar  lustre,  appears  from  the  any  thing  similar  to  terrestrial  volcanoes  exist 
brilliancy  which  most  of  them  exhibit  when  in  that  orb.  We  err  egregriously  when  we 
cither  iwrtially  or  wholly  enlightened ;  pre-  suppose  that  the  arrangements  of  other  worlds 
senting  to  view,  especially  at  f^U  moon,  the  must  be  similar  to  those  on  our  globe,  espe- 
most  luminous  portions  of  the  lunar  surface,  cially  when  we  perceive  the  surface  of  the  moon 
•0  that  former  astronomers  were  led  to  com-  arranged  in  a  manner  so  very  diflerent  from 
pare  fhem  to  rocks  of  diamond.  that  of  the  earth.  We  have  no  right  to  con- 

Wheiker  there  he  any  evidence  of  Voka-  elude  that  burning  mountains  abound  in  the 
noet  in  the  3fboyi.>— From  a  consideration  of  moon  because  these  are  the  only  large  streams 
the  broken  and  irregular  ground,  and  the  deep  of  fire  that  occasionally  burst  forth  from  cer^ 
caverns  which  appear  in  different  parts  of  the  tain  points  on  our  globe.  For  there  are  many 
moon's  surface,  several  astronomers  wore  led  other  causes  of  which  we  are  ignorant,  and 
to  conjecture  that  such  irregularities  were  of  which  may  be  peculiar  to  the  moon,  which 
volcanic  origin.    These  conjectures  were  sup-  may  produce  the  occasional  gleams  or  illumi- 
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nations  to  wliich  we  allude.  The  confiagni-  dark  spots,  of  different  dimensioiis,  iome  of 
tion  of  a  large  forest,  such  as  happened  a  few  which  are  visible  to  the  naked  eye.  These 
years  ago  at  Miramichi,  the  blazing  of  large  spots^intheearlyobservationsofthe  moon  with 
tracts  of  burning  heath,  the  illumination  of  a  telescopes,  were  generally  supposed  to  be  large 
large  town,  or  the  conflagration  of  such  a  city  collections  of  water  similar  to  our  seas,  anid 
as  Moscow,  would,  in  all  probability,  present  the  names  given  them  by  Hevelius,  such  aa 
to  a  spectator  in  the  moon  luminous  specks  Mare  Cruium,  Mare  Imbnum^  dec,  are 
such  as  those  which  astronomers  have  ob*  founded  on  this  opinion.  The  general  smooth* 
served  on  the  dark  portion  of  the  lunar  orb.  ness  of  these  obscure  regions,  and  the  con- 
Such  luminosities  in  the  moon  may  possibly  sideration  that  water  reflects  less  light  than. tlie 
bo  of  a  phosphoric  nature,  or  a  mere  display  land,  induced  some  astronomers  to  draw  this 
of  some  brilliant  artificial  scenery  by  tho  in*  conclusion.  But  there  appears  no  solid  ground 
habitants  of  that  planet  Schroeter  is  of  opi-  for  entertaining  such  an  opinion ;  for,  in  the 
nion  that  most  of  these  appearances  are  to  first  place,  when  these  dark  spots  are  viewed 
be  ascribed  to  the  light  reflected  from  the  earth  with  good  telescopes,  they  are  found  to  con- 
to  the  dark  part  of  the  moon's  disk,  which  re-  tain  numbers  of  cavities,  whose  shadows  are 
turns  it  from  the  tops  of  the  mountains  under  distinctly  perceived  felling  within  them,  which 
various  angles,  and  with  different  degrees  of  can  never  happen  in  a  sea  or  smooth  liquid 
brightness ;  and  from  various  observations  I  body ;  and  besides,  several  insulated  moun- 
,have  made  on  the  dark  portion  of  the  moon,  tains,  whose  shadows  are  quite  perceptible,  are 
when  about  two  or  three  days  old,  and  from  found  here  and  there  in  these  supposed  seas, 
the  degree  of  brightness  with  which  some  of  In  the  next  place,  when  the  boundary  of  light 
the  small  spots  have  frequently  appeared,  I  and  darkness  passes  through  these  spots,  it  is 
am  disposed  to  consider  this  opinion  as  highly  not  exactly  a  straight  line  or  a  regular  curve, 
probable.  as  it  ought  to  he  were  those  parts  perfectly 

The  existence  of  volcanoes  on  our  globe  is  level  like  a  sheet  of  water,  but  appears  slightly 

scarcely  to  be  considered  as  a  part  of  its  ori-  jagged  or  uneven.    I   have  inspected  these 

ginal  constitution.    Such  appalling  and  de-  spots  hundreds  of  times,  with  powers  of  150, 

structive  agents  appear  altogether  inconsistent  180,  and  230  times,  and  in  every  instance, 

with  the  state  of  an  innocent  being  formed  and  in  every  stage  of  the  moon's  increase  and 

after  the  Divine  image;  and,  therefore,  we  decrease,  gentle  elevations  and  deprcsmons 

have  no  reason  to  believe  tliat  they  existed  in  were  seen,  similar  to  the  wavings  or  inequali- 

the  primitive  age  of  the  world,  while  man  re-  ties  which  are  perceived  upon  a  plain  or  coun- 

maincd   in  his  paradisiacal  state,  but  began  try  generally  leveL    There  are  scarcely  any 

to  operate  only  after  the  period  of  the  uni-  parts  of  these  spots  in  which  slight  elevations 

versal  deluge,  when  the  primitive  constitution  may  not  be  seen.    In  many  of  them  the  light 

of  our  globe  was  altered  and  deranged,  and  and  shade,  indicating  the  inequality  of  sur- 

when  earthquakes,  storms,  and  tcinposts  began,  face,  are  quite  perceptible ;  and  in  certain  parts 

at  the  same  time,  to  exert  their  destructive  ridges  nearly  parallel,  of  slight  elevation,  with 

energies.     They  are  thus  to  be  considered  as  interjacent  plains,  are  distinctly  visible.   These 

an  evidence  or  indication  that  man  is  no  longer  dark  spots,  therefore,  must  be  considered  as 

in  a  state  of  moral  perfection  and  that  his  ha-  extensive  plaint  diversified  with  gentle  elcva- 

bitation  now  corresponds  with  his  character  as  tions  and  depressions,  and  consisting  of  sub- 

a  sinner.    To  suppose,  therefore,  that  such  do-  stances  calculated  to  reflect  the  light  of  the 

structive  agents  exist  in  the  moon,  would  be  sun  with  a  k»9  degree  of  intennty  than  the 

virtually  to  admit  that  the  inhabitants  of  that  other  parts  of  tho  lunar  surface.    These  plains 

planet  are  in  the  same  depraved  condition  as  are  of  diflerent  dimensions,  from  40  or  50  to 

tlie  inhabitants  of  this  world.  The  same  thing  700  miles  in  extent,  and  they  occupy  more 

maybe  said  with  regard  to  a  pretended  dis-  than  one-third  of  that  hemisphere  of  the  moon 

covery  which  was  announced  some  years  ago,  which  is  seen  from  the  earth,  and,  conscquent- 

Ihat  "  there  are  fortifications  in  the  moon ;"  ly,  will  contain  nearly  three  millions  of  square 

for,  if  such  objects  really  existed,  it  woqld  be  miles.    As  the  moon,  therefore,  is  diversified 

a  plain  proof  that  the  inhabitants  were  engaged  with  mountains  and  caWties  of  forms  altoge- 

in  wars  and  contentions,  and  animated  with  thcr  different  from  those  of  our  globe,  so  the 

the  same  diabolical  principles  of  pride,  ambi-  plains  upon  the  surface  of  that  orb  are  fax 

tion,  and  revenge,  which  have  ravaged  oujr  more  varied  and  extensive  than  the  generality 

globe  and  demoralized  its  inhabitants.  of  plains  which  are  found  on  the  surface  of 

Whether  there  he  Seas  in  tlie  Moon  is  a  the  earth.    It  is  a  globe  diversified  with  an 

question  which  has  engaged  the  attention  of  Immense  variety  of  mountain  scenery,  and« 

astronomers,  and  which  demands  a  few  re-  at  the  same  time,  abounding  with  plains  and 

marks.    When  we  view  the  moon  through  a  valleys  of  vast  extent    But  there  appear  to 

good  telescope,  we  perceive  a  number  of  large  be  no  seas,  oceans,  or  any  laree  collections  df 
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water,  fhough  it  is  poonble  that 'small  lakes  tains,  scarcely  aay  obscuration  can  be  per- 

or  rivers  may  exist  on  certidn  parts  of  its  sur-  ceptible. 

&oe.  As  we  see  only  one  side  of  the  moon  Ou  the  whole,  it  appears  most  probable  that 
fiom  the  earth,  we  cannot  tell  what  objects  or  the  moon  is  surrounded  with  a  fluid  which 
arrangements  may  exist  on  its  opposite  hemi-  serves  the  purpose  of  an  atmosphere,  although 
i|>heie,  though  it  is  probable  that  that  hemi-  this  atmosphere,  as  to  its  nature,  composition, 
sphere  does  not  difler  nuz/mo/Zy  in  its  scenery « and  refractive  power,  may  be  very  diderent 
and  arrangements  firom  those  which  are  seen  from  the  atmosphere  which  surrouncfs  the 
OQ  the  side  which  is  turned  towards  the  earth,  earth.  It  forms  no  proof  that  the  mdon  or  any 
Atmosphere  of  the  Moon. — Whether  the  of  the  planets  is  destitute  of  an  atmosphere 
raoon  has  an  atmosphere,  or  body  of  air  simi-  because  its  constitution,  its  density,  and  its 
lar  to  that  which  surrounds  the  earth,  has  been  power  of  refracting  the  rays  of  light  are  dlf&r- 
a  Eobject  of  dispute  among  astronomers.  On  ent  from  ours.  An  atmosphere  may  surround 
the  one  fflde,  the  existence  of  such  an  atmo-  a  planetary  body,  and  yet  its  parts  be  so  fiue 
^here  is  denied,  because  the  stars  which  dis-  and  transparent  that  the  rays  of  light  from  a 
appear  behind  the  body  of  the  moon  retain  star  or  any  other  body  may  pass  through  it 
their  full  lustre  till  they  seem  to  touch  its  without  being  in  the  least  obscured  or  chang- 
Tery  edge,  and  then  they  vanish  in  a  moment ;  ing  their  direction.  In  our  reasonings  on  this 
which  phenomenon,  it  is  supposed,  would  not  subject  we  too  frequently  proceed  on  the  false 
happen  if  the  moon  were  encompassed  with  principle  that  every  thing  connected  with  othei 
an  atmosphere.  On  the  other  hand,  it  has  worlds  must  bear  a  resemblance  to  those  on 
been  maintained  that  the  phenomena  frequent-  the  earth.  But  as  we  have  seen  that  the  sur- 
ly attending  eclipses  of  the  sun  furnish  argu-  face  of  the  moon,  in  respect  to  its  mountains, 
ments  for  the  existence  of  a  lunar  atmosphere,  caverns,  and  plains,  is  very  differently  arranged 
It  has  been  observed  on  different  occasions  from  what  appeara  on  ,the  landscape  of  our 
that  the  moon  in  a  solar  eclipse  was  sur^  globe,  so  we  have  every  reason  to  conclude 
rounded  with  a  luminous  ring,  which  was  that  Uie  atmosphere  with  which  that  orb  may 
most  brilliant  on  the  side  nearest  the  moon ;  be  surrounded  is  materially  different  in  its 
that  the  sharp  horns  of  the  solar  crescent  have  constitution  and  properties  from  that  body  of 
been  seen  blunted  at  their  extremities  during  air  in  which  we  move  and  breathe ;  and  it  is 
toital  darkness ;  that,  preceding  the  emersion,  a  highly  probable,  from  the  diversity  of  arrange- 
long  narrow  streak  of  dusky  red  light  has  ments  which  exists  throughout  Uie  planetary 
been  seen  to  colour  the  western  limb  of  the  system,  that  the  atmospheres  of  all  the  planets 
moon ;  and  that  the  circular  figure  of  Jupiter,  are  variously  constructed,  and  have  properties 
Saturn,  and  the  fixed  stazs  has  been  seen  different  firom  each  other.  Whatever  may  be 
cfauig^  into  an  elliptical  one  when  they  ap-  the  nature  of  the  moon's  atmosphere,  it  is  evi- 
preached  either  tiie  dark  or  the  enlightened  dent  that  nothing  similar  to  cbudB  exists  in  it, 
limb  of  the  moon ;  all  which  circumstances  are  otherwise  they  would  be  quite  perceptible  by 
considered  as  indications  of  a  lunar  atmo-  the  telescope ;  and  hence  we  may  conclude 
s(4)ere.  The  celebrated  M.  Schroeter,  of  that  neither  hail,  snow,  rain,  nor  tempests  dis- 
Litienthal,  made  numerous  observations  in  turb  its  serenity ;  for  all  the  parts  uniformly 
Older  to  determine  this  question,  and  many  present  a  clear,  calm,  and  serene  aspect,  as  if 
respectable  astronomers  are  of  opinion  that  his  its  inhabitants  enjoyed  a  perpetual  spring. 
observations  deariy  prove  the  existence  of  an  Magnitude  of  the  Moon.^^The  distance  of 
atmosphere  around  the  moon.  He  discovered  the  moon  from  the  earth  is  determined  from 
near  the  moon's  cusps  a  faint  gray  light  of  a  its  horizontal  parallax ;  and  this  distance,  com- 
pyramidal  form,  extending  from  both  cusps  pared  with  its  apparent  angular  diameter, 
roto  tl^  dark  hemisphere,  which,  being  the  gives  its  real  or  linear  diameter.  The  mean 
moon*8  twilight,  must  necessarily  arise  from  horizontal  parallax  is  fiftyngeveu  minutes, 
its  atmosphere.  It  would  be  too  tedious  to  thirty-four  seconds,  and  the  mean  apparent 
detail  all  the  observations  of  Schroeter  on  this  diameter  thirty*one  minutes,  twenty-six  se- 
point;  but  the  following  are  the  general  con-  conds.  From  these  data  it  is  found  that  the 
elusions :"  That  the  inferior  or  more  dense  real  diameter  of  the  moon  is  2 180  miles,  which 
part  of  the  moon's  atmosphere  is  not  more  is  little  more  than  the  one  fourth  of  the  diame- 
&an  1500  English  feet  high;  and  that  the  ter  of  the  earth.  The  real  magnitude  of  the 
ba(^t  of  the  atmosphere  where  it  could  afifect  moon,  therefore,  is  only  about  one  forty-ninth 
the  brightness  of  a  fixed  star,  or  inflect  the  part  of  that  of  the  earth.  This  is  found  by 
solar  rays,  does  not  exceed  6742  feet,"  or  little  dividing  the  cube  of  the  earth's  diameter  by 
more  than  an  English  mile.  A  fixed  star  will  the  cube  of  the  moon's,  and  the  quotient  wiH 
pass  over  this  space  in  less  than  two  seconds  express  the  number  of  times  that  the  bulk  of 
of  time;  and  if  it  emerge  at  a  part  of  the  the  earth  exceeds  that  of  the  moon;  for  the 
noon's  limb  where  there  is  a  ridge  of  moun-  real  bulk  of  globes  is  in  proportion  to  the  cubea 
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of  tbeir  diameters.  Although  the  apparent  would  interpose  a  barrier  to  distinct  viaioii, 
size  of  the  moon  appears  equal  to  that  of  the  and  as  the  quantity  of  light  is  diminbhed  in 
sun,  yet  the  difiference  of  their  real  bulk  is  proportion  to  the  magnifying  power,  the  Ion 
very  great,  for  it  would  require  more  than  of  light  in  such  high  powers  would  prevent 
sixty 4hr€e  milUans  of  globes  of  tliesize  of  the  the  distinct  perception  of  any  object 
moon  to  form  a  globe  equal  in  magnitude  to  But  although  we  can  never  hope  to  see  any 
,  that  of  the  sun.  Its  sui^ce,  notwithstanding,  of  the  inhabitants  of  the  moon  by  any  instru- 
contains  a  very  considerable  area,  comprising  ment  constructed  by  human  higeuutty,  yet 
nearly  15,000,000  of  square  miles,  or  about  we  may  be  able  to  trace  the  operations  of 
one  third  of  the  habitable  parts  of  our  globe ;  sentient  or  intelligent  beings*  or  those  effects 
and  were  it  as  densely  peopled  as  England,  it  which  indicate  the  agency  of  living  beings, 
would  contain  a  population  amounting  to  four  A  navigator  who  approaches  within  a  certain 
thousand  two  hundred  miilionst  whidi  is  distance  of  a  small  island,  although  he  per- 
more  than  five  times  the  population  of  the  oeives  no  human  beings  upon  it,  can  judge 
earth ;  so  that  the  moon,  although  it  ranks  with  certainty  that  it  is  inhabited  if  he  por- 
among  the  smallest  of  the  celestial  bodies,  oeive  humiin  habitations,  villages,  corn-fields, 
may  contain  a  population  of  intelligent  beings  or  traces  of  cultivation.  In  like  manner,  if 
far  more  numerous,  and  perhaps  far  more  ele-  we  could  perceive  changes  or  operations  in 
vated  in  the  scale  of  intellect,  man  the  inhabit-  the  moon  which  could  be  traced  to  the  agency 
ants  of  our  globe.  of  intelligent  beings,  we  should  then  obtain 

Whether  it  may  he  possible  to  discover  the  demonstrative  evidence  that  such  beings  exist 
inhabitants  of  the  moon  is  a  question  which  on  that  planet;  and  I  have  no  doubt  that  it  is 
has  been  sometimes  agitated.  To  such  a  possible  to  trace  such  dperations.  A  telescope 
question  I  have  no  hesitation  in  replying,  which  magnifies  1200  times  will  enable  ua  to 
that  it  is  highly  improbable  that  we  shall  ever  perceive,  as  a  tnsible  point  on  the  sur&ce  of 
obtain  a  direct  view  of  any  living  beings  con-  the  moon,  an  object  whose  diameter  is  only 
nected  with  the  moon  by  means  of  any  tele-  about  100  yards  or  300  feet  Such  an  object 
scopes  which  it  is  in  the  power  of  man  to  con-  is  not  larger  than  many  of  our  public  edifices ; 
struct  The  greatest  magnifying  power  which  and,  therefore,  were  any  such  edifices  rearing 
has  ever  been  applied,  with  distinctness,  to  in  the  moon,  or  were  a  town  or  city  extend- 
the  moon,  does  not  much  exceed  a  thousand  ing  its  boundaries,  or  were  operations  of  this 
times ;  that  is,  makes  the  objects  in  the  moon  description  carrying  on  in  a  district  where  no 
appear  a  thousand  times  larger  and  nearer  to  such  edifices  luid  previously  been '  erected, 
the  naked  eye.  But  even  a  power  of  a  thou-  sach  objects  and  operations  might  probably 
sand  times  represents  the  objects  on  the  lunar  be  detected  by  a  minute  inspection.  Were  a 
sur&ce  at  a  distance  of  240  miles,  at  which  multitude  of  living  creatures  moving  from 
distance  no  hving  beings^  although  they  were  place  to  place  in  a  body,  or  were  they  encamp- 
nearly  of  the  size  of  a  kraken,  could  be  per-  ing  in  an  extensive  plain  like  a  large  army, 
ceived.  Even  although  we  could  apply  a  or  like  a  tribe  of  Arabs  in  the  desart,.  and 
power  of  ten  thousand  times,  lunar  ^bjecta  afterward  removing,  it  is  possible  that  such 
would  still  appear  24  miles  distant ;  and  at  movements  might  be  traced  by  the  dififerenoe 
such  a  distance  no  animal,  even  of  the  size  of  of  shade  or  colour  which  such  movements 
an  elephant  or  a  whale,  could  be  discerned,  would  produce.  In  order  to  detect  such 
Besides,  we  ought  to  consider  that  we  have  minute  objects  and  operations,  it  would  be 
only  a  hirffs-eye  view  of  the  objects  on  the  requisite  that  the  surfiice  of  the  moon  should 
moon ;  and,  consequently,  supposing  any  be  distributed  among  at  least  a  hundred  astro- 
beings  resembling  man  to  exist  on  that  orb,  nomers,  each  having  a  spot  or  two  allotted 
we  could  only  perceive  the  diameter  of  their  him  as  the  object  of  his  more  particular 
heads,  as  ah  aeronaut  does  when  he  surveys  investigation,  and  that  the  observations  be 
the  crowds  beneath  him  fi'om  an  elevated  bal-  continued  for  a  period  of  at  least  thirty  or 
loon.  Nay,  though  it  were  possible  to  con-  forty  years,  during  which  time  certain  changes 
struct  a  telescope  with  a  power  of  one  hun-  would  probably  be  perceived,  arising  ei^er 
drcd  thousand  times,  which  would  cause  the  firom  physical  causes  or  from  the  operations 
moon  to  appear  as  if  only  two  and  a  half  of  living  agents.  But  although  no  such 
miles  distant,  it  is  doubtful  if,  even  with  such  changes  should  ever  be  detected,  it  would 
an  instrument,  living  beings  could  be  per-  form  no  proof  that  the  moon  is  destitute  oi 
ceived.  We  ought  also  to  consider  that  nature  inhabitants ;  for,  in  other  worlds,  intelligent 
has  set  certain  limits  to  the  magnifying  power  beings  may  probably  enjoy  all  the  happiness 
o€  telescopes;  for,  although  we  could  apply  congenial  to  their  natures  without  those  edi- 
fUch  powers  as  now  stated  to  any  telescope,  fices  or  artificial  accommodations  which  are 
the  vapours  and  undulations  of  the  atmo-  requisite  for  man  in  this  terrestrial  abode.  la 
q>here,  and  the  diurnal  motion  of  the  earth,  reference  to  the  subject  under  consideratioa 
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Dr.  Olben  is  fiiDy  of  opinioa  "  tliat  the  moon  that  the  plan  of  erectbig  a  geometrieal  figure 
is  inhabited  by  rational  creaturea^  and  that  on  the  plains  of  Siberia  conesponded  with 
its  sarfiice  U  more  or  less  covered  with  a  his  opinion,  because,  according  to  his  view,  a 
Tegetaiion  not  very  dissimikr  to  that  of  our  correspondence  with  the  inhabitants  of  the 
own  earth.'*  Gnxithuisen  maintains  that  he  moon  could  only  be  begun  by  means  of  such 
has  discovered,  by  means  of  his  large  achro-  mathematical  contemplations  and  ideas  which 
matic  telescope,  **  great  artificial  works  in  the  we  and  they  must  have  in  common."t  Were 
moon,  erected  by  the  lunarians.*'  And  lately,  (the  inhabitants  of  the  moon  to  recognize  such 
another  foreign  observer  maintains,  from  actual  a  figure,  erected  on  an  immense  scale,  as  a 
observation,  ^  that  great  edifices  do  exist  in  the  signal  of  correspondence,  they  might  perhaps 
moon."  I  am  of  opinion  that  all  such  an-  erect  a  similar  one  in  reply.  But  it  is  ques- 
nonncements  are  prematore  and  uncertain,  tionable  whether  the  intention  of  such  a  signal 
Without  calling  in  question  the  accuracy  of  would  be  recognized ;  and  our  terrestrial  sove- 
the  descriptions  published  by  these  astrono-  reigns  are  too  much  engaged  in  plunder  and 
mera,  there  is  some  reason  to  suspect  that  warfare  to  think  of  spending  their  revenues  in 
what  they  have  taken  for  "edifices'*  and  so  costly  an  experiment;  and,  therefore,  it  is 
**  artifical  works"  are  only  small  portions  of  likely  that,  for  ages  to  come,  we  shall  remain 
natural  scenery,  of  which  an  immense  variety,  in  ignorance  of  the  genius  of  the  lunar  in- 
in  every  shape,  is  to  be  found  on  the  surface  habitants.  Schemes,  however,  far  more  foolish 
of  the  moon.  Future  and  more  minute  and  preposterous  than  the  above  have  been 
observations  may,  however,  enable  us  to  form  contrived  and  acted  upon  in  every  age  of  the 
a  definite  opinion  on  this  subject.*  world.    The  millions  which  are  now  wasting 

It  has  sometimes  been  a  subject  of  specula-  in  the  pursuits  of  mad  ambition  and  destructive 
Uon  whether  it  might  be  possible,  by  any  sym-  warfare  might,  with  far  greater  propriety,  be 
bols,  to  correspond  with  the  inhabitants  of  expended  in  constructing  a  large  triangle  or 
the  moon.  **  Gruithuisen,  in  a  conversation  ellipsis,  of  many  miles  in  extent,  in  Siberia  or 
with  the  great  continental  astronomer  Gauss,  any  other  country,  which  might  at  the  same 
after  describing  die  regular  figures  he  had  time  accommodate  thousands  of  inhabitants 
discovered  in  the  moon,  spoke  of  the  possi-  who  are  now  roaming  the  desarts  like  the 
lality  of  a  correspondence  with  the  lunar  beasts  of  the  forest. 

inhabitants.  ^  He  brought  to  Gauss*  recollec-  Whatever  may  be  the  arrangements  of  the 
tion  the  idea  he.  had  communicated  many  the  moon  or  the  genius  of  its  inhabitants,  we 
yean  ago  to  Zimmerman.    Gauss  answered,   know  that  it  forms  a  most  beautiful  and  ben^ 

•  A  short  time  ago  a  Juiaz  was  attempted  to  be  more  consbtent  by  putting  a  power  of  300,000 

played  off  on  the  public  in  relation  to  tbis  eubject.  times  upon  his  imnginary  telescope.  Kince  he  bad 

An  article  entitled  **Wondernil  Discoveries  in  every  power   at   his   command,  so  as  to  have 

the  Moon,  by  Sir  John  ITerscbel,"  was  copied  into  brought  tlie  objects,  at  least,  wiihin  the  distance 

most  or  the  American,  French,  and  British  news-  of  a  mile.   The  author  or  this  deception,  1  under- 

papers  and  other  periodicals,  and  was  likewise  stand,  is  a  young  mnn  in  the  city  of  New  York, 

pablished  in  a  separate  pamphlet.  It  is  not  a  little  who  makes  some  pretensions  to  scientific  acquire- 

astnnbhing  how  easily  the  public  is  gulled  by  ments,  and  he  may  perhaps  be  dixpoged  to  con- 

snrh  extravagant  descriptions  as  were  contained  gratulate  himselfon  the  success  or  his  experinrent 

bi  this  pamphlet,  and  It  shows  the  ijntoranee  which  on  the  public.   But  it  ought  to  be  remembered  that 

still  prevails  among  the  great  mass  of  the  commu-  all  such  attempts  to  deceive  are  violations  of  the 

niiy  in  every  country  In  relation  to  astronomv  and  laws  of  the  Creator,  who  is  the  *'  God  of  t^utb," 

optics,  that  snch   pretended  discoveries  should  and  who  requires  "truth  in  the  inward  parts;" 

have  been  listened  to  even  for  a  moment.    For  and,  therefore,  they  who  wilAilly  and  deliberately 

even  some  editors  of  newspapers   treated  the  contrive  snch  impositions  ought  to  be  ranked  in 

alTair  in  a  grave  manner,  and  only  expressed  their  the  class  of  liars  and  deceivers.    The  "Law  of 

denkf  on  tbe  subject,  plainly  indicating  that  they  Truth**  ought  never  for  a  moment  to  be  sported 

had  far  less  knowledge  ofthe  science  of  astronomy  with.    On  the  universal  observance  of  this  law 

than  many  schoolboys  now  acquire.    The  title  of  depend  the  happiness  of  the  whole  mieiligent  sys- 

Ihe  pamphlet  was  suflficient  to  convince  any  man  tern  and  tbe  foundations  of  the  throne  of  the  Eicr- 

of  common  understanding,  who  directed  his  atten-  nal.    The  greatest  part  of  the  evils  which  have 

tioD  for  a  moment  to  the  suhject,  that  the  whole  afflicted  our  world  have  risen  from  a  violation  of 

was  a  piece  of  deception  ;  for  it  stated  that**  the  this  law,  and  were  it  to  be  Knirersa/Zy  violated, 

obJcrt-Klass  weighed  ttvtn  («iw,"  and  had  *'a  the  inhabitants  of  aU  worlds  would  be  thrown 

magjlfytng  power  of  42.000  times."    Now,  sup-  into  a  state  of  confusmn  and  misery,  and  creation 

posing  sochapower  had  been  used,  the  objects  transformed  into  a  chaos.    Besides,  the  prnpnira- 

on  the  surface  of  tbe  moon  would   still  have  tion  of  such  deceptions  is  evidently  Injurious  to 

appeared  more  than  Ave  miles  and  two-thirds  the  interests  of  science.    For  when   untutored 

distant;  and  how  conid  an  animal,  even  of  the  minds  and  the  mass  of  the  community  detect  such 

lareest  sixe,  be  seen  at  such  a  distance  1    Yet  the  impositions,  they  are  apt  to  caH  in  question  the 

writer  of  the  pamphlet  declares  that  animals  such  real  discoveries  of  science,  as  if  they  were  only 

as  sleep,  and  cranes,  and  small  birds  were  not  attempts  to  impose  on  their  credulity     It  is  to  bs 

oaf?  distinguished,  but  the  shape  and  colour  of  hoped  that  the  author  of  the  deception  to  which 

their  home,  eyes,  beard,  and  the  difference  of  I  have  adverted,  as  be  advances  in  years  and  in 

sexes,  were  perceived.    To  perceive  such  objects  wisdom,  will  perceive  the  folly  and  the  immorality 

il  was   reqnisite   that   they  should   have   been  of  such  conduct. 

brought  within  six  yards  instead  of  six  miles.  f  Edinburgh   New  Philosophical  Jonmal   for 

Hm  aotbor  might  bavs  rendered  bis  description  October,  1890,  p.  390. 
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ficial  appendage  to  our  globe.    Wh6n  the  and  to  settle  the  geographical  poeiltons  of 

sun  has  descended  below  the  western  horizon,  towns  and  countries ;  they  assist  the  afdnmo- 

the  moon  tights  up  her  lamp  in-  the  azure  mer  in  bis  celestial  investigations,  and  eslubit 

firmament,  and  difliisea  a  mild  radiance  over  an  agreeable  variety  of  phenomena  in  the 

the  landscape  of  tbe  wodd.     She  pours  her  scenery  of  the  heavens.    In  short,  there  are 

lustre  on  spacious  cities  and  lofty  mountains,  terrestrial   scenes    presented    in    moonlight, 

glittering  on  the  ocean,  the  lakes,  and  rivers,  which,  in  point  of  solemnity,  grandeur,  and 

and  opening  a  prospect  wide  as  the  eye  can  picturesque  beauty,  far  surpass  in  interest,  to 

reach,  which  would  otherwise  be  involved  in  a  poetic  imagination,  all  the  brilliancy  and 

the  deepest  gloom.    As  the  son  of  Sirach  splendours  of  i^Oonday.    Hence,  in  all  ages, 

has  observed,  *'  She  is  the  beauty  of  heaven,  a  moonlight  scene  has  been  regarded,  by  all 

the  glo^y  of  the  stars,  an  ornament  giving  ranks  of  men,  with  feeling*  of  joy  and  senti- 

%ht  in  the  high  places  of  the  Loid."     She  ments  of  ^miration.    The  following  descrip- 

cheers  the  traveller  in  his  journeys,  the  shep-  tion  of  Homer,  translated  into  English  verae 

herd  while  tending  his  fleecy  charge,  and  tbe  by  Mr.  Pope,  has  been,  esteemed  one  of  the 

mariner  while  conducting  his  vessel  at  mid*  finest  night-pieces  in  poetry. 

night  through  the  boisterous  ocean.     She  re-  «  BehoM  the  moon,  refulgent  lamp  of  night, 

turns  to  us,  dunng  night,  a  portion  of  the  O'er  heaven's  clear  azure  spread  her  •acred  light, 

solar  light  which  we  had  lost,  and  diffuses  a  When  not  a  br«ath  distarbe  the  deep  serene, 

Knn;»»r»  f—  o..«^^».  4^  4i— *  »k;v.u  ».«  ^«..:«»  And  not  a  cloud  overcasts  the  solemn  scene ; 

bnlhancy  far  superior  to  Uiat  which  we  derive  ^^^^^  ,,„  i,„^„^  j^^  ^,^1^  p,a„^„  y„„^ 

from  all  the  stars  of  heaven.     If  we  mtend  to  And  stars  unnumbered  gild  the  glowing  pole ; 

prosecute  our  journeys  after  the  sun  has  left  O'er  the  dark  trees  a  yellower  verdure  shed, 

^.»  u<.^:«.>k^.^    ♦k-  w,^^«    ;«  v^.  ;.,.»»w.««  And  tip  with  silver  every  mountain's  head; 

our  hemisphere,  the  moon,  in  her  increase,  ^hen  shine  the  vales ;  the  rocks  in  prospect  rise  ; 

serves  as  a  magnificent  lamp  to  guide  our  A  flood  of  glory  bursts  from  all  the  skies, 

footsteps.     If  we  widi  to  commence  our  pro-  J^e  ronsclous  swains,  rejoicing  in  the  sight, 

g««s  it  ail  early  hour  in  the  morning,  the  Eyetheblue  vault,  and  bless  the  useful  light." 

moon,  in  her  decrease,  difiuses  a  mild  radiance  Without  the  light  of  the  moon,  the  inha- 

in  the  east,  and  enables  us  to  anticipate  the  bitants  of  the  polar  regions  would  he  for 

dawn;  and  if  we  choose  to  defer  our  journey  weeks  and  months  immersed  in  darkneas. 

till  the  period  of  full  moon,  this  celestial  lamp  But  the  moon,  like  a  kindly  visitant,  returns 

enables  us  to  enjoy,  as  it  were,  an  uninter-  at  short  intervals  in  the  absence  of  the  son, 

rupted  day  of  twenty-four  hours  long.    By  and  cheers  them  with  her  beams  for  days  and 

this  means  wo  can  either  avoid  the  burning  weeks  together.    So  that,  in  this  nocturnal 

heats  of  summer,  or  despatch  such  business  luminary,  as  in  all  the  other  arrangements  of 

as  may  be  inexpedient  during  the  light  of  day.  nature,  we  behold  a  display  of  the  paternal 

While  the  apparent  revolution  of  the  sun  care  and  beneficence  of  that  Almighty  Being 

marks  out  the  year  and  the  course  of  the  who  ordained  "  the  moon  and  stars  to  rule  the 

seasons,  the  revolution  of  the  moon  round  the  night,"  as  an  evidence  of  his  superabundant 

heavens  marks  out  our  months ;  and,  by  re-  goodness,  and  of  **  his  mercy,  which  endureth 

e^Iarly  changing  its  figure  at  the  four  quarters  for  ever." 

of  iU  cour».uMvide.  the  month  into  periods  „_  ^^  ^_,  ^.tiiiites  of  jupit... 
of,weei£s;  and  thus  exhibits  to  all  the  nations 

of  the  earth  a  "  watchlight"  or  signal,  which  There  are  four  moons  or  satellites  attending 
every  seven  days  presents  a  form  entirely  new,  the  planet  Jupiter,  which  revolve  around  it 
for  marking  out  the  shorter  periods  of  duration,  from  west  to  east,  according  to  the  ofder  of 
By  its  nearness  to  the  earth,  and  the  conse-  the  signs,  or  in  the  same  direction  as  the  moon 
queut  increase  of  its  gravitating  power,  it  revolves  round  the  earth  and  the  planets 
produces  currents  in  the  atmosphere,  which  round  the  sun.  They  are  placed  at  diiierent 
direct  the  course  of  the  winds  and  purify  the  distances  from  the  centre  of  Jupiter;  they  re- 
aerial  fluid  from  noxious  exhalations;  it  volve  round  it  in  diiferent  periods  of  time, 
raises  the  waters  of  the  ocean,  and  penetrates  and  they  accompany  the  planet  in  its  twelve 
tlie  regular  returns  of  ebb  and  fiow,  by  which  years'  revolution  round  the  sun,  without  de- 
the  liquid  element  is  preserved  from  filth  and  viating  in  the  least  in  their  distances  from  the 
putrefaction.  It  extends  its  sway  even  over  planet,  as  tbe  more  immediate  centre  of  their 
the  human  frame,  and  oar  health  and  dis-  motions.  These  bodies  were  discovered  by 
orders  are  sometimes  partially  dependent  on  Graliieo,  who  first  applied  the  telescope  to  oe- 
its  influence.  Even  its  eclipses,  and  those  lestial  observations.  Three  of  them  were  first 
it  produces  of  the  sun,  are  not  without  their  seen  on  the  night  of  the  7th  of  January, 
use.  7^hey  tend  to  arouse  mankind  to  the  1610,  and  were  at  first  supposed  to  be  tele- 
study  of  astronomy  and  the  wonders  of  the  scopic  stars;  but  by  the  observations  of  three 
flnnament ;  they  serve  to  confirm  the  deduc*  or  four  subsequent  evenings,  he  discovered 
tious  of  chronology,  to  direct  the  navigator,  them  to  be  attendants  on  the  planet  Jupiter 
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Ob  the  13th  of  fhe  same  month  he'Mw  the  edipfles  are  less  frequent  than  thoee  of  fte 

fenrth  satellite,  and  continued  his  obseiralions  other  three,  only  a  few  of  them  happening  in 

tSl  Match  S,  when  he  eent  his  drawings  of  the  course  of  a  year.    As  those  satellites  are 

thcnu  and  an  account  of  his  observations,  to  opaque  globes  like  our  moon — ^when  they  are 

his  patron,  Cofmo  Medici,  Great  Duke  of  in  their  inferior  conjunction,  or  in  a  line  be- 

Tuacany,  in  honour  of  whom  he  called  them  tween  Jupiter  and  tiie  sun— their  bodies  are 

the  Medieean  »lan.    This  discovery  soon  ex-  interposed  between  the  sun  and  certain  parts 

cited  the  attention  of  astronomers,  and  every  of  the  disk  of  the  planet,  so  as  to  cause  an 

one  hastened  with  eagerness  to  view  the  new  eclipse  of  the  son  to  those  places  over  which 

celeflkial  wondera.    The  senators  of  Venice,  their  shadow  passes.    These  eclipses,  or  the 

who  were  eminent  ibr  their  learning,  invited  shadows  of  the  satellites  passing  across  the 

Galileo  to  come  to  the  tower  of  St  Mark,  and  body  of  Jupiter,  are  perceived  by  powerfii] 

in  their  presence  make  a  trial  of  his  new  in-  telescopes.    Sometimes  the  satellites  them- 

fltanments.    He  complied  with  their  request,  selves  may  be  seen  crossing  the  disk  like  lu- 

•nd  in  a  fine  n^;fat,  neither  cold  nor  cloudy,  minous  spots ;  and  sometimes  the  body  of  the 

showed  them  with  his  instrument  the  new  planet  interposes  betweefi  our  eye  and  the 

phenomena  which  had  excited  attention ;  the  satellites,  when  they  are  said  to  suffer  an  oe- 

■ateUitea  of  Jupiter,  the  crescent  of  Venus,  euitation.    It  has  been  ascertained,  by  the 

the  triple  appearance  of  Saturn,  and  the  in-  calculations  and  investigations  of  La  Place, 

equalities  on  the  sor&ce  of  the  moon,  which  that  the  ivkok  number  of  these  moons  can 

many  of  the  learned  refused  to  admit,  because  netfer  be  eclipsed  at  the  same  time,  and  that 

thej  overthrew  the  system  of  the  schools  and  scarcely  ever  more  than  two  of  them  can  bo 

the  philosophical  notions  which  had  previously  eclipsed  at  once. 

prevailed.    At  this  conference  with  the  Vene-  The  follovnng  diagram  (Fig.  86,)  exhibita 
lian  aenatoTB  Galileo  demonstrated  the  truth  the  system  of  Jupiter's  satellites  nearly  in  the 
«^  the  Copemican  system,  and  showed  how  proportion  of  their  distances  from  the  planet 
all  hia  discoveries  had  a  tendency  to  prove  The  small  circles  on  the  orbit  of  the  third  satel- 
that  the  earth  is  a  moving  body,  and  that  the  lite  represent  the  enlightened  side  of  the  satel- 
eon  is  the  centre  of  the  planetary  motions.  lites  turned  towards  the  sun,  and  the  dark 
The  following  are  the  reqiective  distances  side  in  an  opposite  direction.    The  enlight- 
of  the  aatellitea  of  Jupiter,  in  round  numbers,  ened  side  of  every  satellite  is  always  veiy 
and  the  periodic  times  in  which  they  revolve  nearly  turned  towards  the  earth ;  but  in  their 
around  that  planet    Tbe  mean  distance  of  revolutions  round  Jupiter  they  present  to  that 
the  first  satellite  from  the  centre  of  Jupiter  is  planet  all  tbe  phases  of  the  moon,  as  repre- 
260,000  miles,  or  somewhat  more  than  the  sented  in  the  figures  marked  on  the  orbit  of 
distance  of  tbe  moon  finom  the  earth ;  and  it  the  fourth  satelKte.    In  the  direction  A,  when 
iwolves  around  the  planet  in  1  day,  18  hours,  in  opposition  to  the  sun,  they  appear  like  Jiill 
27  j  minutes.    The  second  satellite  is  distant  moons ;  in  the  direction  B  they  assume  a 
420,000  miles,  and  finishes  its  revolution  in  gibbous  phase;  at  C  they  appear  like  a  half 
3  days,  13  hours,  13)  minutes.    The  third  is  moon;  at  D  like  a  crescent  t  at  E,  the  dark 
distant  670,000  miles,  and  performs  its  revo-  side  being  turned  towards  the  planet,  the  satel- 
Intion  in  7  days,  3  hours,  42^  minutes.     The  lite  becomes  invisible ;  at  F,  6,  and  H,  it 
fixirth  satellite  is'  distant  1,180,000  milea,  or  again  successively  appears  under  a  crescent, 
more  than  four  times  the  distance  of  the  first,  a  half  moon,  and  a  gibbous  phase.    In  the 
and  requires  16  days,  16  hours,  and  32  mi-  direction  A  the  satellites  are  in  opposition  to 
nntea  to  complete  its  revolution.    These  satel-  the  sun,  as  seen  from  Jupiter,  at  which  time 
iites  sofier   numerous   eclipses   in   passing  they  pass  through  his  shadow,  and  are  eclipsed 
through  the  shadow  of  Jupiter,  as  our  mooiA  for  the  space  of  more  than  two  hours,  yrith 
is  eclipsed  in  passing  through  the  shadow  of  the  ezcep^on  of  the  fourth,  which  sometimes 
the  earth.    But  as  their  orbits  are  very  little  passes  the  point  of  its  opposition  without  fall- 
inclined  to  the  orbit  of  Jupiter,  their  eclipeea  ing  into  the  shadow.    At  E  the  shadow  of 
are  much  more  frequent  than  those  of  our  the  satellite  passes  across  &e  disk  of  Jupiter, 
moon.    The  first  three  satellites  are  eclipsed  producing  a  solar  edipae  to  all  thoee  regions 
every  tisoe  they  are  in  opposition  to  the  sun.  on  his  surface  over  which  the  shadow  moves. 
Tbe  first  satellite  is  in  opposition  once  in  42^  These  satellites,  when  viewed  from  the 
bonra,  and,  consequently,  sufiers  an  eclipse  earth,  do  not  appear  to  revolve  round  Jupiter 
about  eighteen  times  every  month.    The  se-  in  the  manner  here  represented,  but  seem  to 
cond  soflera  dght  or  nine  eclipses,  and  the  oscillate  backward  and  forward  nearly  in  a 
third  about  four  eclipses  every  month.    But  straight  line.    This  is  owing  to  our  being 
the  fourth  aateUite  frequently  passes  through  nearly  on  a  level  with  the  plane  of  their  orbitai 
ila  oppoaitioD  without  being  involved  in  the  When  the  earth  b  in  one  of  the  geooentrio 
■hadow   of  Jupiter,  and,  consequently,  its  nodes  of  a  satellite,  the  plane  of  its  orbit 
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passes  through  onr  eye,  and  therefore  it  ap- 
pears to  be  a  straight  line,  as  a  6,  (Fig.  87,) 
so  that,  in  passing  the  half  of  its  orhit  which 
is  most  distant  from  the  earth,  it  first  seems 
to  move  from  b  to  c,  when  it  is  hidden  for 
some  time  by  the  planet,  and  then  from  dtoa, 
the  point  of  its  greatest  elongation;  ailcr 
which  it  seems  to  return  again  in  the  same 
line,  passing  between  us  and  the  disk  of  the 
phinet,  till  it  arrives  at  its  greatest  elongation 
at  6.  In  every  other  situation  of  the  earth, 
tlie  orbit  of  a  satellite  appears  as  an  ellipaia 
more  or  less  oblong,  as  represented  in  Fig. 
88.  When  it  passes  through  its  superior 
semicircle,  or  that  which  is  more  distant  from 
the  earth  than  Jupiter  is,  as  e,/,  ^,  its  motion 
is  direct,  or  according  to  the  order  of  the 
signs;  when  it  is  in  its  inferior  semicircle, 
nearer  to  us  than  Jupiter,  as  hf  t,  k,  its  appar- 
ent motion  is  in  the  opposite  direction,  or 
retrograde.  Hence  these  satellites,  as  seen 
through  a  telescope,  appear  ne^ly  in  a  straight 
line  from  the  body  of  Jupiter,  as  represented 
in  Fig.  89. 

Fig.  86. 


Magnitude  of  the  SaUUite8,^Theee  bodies, 
though  invisible  to  the  naked  eye,  are  never- 
theless of  a  considerable  size.  The  following 
are  their  diameters  in  miles,  as  stated  by 
Struve.  The  first  satellite  is  2508  miles  in 
diameter,  which  is  considerably  larger  than 
our  moon.  The  second  ia  2068  miles  in  di- 
ameter, or  about  the  size  of  the  moon.  The 
third  is  8377  miles  in  diameter,  which  is  more 

than  seven  times  the  bulk  of  the  moon.    The 
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fourth  is  2890  miles  in  diameter,  or  abovt 
three  times  the  bulk  of  the  moon ;  so  that  the 
whole  of  Jupiter's  satellites  are  equal  to  nearly 
thirteen  of  our  moons.*  The  superficial  con- 
tents of  the  first  saUlUte  is  19,760,865  square 
miles;  of  the  second,  13,435,442;  of  the 
third,  35,827,21 1 ;  and  of  the  fourth,  26,238,- 
957  square  miles.  The  number  of  square 
miles  on  all  the  satellites  is.  therefore,  95,- 
262>475,  or  more  than  ninety-five  millions  of 
square  miles,  which  is  about  double  the  quan- 
tity of  surface  on  all  the  habitable  parts  of 
our  globe.  At  the  rate  of  280  inhabitants 
to  every  square  mile,  these  satellites  would, 
therefore,  be  capable  of  containing  a  popula- 
tion of  26,673  miltionsy  which  is  thir^-three 
times  greater  than  the  population  <^  the  earth. 

The  satellites  of  Jupiter  may  be  seen  with  a 
telescope  magnifying  about  thirty  times ;  but 
in  order  to  perceive  their  eclipses  with  advan- 
tage, a  power  of  one  hundred. or  one  hupdred 
and  fifty  times  is  requisite.  When  the  bril- 
liancy of  the  satellites  is  examined  at  diiferent 
times,  it  appears  to  undergo  a  considerable 
change.  By  comparing  the  mutual  positions 
of  the  satellites  with  the  times  when  they 
acquire  their  maximum  of  light.  Sir  W. 
Herschel  concluded  that,  like  the  moon,  they 
all  turned  round  their  axis  in  the  same 
time  that  they  performed  their  revolution 
round  Jupiter.  The  same  conclusion  had 
been  deduced  by  former  astronomers  in  refer- 
ence to  the  fourth  satellite.  This  satellite 
was  sometimes  observed  to  take  but  half  the 
usual  time  in  its  entrance  on  the  disk  of  Jupi- 
ter or  its  exit  from  it,  which  was  supposed  to 
be  owLog  to  its  having  a  dark  spot  upon  it 
that  covered  half  its  diameter;  and,  by  ob- 
serving the  period  of  its  variations,  it  was  con- 
cluded that  it  had  a  rotation  round  its  axis. 
These  circumstances  form  a  presumptive  proof 
tiiat  the  surface  of  these  satellites,  like  our 
moon,  are  diversified  with  objects  of  different 
descriptions,  and  with  varieties  of  light  and 
shade.  Cassini  suspected  the  first  satellite  to 
have  an  atmosphere,  because  the  shadow  of 
it  could  not  be  seen,  when  he  was  sum  it 
should  have  been,  upon  the  disk  of  Jupiter, 
if  it  had  not  been  shortened  by  its  atmosphere, 
as  is  the  case  in  respect  to  tlie  shadow  of  the 
earth  in  lunar  eclipses. 

From  what  has  been  stated  respecting  t^.s 
motions,  magnitudes,  and  6clipees  of  thiste 
satellites,  it  is  evident  they  will  present  a  most 

*  Former  astronomer!  reckoned  the  hnik  of  the 
satellites  larger  than  the  dimensions  here  stated. 
raRRini  and  Maraldl  reckoned  the  diameter  of  tlM 
third  satellite  to  t>e  one-eighteenth  of  thp  din  meter 
of  Jupiter,  and,  rnnsequently,  nearly  5000  miles  ia 
diameter;  and  the  first  and  second  to  be  one- 
twentieth  of  Jiipiter*s  diameter,  or  about  44M 
milea  ;  which  estimation  would  make  the  magrl- 
tudes  of  these  bodies  much  larger  than  stated  bj 
Btrave. 
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dhcnified  and  saUime  Bceneiy  in  the  firma- 
Dent  of  Jupiter*  The  first  satellite  moves 
aloag  a  circnmferenoe  of  1,633,632  miles  in 
the  space  of  42  j  hours,  at  the  rate  of  38,440 
m3es  an  hoar,  which  is  a  motion  sixteen  times 
more  rapid  ^an  that  of  the  moon  in  its  circuit 
round  the  earth*  During  this  short  period  it 
presents  to  Jupiter  all  the  appearances  of  a 
new  moon,  crescent,  half  moon,  gibbous  phase, 
and  full  moon,  both  in  the  increase  and  de- 
crease; so  that,  in  the  course  of  twenty-one 
boon,  it  passes  through  all  the  phases  which 
oor  moon  exhibits  to  us ;  besides  sufiering  an 
fchpsc  in  passing  through  the  shadow  of  the 
planet,  and  producing  either  a  partial  or  total 
eclipse  of  the  sun  to  certain  regions  of  Jupiter 
on  which  ita  shadow  falls.  Ilie  rapidity  of 
its  motion  through  the  heavens  will  also  be 
▼eiy  striking ;  as  it  will  move  through  the 
whole  hemisphere  of  the  heavens  in  the  course 
of  twenty-one  hours,  besides  its  daily  apparent 
motion,  in  consequence  of  the  diurnal  rotation 
of  Jupiter.  The  other  three  satellites  will 
exhibit  similar  phenomena,  but  in  different 
periods  of  time.  Sometimes  two  or  three  of 
these  mooos^  and  sometimes  all  the  four,  will 
be  seen  shining  in  the  firmament  at  the  same 
time ;  one  like  a  crescent,  one  like  a  half 
moon,  and  another  in  all  its^  splendour  as  a 
lull  enlightened  hemisphere ;  one  entering  into 
an  eclipse,  another  emerging  firom  it ;  one  in- 
terpoang  between  the  planet  and  the  sun,  and 
Jbr  a  short  time  intercepting  his  rays;*  one 
advancing  from  the  eastern  horizon,  and  ano- 
ther setting  in  the  yrest;  one  satellite  causing 
the  shadows  of  objects  on  Jupiter  to  be  thrown 
in  one  direction,  and  another  satellite  causing 
l&em  to  be  projected  in  another,  or  in  an  op- 
posito  direction ;  while  the  rapid  motions  of 
these  bodies  among  the  fixed  stars  will  be 
strikingly  perceptible.  Eclipses  of  the  satel- 
lites and  ii  the  sun  will  be  almost  an  every- 
dsj  phenomenon,  and  occultations  of  the  fixed 
Stan  will  be  so  frequent  and  regular  as  to 
serve  as  an  accurate  measure  of  time. 

The  eclipses  of  Jupiter's  satellites  ^^ord 
signals  of  considerable  use  for  determining  the 
longitude  of  places  on  the  earth*  For  this 
purpose  tables  of  diese  eclipses,  and  of  the 
times  at  vrhich  the  satellites  pass  across  the 
disk  of  Jupiter  or  behind  his  body!  are  calcu- 
lated and  inserted  in  tlie  nautical  and  other 
almanars.  These  tables  are  adapted  to  the 
meridian  of  the  Royal  Observatoiy  at  Green- 
wich ;  and  by  a  proper  use  of  them,  in  con- 
nexion with  observations  of  the  eclipses,  the 
tnie  meridian,  or  the  distance  of  a  place  east 
or  vrest  from  Greenwich,  may  be  ascertained. 
For  example :  suppose,  on  the  27th  of  Decem- 
ber, 1887,  the  immerrion  of  Jupiter's  first  sa- 
fteDite  be  observed  to  happen,  in  an  unknown 
Beridtan,  at  16  home,  23  minutes,  10  seconds^ 


I  find  by  the  tebles  that  this  immersion  will 
happen  at  Greenwich  at  V6  hours,  34  minutes, 
50  seconds  of  the  same  day.  The  difiercnce 
of  the  time  is  1  hour,  48  minutes,  20  seconds, 
which,  being  converted  into  degrees  of  tlie 
equator  (allowing  15  degrees  for  an  hour,) 
will  make  27  degrees,  5  minutes,  which  is  the 
longitude  of  the  place  of  observation.  This 
longitude  is  east  of  Greenwich,  because  the 
time  of  observation  was  in  advance  of  the 
time  at  the  British  observatory.  Had  the 
tiine  of  observation  been  behind  that  of  Green- 
wich, for  example,  at  13  hours,  4  minutes,  50 
seconds,  the  place  must  then  ha\e  been  7j 
degrees  west  of  the  Royal  Observatiiry.  Before 
Jupiter's  opposition  to  the  sun,  or  when  he 
passes  the  meridian  in  the  morning,  the  shadow 
is  situated  to  the  went  of  the  planet,  and  the 
immernaiu  happen  on  that  side;  but  after 
the  opposition  the  emersions  happen  to  the 
east.  These  eclipses  cannot  be  observed  with 
advantage  unless.  Jupiter  be  eight  degrees 
abovet  and  the  sun  at  least  eight  degrees  below 
the  horizon. 

The  eclipses  of  Jupiter's  moons  first  sug- 
gested the  idea  of  the  motion  of  light.  As 
the  orbit  of  the  earth  is  concentric  with  that 
of  Jupiter,  the  mutuafdistance  of  these  two 
bodies  is  contmually  varying.  In  the  following 
figure  let  £^  represent  the  sun ;  B,  C,  D,  E, 
Fig.  90.  the  orbit  of  the  earth; 

and  G,H,  a  portion 
of  the  orbit  of  Jupi- 
ter. It  is  evident 
'that  when  the  earth 
is  at  E  and  Jupiter 
at  Af  the  earth  will 
be  the  semidiameter 
of  its  or-bit  nearer 
Jupiter  than  when  it 
is  at  B  or  D;  and 
when  at  C  it  will  be 
the  whole  diameter 
of  ito  orbit,  or  190,- 
000,000  of  miles  fiir^ 
ther  from  'Jupiter 
than  when  it  is  at  E» 
Now  if  light  were 
instantaneous,  the  sa- 
tellite t,  to  a  specta- 
tor at  Bf  would  ap- 
pear to  enter  into 
Jupiter's  shadow,  k 
t,  at  the  same  mo- 
ment of  time  as  to 
another  spectator  at  E.  But,  from  numer- 
ous observations,  it  was  found,  that  when 
the  earth  was  at  Et  tiie  immersion  of  the 
satellite  into  the  shadow  happened  sooner 
by  eight  minutes  and  a  quarter  than  when 
the  earth  was  at  B,  and  sixteen  minutes  and 
a  half  sooner  than  when  the  earth  was  at 
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C.    It  ^ai  therefore  concluded  that  light  is  The  motioiis  and  diatancea  of  theae  bodm 

not  instantaneous,  but  requires  a  certain  space  have  not  been  so  accurately  ascertained  fts 

of  time  to  pass  from  one  region  of  the  unWerse  those  of  Jupiter.    The  following  statement 

to  another,  and  that  the  time  it  takes  in  passing  contains  a  near  approximation  of  their  periods 

from  the  sun  to  the  earth,  or  across  the  semi-  aaid  distances.    The  seventh  satellite,  or  that 

diameter  of  the  earth's  orbit,  KB  eight  minutes  nearest  to  Saturn,  is  distant,  130,000  miles 

and  a  quarter,  or  at  the  rate  of  192,000  miles  frt>m  the  centre  of  the  planet,  about  80,000 

every  second,  which  is  more  than  ten  hundred  from  its  surface,  and  only  about  18,000  milea 

thousand  times  swifter  than  a  cannon  ball  the  beyond  the  edge  of  the  outer  ring.    It  moves 

moment  it  is  projected  from  the  mouth  of  the  round  the  planet  in  twenty-two  hours,  Ihiity^ 

cannon ;  and  therefore  it  is  the  swiftest  move-  aeven  minutes,  a  circuit  of  377,000  miles,  at 

ment  with  which  we  are  acquainted  in  nature,  the  rate  of  16,755  miles  an  hour.    The  sixth 

It  follows  that,  if  the  sun  was  annihilated,  we  aatellite,  or  the  second  from  Saturn,  is  distant 

should  see  him  for  eight  minutes  afterward ;  150,000  miles,  and  finishes  its  revolution  in 

and  if  he  were  again  created,  it  would  be  eight  one  day,  eight  hours,  fifty-three  minutes.  The 

minutes  before  hiA  light  would  be  perceived,  first  of  tiie  old  sateUitea,  or  the  third  from  Sa- 

The  motion  of  light  deduced  firom  the  eclipses  turn,  finishes  its  periodical  revolution  in  one 

of  Jupiter's  satellites  has  been  confirmed  by  day,  twenty-one  hours,  eighteen  minutes,  at 

Dr.  Bradley's  diKOvery  of  the  aberration  of  the  distance  of  190,000  miles.    Tbe  second 

Mght  produced  by  the  annual  motion  of  the  (or  fourth  from  Saturn,)  in  two  days,  seveR- 

earth,  from  which  it  appears  that  the  light  teen    hours,    forty-four    and    three    quarter 

from  the  fixed  stars  moves  with  about  the  minutes,  at  the  distance  of  243,000  milesu 

same  velocity  as  the  light  of  the  sun.  The  thhd  (fifth  from  Saturn,)  in  four  daya, 

twelve  hours,  fifty-five  minutes,  at  the  distance 

m.  OS  TU  SATMLITBg  OF  SATW.lf.  ^    ^^  ^  ^^      j^    g„^    (^^,^    ,j^ 

Saturn  is  surrounded  with  no  less  than  Saturn,)  in  Q^leen  days,  twenty-two  houn 

seven  satellites,  which  revolve  around  him,  at  fifty-one  minutes,  at  the  diatance  of  788,000 

different  distances,  in  a  manner  similar  to  miles.    The  fifth  (seventh  from  Saturn,)  in 

those  of  Jupiter.    As  they  are  more  difficult  aeventy«ntne  days,  seven  hours,  and  fifty-four 

to  be  perceived  than  the  satellites  of  Jupiter,  and  a  half  minutes,  at  the  distance  of  2,297,- 

owing  to  the  great  distance  of  Saturn  from  the  000  miles. 

earth,  none  (rf*  them  were  discovered  till  the  The  orbits  of  the  rix  inner  satellites  are  in- 

telescope  was   considerably  improved ;    and  ctindd  about  thirty  degrees  to  the  plane  of  Sa^ 

more  than  a  century  intervened  after  the  first  turn's  orbit^  and  Ke  almost  exactly  in  the  plane 

five  satellites  till  the  sixth  and  seventh  were  of  the  rings,  and  therefore  they  appear  to  move 

detected.    As  was  to  be  supposed,  the  larger  in  ellipses  similar  to  the  ellipses  of  the  rings, 

satellites  were  first  discovered.    In  the  year  But  the  orbit  of  the  fifth  or  outer   satellite, 

1665,  about  forty-five  years  after  the  inven-  makes  an  angle  with  the  plane  of  Satum'a 

tion  of  the  telescope,  M.  Huygens,  a  celebrated  orbit  of  24  degrees,  45  minutes.    These  satel- 

DutcE  mathematician  and  astronomer,  die-  lites,  having  their  orbits  inclined  at  so  great 

covered   the    fourth  satellite,  which  is  the  angles  to  Saturn,  cannot  cross  the  body  of  that 

largest,  with  a  telescope  twelve  feet  long,  planet,  or  go  behind  it,  or  pass  through  its 

Four  of  the  others  were  discovered  by  Gas-  shadow,  as  Jupiter's  satellites  do,  except  on 

sini;  the  fifth  in  1671,  which  is  next  in  bright-  rare  occasions,  and  hence  they  very  seldom 

ness  to  the  fourth ;  the  third  in  December,  sufter  eclipses  or  occultations.    The  only  time 

1672 ;  and  the  first  and  second  in  the  month  when  eclipses  happen  ia  near  the  periods  when 

of  March,  1684.    These  four  satellites  were  the  ring  is  seen  edgewise.    The  fifth  or  most 

first  observed  by  common  refiracting  telescopes  distant  satellite  is  sometimes  invisible  in  the 

of  100  and  136  foet  in  length ;  but,  after  being  eastern  part  of  its  orbit,  which  is  supposed  to 

acquainted  with  them,  he  could  see  them  all,  ariw  from  one  part  of  the  satellite  being  leea 

in  a  dear  sky,  with  a  tube  of  thirty-four  feet  luminous  than  the  rest    Sir  W.  Herschel  ob- 

The  sixth  and  seventh  satelhtes,  were  die-  served  this  satellite  through' all  tiie  variationa 

covered  by  8b  W.  Herschel  in  August,  1789,  of  its  light,  and  concluded,  as  Casnni  had  done 

soon  after  his  large  forty  feet  reflecting  tele-  before,  that  it  turned  round  its  axis  like  oar 

scope  was  completed*    These  are  ndlurer  to  moon,  in  the  same  time  that  it  performed  ita 

Saturn  than  the  other  five ;  but,  to  avoid  con-  revolution  round  Saturn.    In  consequence  of 

frunon,  they  are  named  in  the  order  of  their  this  rotation,  the  obscure  part  of  its  disk  ia 

discovery.    The  following  is  the  order  of  the  turned  towards  the  earth  when  in  the  part  of 

ntellites  in  loipect  of  thdr  distance  from  Sa-  its  orbit  east  of  Saturn ;  and  the  luminous  por* 

tarn :  tion  of  its  surfiice  is  turned  to  the  earth  and 

ftaveatli.  Sixth.  Firit.  Seeond.Third.  Fourth.  Fifth,  becomes  viiible  while  it  passes  through  ihm 

12        3         4         5         6        7  western  part  of  its  ooune. 
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Of  thett  ntelKtes  the  twoinnennoit  are  the  tarn  ;  the  noarefct  satellite,  being  only  80,000 

maDest  and  the  most  difficult  to  be  perceived,  miles  from  the  turf  ace  of  the  planet,  which  i* 

They  have  never  been  diaoemed  but  with  the  only  the  one  third  of  the  distance  of  the  moon 

■KMtpowerfaltelescopea,and  then  under  pecu-  from  the  earth,  will  exhibit  a  veiy  large  and 

liar  circamflEtancea.    At  the  time  of  the  diaa{^  ^lendid  appearance.    Supposing  it  to  be  only 

pearaiioe  of  the  ring,  **  they  have  been  seen  ahout  the  diameter  of  our  moon,  it  will  piesent 

tfaieading,  Uke  beads,  the  most  infinitely  thin  a  surfiice  nearly  nine  times  larger  than  the 

fibre  of  light  io  which  it  is  then  reduced,  and,  moon  does  to  us ;  and  in  the  course  of  twenty- 

for  a  short  time,  advancing  off  it  at  either  end«"  two  and  a  half  hours  will  exhibit  all  the  phases 

Few  astronomers  besides  Sir  W.  Herschel  and  ^  a  crescent,  half  moon,  full  moon,  dec,  which 

his  son  have  been  able  to  detect  these  small  the  moon  presents  to  us  in  the  course  of  a 

bodiea.    The  celebrated   Schroeter  and  Dr.  month ;  so  that  almost  every  hour  its  phaae 

Haiding,  on  the  17th,  20th,  21st,  and  27th  of  will  be  sensibly  changed,  and  its  motion  round 

Febmary,  1798,  obtained  several  viewa  of  the  the  heavens  will  appear  exceedingly  rapid. 

sixth  satellite  (the  second  from  Saturn^  by  While,  in  consequence  of  the  diurnal  rotati<»i 

means  of  a  reflecting  telescope  13  feet  long,  of  Saturn,  it  will  appear  to  move  from  east  to 

eanying  a  power  of  288.    Their  observations  west,  it  will  also  be  seen  moving  with  a  rapid 

folly  confirmed  the  accuracy  of  Sir  W.  Her-  velocity  among  the  stars  in  a  contrary  direo> 

schefs  statement  of  ^le  period  of  its  revolu-  tion,  and  will  pass  over  a  whole  hemisphere 

tlon.    The  first  and  second  satellites  (third  of  the  heavens  in  the  course  of  eleven  hours. 

and  fourth  from  Saturn)  are  the  next  smallest ;  The  next  satellite  in  order  from  Saturn,  being 

the  third  (fifth  from  Saturn)  is  greater  than  only  110,000  miles  from  his  surface,  will  also 

the  first  and  second ;  the  fourth  (sixth  from  present  a  splendid  appearance,  much  larger 

Saturn)  the  most  conspicuous  and  the  most  than  our  moon,  and  will  exhibit  all  the  phases 

distant  satellita,  according  to  Sir  John  Her-  of  the  raoon  in  the  course  of  sixteen  hours. 

schel,  is  by  fiur  the  largest,  although  it  is  not  All  the  other  satellites  will  exhibit  somewhat 

so  conspicuous  in  one  part  of  its  orbiL    In  similar  phenomena,  but  in  difierent  periods  of 

Older  to  see  any  of  the  satellites  of  this  planet,-  time.    They  will  appear,  when  viewed  from 

a  good  telescope,  with  a  power  of  at  least  70  the  sur&ce  of  Saturn^  of  diflerent  sizes;  some 

or  80  times,  is  requisite,  and  with  such  a  power  of  them  nine  times  larger  than  the  moon  aj^ 

only  the  two  outermost  satellites  will  be  per-  pears  to  us,  some  three  times,  some  double  the 

eeived.    To  perceive  all  the  five  old  satelUtes  size,  and  it  is  probable  that  even  the  most  dii^ 

requires  a  power  of  at  least  200  times,  and  a  tant  satellites  will  appear  nearly  as  large  as 

ooosidefBble  quantity  of  light  our  moon,  so  that  a  most  beautiful  and  sublime 

Magmtude  of  Saturn's   SaUlUtea^^^The  variety  of  celestial  phenomena  will  be  pre- 

precise  bulk  of  these  satellites  has  not  yet  been  sented  to  a  spectator  in  the  heavens  of  Saturn, 

accurately  determined.    Sir    John  Herschel  besides  the  diversified  aspects  of  the  rings  to 

eetimatee  the  most  distant  satellite,  which  he  which  we  fonnerly  adverted,  all  displaying 

thinks  the  largest,  as  not  much  inferior  in  size  the  infinite  grandeur  and  beneficence  of  the 

to  the  planet  Mars,  which  is  4200  miles  in  Creator, 

diameter.    The  fourth  satellite,  which  is  the  ^^  «-  «»,  a.n,.T*T«»«  /..  «.^«r^. 

^                                             .    «                        J   .      1.  IV.  Oir  THE  SATBLKITXS  OF  VKAITUS. 

most  conspieuous,  cannot  be  supposed  to  be 

much  inferior  to  it  in  bulk.  But  as  the  precise  This  planet  is  attended  by  six  satellites,  all 

dimennons  of  most  of  the  inner  satellites  of  which  were  discovered  by  Sir  W.  Herschel, 

cannot  be  estimated  with  accuracy,  we  diall  to  whom  we  owe  the  discovery  of  the  planet 

not,  perhaps,  exceed  the  dimensions  of  these  itself.    The  second  and  fourth  satellites  were 

Dodies  if  we  suppose  for  the  whole  a  general  detected  in  January,  1787,  about  six  years 

average  of  3000  miles  diameter  for  each.    On  after  the  planet  was  discovered ;  the  other  four 

this  assumption,  the  surfoce  of  each  satellite  were  discovered  several  years  afterwa^,  but 

will  contain  28,274,400  of  square  miles,  which  their  distances  and  periodical  revolutions  have 

is  nearly  double  the  area  of  our  moon.    The  not  been  so  accurately  ascertained  as  those  of 

area  of  all  the  seven  satellites  will  therefore  the  two  first  discovert, 

amount  to  197,920,800  square  miles,  which  is  The^r«/  of  these  satellites,  or  (he  nearest 

four  times  the  quantity  of  surface  on  all  the  to  Uranus,  completes  its  sidereal  revolution  in 

habitable  parte  A  the  earth.    At  the  rale  of  6  days,  21  hours,  and  25  minutes,  at  the  dis- 

280  inhabitants  to  the  square  mile,  these  satel-  tance  of  224,000  miles  from  the  centre  of  the 

files  woukl  therefore  contam  56,417,824,000,  planet    The  iieeond  in  8  days,  17  hours,  at 

or  more  than  fifty-fivt  tfunuand  miUiona  of  the  distance  of  291,000  miles.    The  third  in 

mhabitanta,  which  is  sixty-nine  times  the  po-  10  days,  23  hours,  at  the  distance  of  340,000 

pulation  of  our  globe.  miles.    The  fourth  in  13  days,  11  hours,  at 

These  satellites  will  present  a  beautifiil  and  the  distance  of  390,000  miles.    The  fifth  m 

vvieeated  appearance  in  the  firmament  of  Sa-  38  days,  one  hour,  48  minutes,  at  the  distance 
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of  777,000  inQea.    The  sixth  in  107  days,  16  ascend  through  the  shadow  of  the  planet  in  a 

hoars,  40  minutes,  at  the  distance  of  1,556,000  direction  ahnoet  perpendicular  to  the  plane  at 

miles.  its  orbit    It  is  probable  that  this  planet  is 

These  bodies  present  to  our  view  some  re-  attended  with  more  satellites  than  those  which 
markable  and  unexpected  peculiarities.  Con-  have  yet  been  discovered.  It  is  not  unlikely 
trary  to  the  analogy  of  the  whole  planetary  that  two  satellites  at  least  revolve  between  the 
system,  the  planes  of  thar  orbits  are  nearly  body  of  the  planet  and  the  first  satellite ;  for 
perpendicular  to  the  ediptie,  being  inclined  the  third  satellite  of  Saturn  is  not  nearly  so 
no  less  than  79  degrees  to  that  plane.  Their  far  distant  from  the  surface  of  that  planet  ajs 
motions  in  these  orbits  are  likewise  found  to  the  first  satellite  of  Uranus  is  from  its  centre, 
be  retrograde,  so  that,  instead  of  advanciug  But  as  the  inner  satellites  may  be  supposed 
firom  west  to  oast  round  Uranus,  as  all  the  to  be  the  smallest,  and  yet  present  as  large  a 
other  planets  and  satellites  do,  they  move  in  surface  to  the  planet  as  the  exterior  ones,  it  is 
the  opposite  direction.  Their  orbits  are  quite  probable  that,  on  account  of  their  diminutive 
circular,  or  very  nearly  so,  and  they  do  not  size,  they  may  never  be  detected.  It  is  like- 
appear  to  have  undergone  any  material  change  wise  not  improbable  that  two  satellites  may 
of  inclination  since  the  period  of  their  disco-  exist  in  the  large  spaces  which  intervene  be- 
very.  "  These  anomalous  peculiarities,"  says  tween  the  orbits  of  the  fourth  and  fifth,  and 
Sir  John  Herschel,  "  seem  to  occur  at  the  ex-  the  fifUi  and  sixth  satellites.  All  these  satel- 
treme  limits  of  the  system,  as  if  to  prepare  us  lites  will  not  only  pour  a  ^ood  of  light  on 
for  further  departure  from  all  its  analogies  in  this  distant  planet,  but  will  exhibit  a  splendid 
other  systems  which  may  yet  be  disclosed  to  and  variegated  appearance  in  its  nocturnal 
ns"  in  the  remoter  regions  of  space.  firmament 

The  satellites  of  Uranus  are  the  most  diffi-  The  satellites  of  Jupiter,  Saturn,  and  Ura- 
cult  objects  to  perceive  of  any  v^ithin  the  nus,  of  which  we  have  given  a  hrief  descrip- 
boundary  of  the  planetary  system,  excepting  tion  in  the  preceding  pages,  form,  as  it  were, 
the  two  interior  satellites  of  Saturn ;  and  so  many  distinct  planetary  systems  in  con- 
therefore  few  observers,  excepting  Sir  William  nexion  with  the  great  system  of  the  sun.  The 
and  Sir  John  Herschel,  have  obtained  a  view  same  laws  of  motion  and  gravitation  which 
of  them.  Their  magnitudes,  of  coarse,  have  apply  to  the  primary  planets  are  also  appli- 
never  been  precisely  determined ;  but  there  is  cable  to  the  secondary  planets  or  moons.  The 
every  reason  to  believe  that  they  are,  on  an  squares  of  their  periodical  times  are  in  pro- 
average,  as  large  as  the  satellites  of  Saturn,  portion  to  the  cubes  of  their  distances.  They 
if  not  larger,  odierwise  they  could  not  be  pe*"-  are  subject  to  the  attraction  of  their  primaries^ 
oeived  at  the  immense  distance  at  which  they  as  all  the  primary  planets  are  attracted  by  the 
are  placed  from  our  globe.  Supposing  them,  sun ;  and  as  the  sun,  in  all  probability,  La  car- 
on  an  average,  to  be  3000  miles  in  diameter—  ried  round  a  distant  Asntre  along  with  all  his 
and  they  can  scarcely  be  conceived  to  be  leas  attendants,  so  the  satellites  are  carried  round 
— ^the  surfaces  of  all  the  six  satellites  will  the  sun  along  with  their  respective  planets ; 
contain  169,646,400  square  miles,  or  about  partly  by  the  influence  of  these  planets,  and 
3^  times  the  area  of  all  the  habitable  portions  partly  by  the  attractive  power  of  the  great 
of  the  earth ;  and  which,  at  the  rate  formerly  central  luminary.  Each  of  those  secondary 
stated,  would  afford  scope  for  a  population  of  systems  forms  a  system  by  itself,  far  more 
47,600,992,000,  or  above  forty-seven  thousand  grand  and  extensive  than  tlie  whole  planetary 
millions,  which  is  about  sixty  times  the  pre-  system  was  conceived  to  be  in  former  tiiaes. 
sent  number  of  the  inhabitants  of  the  earth.  Even  the  system  of  Saturn  itself,  including 

The  satellites  of   Uranus  seldom    sufier  its  rings  and  satellites,  contains  a  mass  of 

eclipses ;  but  as  the  plane  in  which  they  move  matter  more  than  a  thousand  times  larger  than 

must  pass  twice  in  the  jear  through  the  sun,  the  earth  and  moon.    The  system  of  Jupiter 

&ere  may  be  eclipses  of  them  at  those  times ;  comprises  a  mass  of  matter  nearly  fifben  hun- 

but  they  can  be  seen  only  when  the  planet  is  dred  times  the  size  of  these  two  bodies ;  and 

near  its  opposition.    Some  eclipses  were  visi-  even  that  of  Uranus  is  more  than  eighty  times 

ble  in  1799  and  1818,  when  they  appeared  to  the  dimensions  of  our  terrestrial  system. 


CHAPTER  V. 

On  the  Perfeetions  of  the  Deity ,  as  displayed  in  the  Planetary  System, 

Ail  the  works  of  nature  speak  of  their  misunderstood.    They  proclaim  the  existenco 
Author  in  language  which  can  scarcely  be   of  an  original,  uncreated  Cause,  of  an  etavnl 
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Power  and  Intelfigence,  and  of  a  supreme  tion,  and  gives  scope  to  the  mathematician's 

M^ncy  which  no  created  being  can  control,  skill,  and  to  overlook  the  demonstrations  it 

**  The  heavens'*  in  a  pitrticular  manner  **  de-  aiToids  of  the  invisible  Divinity,  would  be  to 

dare  the  glory  of  God,  and   the  firmament  ank  this  noble  study  far  below  its  native  dig- 

afaoweth  forth  his  handiwork/*    When  we  nity,  and  to  throw  into  the  shade  the  most 

consider  the  heavenly  orbs  in  their  size,  their  illustrious  manifestations  of  the  glories  of  the 

distance,  the  rapidity  of  their  motions,  and  Eternal  Mind. 

the  regularity  and  harmony  with  which  they  When    we  contemplate    the    stupendous 
pcrfiMm  their  respective  revolutions,  it  is  ob-  globes  of  which  the  planetary  system  is  com^ 
vioos  to  the  least  attentive  observer  that  such  posed,  and  the  astonishing  velocity  with  which 
bodies  could  not  have  fonned  themselves,  or  they  run  their  destined  rounds,  we  cannot  but 
have  arranged  their  motions,  their  periods,  be   struck  with  an  impressive  idea  of  the 
and  their  laws  in  the  beautiful  order  in  which  rowxs  of  the  Deity ;  of  the  incomprehen- 
we  now  behold  them.    Motion  of  every  kind  sible  ekibcies  of  the  eternal  mind  that  first 
supposes  a  moving  power.    As  matter  could  launched  them  mto  existence.    What  are  all 
not  make  itself  so  neither  can  it  set  itself  in  the  efforts  of  puny  man  as  displayed  in  the 
motion.     Its  motion  must  commence  from  a  machinery  he  has  set  in  motion,  and  in  the 
power  exterior  to  itself,  and  that  power  most  most  magnificent  structures  he  has  reared,  in 
correspond  in  energy  to  the  effect  produced,  comparison  with  worlds  a  thousand  times 
In  the  planetary  system  we  find  bodies  a  thou-  larger  than  this  earthly  ball,  and  with  forcei 
sand  times  larger  than  the  earth  moving  with  which  impel  them  in  their  courses  at  the  rate 
a  velocity  sixty  times  greater  than  a  cannon  of  thirty  thousand,  and  even  a  hnndnd  thou- 
ball,  and  carrying  along  with  them  in  their  sand  miles  an  hour !    The  mind  is  over- 
train other  expanave  globes  in  the  same  swiA  powered  and  bewildered  when  it  contemplates 
career.     Such  motions  could  only  proceed  such  august  and  magnificent  operations.  Man, 
firom  a  power  which  is  beyond  calculation  or  with  all  his  imaginary  pomp  and  greatness, 
human  oomprehensiaQ ;  aiid  such  a  power  can  appears,  on  comperison,  as  a  mere  microscopic 
only  reside  in  an  uncreated,  self-existent,  and  animalcula,  yea,  as  "less  than  nothing  and 
independent  Intelligence.    The  continuance  vanity;"  and  such  displays  of  the  omnipo- 
of  such  motions  must  likewise  depend  upon  tence  of  Jehovah  are  intended  to  bring  down 
the.  incessant  agency  of  the  same  Almighty  the  '*  lofty  looks  of  men,**  and  to  stain  the 
Being,  either  directly,  or  through  the  medium  pride  of  all  human  grandeur,  '*  that  no  flesh 
of  such  subordinate  agents  as  he  is  pleased  to  should  glory  in  his  presence."     Without  ma- 
appoint  for  the  accomplishment  of  his  designs,  terials,  and  without  the  aid  of  instruments  or 
In  this  respect  the  laws  of  motion,  of  attrao-  machinery,  the  foundations  of  the  planetary 
tion,  gravitation,  electricity,  and  other  powers,  system  were  laid,  and  all  its  arrangements 
are  so  many  agents  under  the  direction  and  completed.    "  He  only  spakcy  and    it   was 
control  of  the  Almighty  for  carrying  forwi  d  done ;"    he  only  gave  me  command^  and 
the  pUns  of  his  physiod  and  moral  govet  •  mighty  worlds  started  into  existence  and  run 
ment  of  the  universe.  their  spacious  rounds.    ^  By  the  word  of  the 
The  study  of  astronomy  ought  always  to  Lord  were  the  heavens  made,  and  all  the  host 
have  in  view  as  its  ultimate  object,  to  trace  of  them  by  the  breath  of  his  mouth."    That 
the  Divine  perfections  as  displayed  in  the  Almighty  Being  who,  by  a  single  volition, 
phenomena  of  the  heavens.    For,  as  our  poet  could  produce  such  stupendous  effects,  must 
Milton  expresses  it,  *'  Heaven  is  as  the  book  he  capable  of  effecting  what  &r  transcends 
of  God  before  us  set,  wherein  to  read  his  our  limited  conceptions.    His  agency  must  be 
wondrous  works."    There  is  no  scene  we  can  universal  and  uncontrollable,  and  no  created 
contemplato  in  which  the  attributes  of  the  being  can  ever  hope  to  frustrate  the  purposes 
Divinity  are  so  magnificently  displayed.    It  of  his  will  or  counteract  the  designs  of  his 
is  in  the  heavens  alone  that  we  perceive  a  moral  government    Whatever  he  has  pro- 
sensible  evidence  of  the  infinity  of  his  per-  mised  will  be  performed ;  whatever  ho  has 
fections,  of  ^e  grandeur  of  his  operations,  predicted  by  his  inspired  messengers  must 
and  of  the  immeaaorable  extent  of  his  uni-  assuredly  be  accomplished.    "For  the  king* 
versal  dommions.    Even  the  planetary  sys-  dom  \a  the  Lord's,  he  is  the  Governor  among 
lem,  small  as  it  is  in  comparison  of  the  whole  the  nations,"  and  all  events,  and  the  move- 
extent  of  creation,  contains  within  it  wonders  ments  of  all  intelligent  beings,  are  subject  to 
of  creating  Omnipotence  and  skill  which  al-  his  sovereign  control.    <'  Though  the  moun- 
moft  overpower  the  human  faculties,  and  de-  tains  should  be  carried  into  the  midst  of  the 
monstrate  the  **  eternal  power  and  godhead"  seas,  and  the  earth  reel  to  and  fio  like  a 
of  Him  who  at  first  brought  it  into  existence,  drunkard ;"  yea,  thoujirh  this  spadons  globe 
To  consider  astronomy  merely  as  a  secular  should  be  wrapped  in  flames,  and  *'  all  that  it 
bnacb  of  knowledge,  which  imm-oves  naviga-  inherits  be  dissolved^"  yet  that  power  whidi 
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broaght  into  exietenoe  the  planetaxy  worlds,  force  of  the  Bentiments  of  inspiratton :  **  Tn 
and  has  supported  them  in  their  rapid  career  Lobd  God  OxiripoTzirT  KEroivETH.  His 
^or  tiiousaiids  of  years,  can  cause  *'  new  hea-  power  is  irresistible ;  his  greatness  is  unsearch- 
Tens  and  a  new  earth,  wherein  dwelieth  rights  able ;  wonderful  things  doth  he  which  we  can- 
eousness/'  to  arise  out  of  its  rums,  and  to  not  comprehend."  The  motions  of  the  bodies 
remain  in  undiminished  beauty  and  splendour,  which  compose  this  system  convey  an  impres- 

**  The  heavens,"  says  an  inspired  writer,  sive  idea  of  the  agency  and  the  energies  of 
'*  declare  the  glory  of  the  Lord,  and  there  is  Omnipotence.  One  of  these  bodies,  cigltly 
ao  speech  nor  language  where  their  voice  is  times  larger  than  the  earth,  and  the  slowest 
not  heard."  Even  the  pagan  nations  were  moving  orb  in  the  system,  is  found  to  move 
impressed  wilh  the  power  of  a  supreme  Intel-  through  its  expansive  orbit  at  the  rate  of  fiileen 
ligence  from  a  contemplation  of  the  nocturnal  thousand  miles  an  hour ;  another  at  twenty- 
firmament  **  When  we  behold  the  heavens,"  nine  thousand  miles  in  the  same  periou, 
says  Gioero, ''  when  we  contemplate  the  cele»>  although  it  is  more  than  a  thousand  times  the 
tial  bodies,  can  we  fail  of  conviction  1  Must  size  of  oar  globe ;  another  at  the  rats  of  eighty 
we  not  acknowledge  that  there  is  a  Divinity,  thousand  miles ;  and  a  fourth  with  a  velocity 
a  perfect  being,  a  ruling  intelligence  that  go-  of  more  than  a  hundred  Uionsand  miles  eveiy 
vems,  a  God  who  is  every  where,  and  directs  hour,  or  thirty  miles  during  every  boat  of  our 
all  by  his  power  ?  Any  one  who  doubts  this  pulse.  The  mechanical  forces  requisite  to 
may  as  well  deny  that  there  is  a  sun  that  en-  produce  such  motions  surpass  the  mathemad* 
lightens  us."  Plato,  when  alluding  to.  the  cian*s  skill  to  estimate  or  the  power  of  nam- 
motions  of  the  sun  and  planets,  exclaims,  hers  to  express.  8uch  astonishing  veiodtiesy 
**  How  is  it  possible  for  such  prodigious  masses  in  bodies  of  so  stupendous  a  magnitude,  though 
to  be  carried  round  for  so  long  a  period  by  incomprehensible  and  overwhelming  to  our 
any  natural  cause  ?  for  which  reason  I  assert  limited  faculties,  exhibit  a  most  ctHivindng 
God  to  be  the  great  and  first  cause,  and  that  demonstration  of  the  existence  .of  an  agency 
it  is  impossible  it  should  be  otherwise."  and  a  power  which  no  created  beings  can  ever 

A  very  slight  view  of  the  planetary  system  counteract,  and  which  no  limits  can  controL 
is  sufficient  to  impress  our  minds  with  an  Above  all,  the  central  lK>dy  of  this  system  pre* 
overpowering  sense  of  the  grandeur  and  sents  to  our  view  an  object  which  is  altogether 
omnipotence  of  the  Deity.  In  one  part  of  it  overpowering  to  human  intellects,  and  of 
we  behold  a  globe  fourteen  hundred  times  whidi,  in  our  present  state,  we  shall  neve  be 
larger  than  our  world  flying  through  the  depths  able  to  form  an  adequate  conception.  A  Xxdai* 
of  space,  and  carrying  along  with  it  a  retinue  nous  globe,  thirteen  hundred  thousand  times 
of  revolving  worlds  in  its  swift  career.  In  a  larger  than  our  worid,  and  five  hundred  times 
more  distant  region  of  this  system  we  behold  more  capacious  than  all  the  planets,  satellite!^ 
another  globe,  of  nearly  the  same  size,  sur-  and  comets  taken  together,  and  this  body  re- 
rounded  by  two  magnificent  rings,  which  vo*ving  round  its  axis  and  through  the  regions 
would  indose  500  worlds  as  large  as  ours,  of  space,  extending  its  influences  to  Uie  n»- 
winging  its  flight  through  tfie  regions  of  im-  n  itest  spaces  ofthesysteni,iind  retaining  by  its 
meuMty,  and  conveying  along  with  it  seven  a4.tractive  power  all  the  planets  in  their  orbits, 
planetary  bodies  larger  than  our  moon,  and  is  an  object  which  the  limited  faculties  of  the 
the  stupendous  arches  with  which  it  is  en-  human  mind,  however  improved,  can  never 
circled,  over  a  drcumferenoe  of  five  thousand  grasp,  in  all  its  magnitude  and  relations,  so  aa 
seven  hundred  milhons  of  miles.  Were  we  to  form  a  full  and  comprehensive  idea  of  its 
to  suppose  ourselves  placed  on  the  nearest  sa-  magnificence.  But  it  displays  in  a  most  as- 
tellite  of  this  planet,  and  were  the  satellite  sup-  tonishing  manner  the  n RAimBun  of  Him  who 
posed  to  be  at  rest,  we  should  behold  a  scene  launched  it  into  existence,  and  lighted  it  up 
of  grandeur  altogether  overwhelming;  a  globe  *'by  the  breath  of  his  moudi ;"  and  it  exhibits 
filling  a  great  poition  of  the  visible  heavens,  to  all  intelligences  a  demonstration  of  his 
encircled  by  its  immense  rings,  and  surrounded  ^  eternal  power  and  godhead."  So  that,  al- 
by  its  moons,  each  moving  in  its  distinct  sphere  though  there  were  no  bodies  existing  in  the 
and  around  its  axis,  and  all  at  the  same  time  universe  but  those  of  the  planetary  system, 
flying  before  us  in  perfect  harmony  with  the  they  would  afford  an  evidence  of  a  power  to 
velocity  of  22,000  miles  an  hour.  Such  a  which  no  limits  can  be  assigned ;  a  power 
scene  would  fiir  transcend  every  thing  we  now  which  is  infmite,  universal,  and  uncontrollable, 
behold  fiom  our  terrestrial  sphere,  and  all  the  The  planetary  system  likewise  exhibits  a 
conoeptii>ns  we  can  possibly  form  oS  motion,  display  of  the  wisdom  and  inteiligenee  of  the 
of  sublimity,  and  grrandeur.  Contemplating  Deity.  If  it  is  an  evidence  of  wisdom,  in  an 
such  an  assemblage  of  magnificent  objects  artist  that  he  has  arranged  all  the  parts  of  a 
moving  through  the  ethereal  regions  with  such  machine,  and  proportioned  the  movements  of 
•stonishing  velocity,  we  would  feel  the  full  its  different  wheels  and  pinions  so  as  exactly 
(472; 
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¥  tceOmpluli  the  end  intended,  then  the  ar-       The  same  wisdom  is  conspicuotis  in  so 
nngement  of  the  planetary  ^stem  affords  a  nieefy  balancing  and  proportiaaiftg  the  ntag' 
bright  display  of  *Uhe  manifold  wisdom  of   mtude»s  motions,  and  dUiances  of  the  pkafiet" 
God."    In  the  otntre  of  this  system  is  placed  ary  orbs.    We  find  that  the  larger  planets 
the  great  source  of  light  and  heat ;  and  from   move  in  orbits  most  remote  from  the  smaller 
no  other  point  conld  those  solar  emanations  be   planets  and  from  the  centre  of  the  system.  If 
propagated,  in  an  equable  and  uniform  man-   the  great    planets  Jupiter  and  Satnrn  had 
per,  to  the  worlds  which  roll  arottnd  it.    Had   moved  in  lower  spheres  and  at  no  great  dis- 
the  son  been  placed  at  a  remote  distance  from   tance  from  the  smaller,  their  attractive  foice 
the  centre,  or  near  one  of  the  planetary  orbits,   would  have  had  a  much  more  powerful  infiu- 
the  planets  in  one  part  of  theb  course  would   ence  than  it  now  has  in  disturbing  the  planet- 
have  been  scorched  with  the  most  intense   ary  motions,  and  might  have  introduced  con- 
heat,  and  in  another  part  would  have  been   siderable  confrision  into  the   system.    But, 
subjected  to  all  the  rigors  of  excessive  cold ;   while  they  revolve  at  so  great  distances  from 
their  motions  would  have  been  deranged,  and  all  the  inferior  planets,  their  influence  is  in* 
their   present  constitution    destroyed.    The  considerable,  and  the  slight  perturbations  they 
enonnousbalk  of  this  central  body  was  likewise   produce  are  not  permanent,  but /7eno(ftc«z/ ; 
rsqmsiie  to  diffuse  light  and  attmctive  influence   they  come  to  a  limit,  and  then  go  back  again 
tiuongfaont  every  part  of  the  system.    The   to  the  same  point  as  before.    Again,  the  law 
diurnal  rotaiians  of  the  planets  evince  the  of  gravitation,  by  which  the  planets  are  di- 
same  wisdonx  and  intelligence.    Were  these  rected  in  their  motions,  is  also  an  evidence  of 
bodies  destitute  of  dhimal  motions,  one  half  of    Divine  intelligence.    The  law  is  found  to  act 
their  surface  would  be  parched  veith  perpetual   reciprocally  as  the  square  of  the  distance ;  that 
day,  and  the  other  half  involved  in  ^e  gloom   is,  at  double  the  distance  it  has  one  fourth, 
of  a  perpetual  night    To  the  inhabitants  of    and  at  triple  the  distance  one  ninth  of  the 
one  hemisphere  the  sun  would  never  appear,  force ;  at  one  half  the  distance  it  has  four 
and  to  the  inhabitantB  of  the  other  the  stars   times,  and  at  one  third  the  distance  it  has  nine 
#0D)d  be    invisible;    and    those    expansive   times  the  strength  or  influence.  Now  it  could 
regions  of  tte  universe,  where  the  magnifl-   easily  be  shown,  that  a  law  directly  opposite 
cenoe  of  God  is  so  strikingly  displayed,  would   to  this,  or  even  differing  materially  from  it, 
be  for  ever  veiled  from  their  view.    The  per-  would  not  only  derange  the  harmony  of  the 
maneney  of  the   axes  on  which  the  planets   system,  but  might  be  attended  with  the  most 
revolve  was  likewise  necessary,  in  order  to  the   disastrous  consequences.    If^  for  instance,  a 
stability  of  the  system  and  the  comfort  of  its  planet  as  large  and  as  remote  as  Saturn  had 
inhabitants ;  and  so  we  find  that  their  poles   attracted  the  earth  in  proportion  to  the  quan- 
point  invariably  in  the  same  direction  or  to   tity  of  matter  it  contfuns,  and,  at  the  same 
the  same  points  of  the  heavens,  with  only  a  time,  in  any  proportion  to  its  distance  ;  in 
slight  varmtion  scarcely  perceptible  till  after  other  words,  had  its  attractive  power  b^en 
the  lapse  of  centuries.    As  the  planets  are  of    greater  the  further  it  was  removed  from  us,  it 
a  spheroidal  figure,  fiad  the  direction  of  their  would  have  dragged  our  globe  out  of  its  course, 
axes   been    liable    to  frequent   and   sudden   deranged  its  motions,  and,  in  all  probability, 
changes,  the  most  alarming  and  disastrous   deprived  us  of  the  security  we  now  possess, 
^itastrophefl  might  have  ensued.    In  such  a   and  of  all  the  prospects  and  enjoyments  which 
globe  as  ours,  the  shifting  of  its  axis  might   depend  upon  its  equable  and  harmonious  move- 
change  the  equatorial  parts  of  the  earth  into   ments.  There  is  no  contrivance  In  the  system 
the  polar,  or  the  polar  into  the  equatorial,  to   more  wonderful  than  the  rings  of  Saturn. 
the  utter  destruction  of  those  plants  and  ani-   That  these  rings  should  be  separated  thirty 
mats  which  are  not  capable  of  interchanging  thousand  miles  from  the  body  of  the  planet ; 
their  situations.    Such  a  change  would  like-   that  they  should,  notwithstanding,  accompany 
wise  cause  the  seas  to  abandon  their  former   the  planet  in  its  revolution  round  the  sun,  pre- 
pontions,  and  to  rush  to  the  new  equator ;  the   serving  invariably  the  same  distance  from  it ; 
consequence  of  which  would   be,  that  the   that  they  should  revolve  round  the  planet  every 
greater  part  of  the  meii  and  animals  with   ten  hours,  at  the  immense  velocity  of  more 
which  it  is  now  peopled  would  be  again  over-   than  a  thousand  miles  in  a  minute ;  and  that 
whelmed  in  a  general  deluge,  and  the  habit-   they  should  never  fly  off  to  the  distant  regions 
able  earth  reduced  to  a  cheerless  desart    But   of  space,  nor  fell  down  upon  the  planet,  are 
all  such  disasters  are  prevented  by  the  per-   circumstances  which  require  adjustments  fiir 
manent  position  of  the  axis  of  our  globe  and   more  intricate  and  exquisite  than  we  can  coi^ 
of  the  other  planets  during  every  part  of  their   ceive,  and  demonstrate  that  the  almighty  con- 
annual  revolutions,  as  fixed  and  determined   triver  of  that  stupendous  appendage  to  the 
by  Him  who  is  "  wonderful  in  couusel  and  ex*   globe  of  Saturn  is  <*  great  in  counsel    and 
eeUeiit  in  tvorking."  mighty  in  operation.'*   Yet  these  adjustments^ 
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in  Whatever  they  may  conaiat,  have  been  com-  centre  of  gravity^  and  motion.    Withoat  fhk 

pletely  effected.    For  this  -  planet  has  been  figure  there  could  have  been  no  comfortable 

flying  through  the  regions  of  space  in  a  regular  and  regular  alternations  of  day  and  night  in 

curve  for  thousands  of  years,  and  the  system  our  world  as  we  now  enjoy,  and  the  light  of 

of  its  satellites  and  rings  still  remains  perma-  the  sun  and  the  mass  of  waters  could  not  have 

nent  and  unimpaired  as  at  its  first  creation.  been  equably  distributed.  Had  the  earth  been 

An  evidence  of  wisdom  may  likewise  be  of  a  cubical,  prismatic,  or  pentagonal  form,  or 

perceived  in  the  distance  at  which  each  planet  of  any  other  angular  figure,  some  parts  would 

is  placed  from  the  great  central  body  of  the  have  been  comparatively  near  the  centre  of 

system.    In*  the  case  of  our  own  globe,  its  gravity,  and  others  hundreds  or  thousands  of 

distance  from  the  sun  is  so  adjusted  as  to  miles  further  from  it ;  certain  countries  would 

correspond  to  the  density  of  the  earth  and  liave  been  exposed  to  furious  tempests,  which 

waters,  to  the  temper  and  constitution  of  the  would  have  overturned  and  destroyed  every 

bodies  of  men  and  other  animals,  and  to  the  object,  while  others  would-  have  been  stifled 

general  state  of  all  things  here  below.     The  for  want  of  currents  and  agitation  in  the  air; 

quantity  of  light  which  the  central  luminary  one  part  would  have  been  overwhelmed  with 

difluses  around  us  is  exactly  adapted  to  the  water,  and  another  entirely  destitute  of  the 

structure  of  our  eyes,  to  the  width  of  their  liquid  element ;  one  part  might  have  enjoyed 

pupils,  and  the  nervous  sensibility  of  the  the  benign  influence  of  the  sun,  while  anoUier 

retina.    The  heat  it  produces,  by  its  action  might  have  been  within  the  shadow  of  eleva- 

on  ^e  caloric  connected  with  our  globcy  is  of  tions  a  hundred  miles  high,  and  in  regions  of 

such  a  temperature  as  is  exactly  suited  to  the  insufferable  cold.  In  short,  while  one  country 

nature  of  the  soil  and  to  the  constitution  oi  might  have  resembled  a  paradise,  others  would 

the  animal  and  vegetable  ttibcs.    It  is  placed  have  been  transformed  into  a  chaos,  where 

at  such  a  distance  as  to  enlig^hten  and  warm  nothing  was  to  be  seen  but  barrenness  and 

us,  and  not  so  near  as  to  dazzle  us  with  its  hideous  desolation ;  but  the  globular  figure 

splendour  or  scorch  us  with  its  excessive  heat ;  which  the  Creator  has  given  to  our  world 

but  to  cheer  all  the  tribes  of  living  beings,  and  prevents  all  such  inconveniences  and  evila^ 

to  nourish  the  soil  with  its  kindly  warmth,  and  secures  to  us  all  the  advantages  we  enjoy 

Were  the  earth  removed  fifty  millions  of  from  the  equable  distribution  of  light  and 

miles  further  from  the  sun,  every  thing  around  gravity,  of  tlie  waters  of  our  seas  and  rivers^ 

us  would  be  frozen  up,  and  we  sliould  be  and  of  the  winds  and  motions  of  the  atmo- 

perpetually  shivering  amid  all  the  rigors  of  sphere ;  and  arrangements  similar  or  analo* 

excessive  cold.     Were  it  placed   as    much  gous  are  enjoyed  by  all  the  other  planetary 

nearer,  the  waters  of  the  rivers  and  the  ocean  worlds,  in  consequence  of  the  globular  figure 

would  be  transformed  into  vapour ;  the  earth  which  has  been  impressed  upon  them, 

would  he  hardened  into  an  impenetrable  crust ;  The  same  Divine   Wisdom  is  displayed 

the  process  of  vegetation  would  cease ;  and  all  throughout  the  solar  system  in  the  nice  ad' 

the  orders  of  animated  beings  would  faint  justment  of  the  projectile  velocity  to  the 

under  the  excessive  splendour  of  the  solar  attractiife  power.    The  natural  tendency  of 

beams.     There  can  be  no  doubt  that  the  all  motion,  impressed  by  a  single  force,  is  to 

distances  of  the  other  planets  are  likewise  make  the  body  move  in  a  strcugkt  Hne.    The 

adapted  to  the  nature  of  the  substances  of  projectile  force  originally  given  to  the  planets, 

which  they  are  composed  and  the  constitution  if  not  counteracted,  would  cany  them  away 

of  their  inhabitants.    We  find  that  the  derui-  from  the  sun,  in  right  lines,  through   the 

ties  of  these  bodies  decrease  in  proportion  to  regions  of  infinite  space.    On  the  other  hand, 

their  distance  from  the  san ;  and  it  is  highly  had  the  planets  been  acted  upon  solely  by  an 

probable  that  this  is  one  reason,  among  others,  attractive  power  proceeding  from  the  centre, 

why  they  are  placed  at  different  distances,  they  would  have  moved  with  an  increctsed 

and  arc  thus  adapted  to  the  greater  or  less  velocity  towards  that  centre,  and,  in  a  short 

degree  of  influence  which  the  central  luminary  time,  have  fallen  upon  the  body  of  the  sun. 

may  produce  on  their  surfaces.  Now  the  Divine  Intelligence  strikingly  ap- 

The  figures  of  the  planetary  bodies  like-  pears  in  nicely  proportioning  and  balancing 
wise  indicate  contrivance  and  intelligence,  these  two  powers,  so  as  to  make  the  planets 
They  are  all  either  of  a  spherical  or  spheroidal  describe  orbits  nearly  circular.  If  these  powers 
form,  and  this  flgure  is  evidently  the  best  had  not  been  accurately  adjusted,  the  whole 
adapted  to  a  habitable  world.  It  is  the  most  system  would  have  run  into  confusion.  For, 
capacious  of  all  forms,  and  contains  the  were  the  velocity  of  any  planet  double  to  what 
greatest  quantity  of  area  in  the  least  possible  would  make  it  move  in  a  circle  or  ellipse,  it 
space.  It  is  the  best  adapted  to  motion,  both  would  rush  from  its  sphere  through  the  re- 
annual  and  diumal,  every  part  of  the  surface  gions  of  immensity,  and  never  again  return  to 
being  nearly  at  the  same  distance  from  the  its  form»r  orbit  Or,  should  htdf  its  veloa^ 
(474) 
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be  tricen  away,  the  |danet  would  descend  in  their  orhits  compered  with  their  distances 
oUhiaely  tc^waids  the  sun  till  it  became  four  from  the  central  luminary ;  from  the  wonder- 
times  nearer  him  than  before,  and  then  ascend  fril  simplicitj  of  the  laws  on  which  so  much 
to  its  former  place ;  and  by  ascending  and  beauty,  harmony,  and  enjoyment  depemi ;  and 
descending  alternately,  would  describe  a  very  from  various  other  considerations,  all  which 
eccentric  orbit,  and  would  feel  the  influence  would  tend  to  demonstrate  that  He  wha 
of  toe  solar  light  and  power  sixteen  times  framed  the  planetary  system  is  "the  only 
greater  in  one  part  of  its  course  than  in  wise  Qod,*'  whose  *'  understanding  is  infinite," 
another ;  which  would  prevent  such  a  globe  and  the  depth  of  whose  intelligence  is  **  past 
as  ours,  and  probably  all  the  planetary  bodies,   finding  out*' 

from  being  habitable  worlds.    But,  in  this       From  what  we  have  now  stated,  we  may 

respect,  every  part  of  celestial  mechanism  is   see  what  a  beautiful  and  divine  fabric  the 

adjusted  with  the  nicest  skill,  and  the  whole   solar  system  exhibits.    Like  all  the  arrange- 

lystem  appears  a  scene  of  beauty,  order,  and   raents  of  Infinite  Wisdom  its  foundations  are 

itabiUty  worthy  of  the  intelligence  of  Him   plain  and  simple,  but  its  superstructure   is 

''who  hath  establiriied  the  world  by  his  wis-   wonderful  and  diversified.    The  causes  which 

dom,  and  stretched  out  the  heavens  by  his   produce  the  effects  are  few,  but  the  phenomena 

understanding."    And  as  the  power  of  gravi-  are  innumerable.    While  the  ends  to  be  ac- 

talion  was  first  impressed  upon  matter  by  the   complished   are  numerous  and  various,  the 

hand  of  the  Creator,  so  its  continued  action   means  are  the  fewest  that  could  possibly  bring 

is  every  moment  dependent  on  his  sovereign   the  design  into  effect.    What  a  striking  con- 

wiU.    'Were  its  influence  to  be  suspended,   trast  is  presented  between  the  works  of  Cm* 

the  whole  system  would  immediately  dissolve   nipotenoe  as  they  really  exist,  and  the  bung^ 

avid  mn  into  confusion.    The  centrifugal  force   ling  schemes  of  the  ancient  astronomers  1  who, 

of  the  planets,  in  whirling  round  their  axes,   with  all  their  cycles,  efncydes,  concentric  and 

would  shatter  them  into  pieces  and  dissipate   eccentric  circles,  their  deferents,  and   solid 

their   parts   throu^out   the    circumambient  crystalline  spheres,  could  never  account  for 

spaces ;  every  portion  of  matter  would  fly  in   the  motions  of  the  planetary  orbs,  nor  explain 

straight  lines,  according  as  the  projectile  force   their  phenomena.  The  plans  of  the  Almighty, 

chanced  to  direct  at  the  moment  this  power   both  in  the  material  world  and  in  his  moral 

was  suspended;  and  the  regions  of  infinite   government,  are  quite  unlike  the  circumscribed 

Mpmce,  instead  of  presenting  a  prospect  of    and  complex  schemes  of  man.    Like  himself, 

beauty  and  order,  would  become  a  scene  of    they  are  magnificent  and  stupendous,  and  yet 

derangonent,  overspread  with  the  wrecks  of    accomplished  by  means  apparently  weak  and 

all  the  globes  in  the  universe ;  so  that  the   simple.    All  his  works  are  demonstrations,  not 

order  and  stability  of  universal  nature  entirely   only  of  hia  existence,  but  of  his  inscrutablo 

depends  upon  the  will  and  the  omnipotence   wisdom  and  superintending  providence.    As 

of  the  Deity  in  sustaixung  in  constant  action   the  accomplishments  of  every  workman  are 

the  power  of  universal  gravitation.     Were  it   known  from  the  work  which  he  executes,  so 

his  pleasure  that  the  material  world  should  be   the  operations  of  the  Deity  evince  his  supremo 

dissolved  and  its  inhabitants  destroyed,  he  has   agency  and  his  boundless  perfections.     What 

only  to  interpoae  his  Almighty  fiat,  and  pro-   being  less  than  infinite  could  have  arranged 

daim,  **  Let  the  power  of  attraction  be  sus-   the  solar  system,  and  launched  from  his  hand 

pended,"  and  the  vast  universe  would  soon   the  huge  masses  of  the  planetary  worlds  t 

be  unhinged  and  return  to  its  original  chaos.     What  mathematician  could  so  nicely  calculate 

In  short,  the  depth  of  the  Divine  Wisdom  their  distances  and  arrange  their  motions  t 
might  have  been  illustrated  from  the  constant  Qrwhat  mechanic  so  accurately  contrive  their 
proportion  between  the  times  of  the  periodical  figures,  adjust  their  movements,  or  balance 
revolutions  of  all  the  planets,  primary  and  their  projectile  force  with  the  power  of  gravi- 
secondary,*  and  the  cubes  of  their  mean  dis-  tation  1  None  but  He  whose  power  is  su- 
tancoa ;  firom  the  constancy  and  regulari^  of  preme  and  irresistible,  whose  agency  is  uni- 
tbeir  motions,  that,  amid  so  immense  a  variety  versal,  and  whose  wisdom  is  unsearchable. 
of  moving  masses,  all  should  observe  their  In  the  last  place,  the  planetary  system  ex- 
due  bounds  and  keep  their  appointed  paths,  hibitsadisplayof  the  good  vess  of  the  Creator 
to  answer  the  great  ends  of  their  creation ;  and  of  his  superintending  care.  The  good- 
ftom  the  exactness  with  which  they  run  their  ness  of  God  is  that  perfection  of  his  nature  by 
destined  rounds,  finishing  their  circuits  vrith  which  he  delights  to  communicate  happiness 
so  much  accuracy  as  not  to  deviate  from  the  to  every  order  of  his  creatures.  Now  all  the 
periods  of  their  revolutions  a  single  minute  in  movements  and  arrangements  of  the  planetary 
a  hundred  ye47« ;  from  the  dUtanees  of  the  bodies  are  so  ordered  and  directed  as  to  act  in 
severed  planets  from  the  sun,  compared  with   subserviency  to  the  happiness  of  sentient  and 

»r  respective  densities  z  from  their  velocities  intelligent  beings.  This  is  evidently  the  grand 
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design  of  all  the  wise  contrivances  to  which  and  would  confoand  all  our  ideas  of  the  har- 
we  have  adverted.  The  spherical  figure  given  xnonj  and  consistency  of  the  attributes  of  him 
to  all  the  planets  for  the  regular  distribution  who  is  "  the  only  wise  God."  We  have, 
of  the  waters  of  the  seas  and  rivers,  and  of  the  therefore,  the  highest  reason  to  conclude,  thai 
currents  of  the  atmosphere ;  their  rotation  on  not  only  this  earth,  but  the  whole  of  the  pla- 
their  axes,  to  produce  the  alternate  succession  netary  system,  is  a  scene  of  divine  beneoo' 
of  day  and  night ;  the  situation  of  the  sun  in  knee  f  for  it  displays  to  our  view  a  number  of 
the  centre  of  the  system,  for  the  equable  dis-  magnificent  globes,  with  special  contriTances 
tribution  of  light  and  heat  to  surrounding  and  arrangements,  all  fitted  to  be  the  abodes 
planets ;  and  an  apparatus  of  rings  and  moons,  of  intelligent  beings,  and  to  contribute  to  their 
to  reflect  a  mild  radiance  in  the  absence  of  the  enjoyment  Every  proviaion  has  been  made 
sun,  are  contrivances  which  can  only  have  a  to  supply  them  with  that  light  which  unfoldfi 
respect  to  the  comfort  and  convenience  of  the  beauties  of  nature  and  the  glories  of  the 
animated  beings ;  for  diey  can  serve  no  pur-  firmament  AH  the  arrangements  for  its  eqoa- 
pose  to  mere  inert  matter  devoid  of  life  and  ble  distribution  have  been  effected,  and  several 
intelligence,  and  the  Creator,  so*  fiir  as  we  wonderful  modes  unknown  in  our  world  have 
know,  never  employs  fneana  without  a  corres-  been  contrived  for  alleviating  dieir  dai^uesB 
ponding  end  in  view.  In  our  world,  the  utility  in  the  absence  of  the  sun,  all  which  contriv- 
of  these  arrangements,  in  order  to  our  happi-  ances  are,  doubtless,  accompanied  with  many 
ness,  is  obvious  to  the  least  reflecting  mind,  others  which  lie  beyond  the  range  of  our  con- 
Without  light  our  globe  would  be  little  else  oeption,  and  which  our  remote  distance  pre- 
than  a  gloomy  prison ;  for  it  is  this  that  cheerd  vents  us  from  contemplating.  In  proportion, 
the  heart  of  man,  and  unveils  to  our  view  the  then,  as  the  other  planets  exceed  the  eardi  in 
beauties  and  sublimities  of  creation ;  and  had  size,  in  a  similar  proportion,  we  may  conceive, 
the  earth  no  rotation,  and  were  the  sun  con-  is  the  extent  of  that  theatre  on  which  the 
tinually  riiining  on  the  same  hemisphere,  the  Divine  goodness  is  displayed.  If  this  *'  earth 
temperate  zones  as  well  as  the  equatorial  re-  is  fiill  of  the-  goodness  of  the  Lord,"  if  the 
gions  would  be  parched  with  a  perpetual  day,  benevolence  of  the  Creator  has  distributed 
the  moisture  of  the  soil  evaporated,  the  earth  unnumbered  comforto  among  every  order  of 
hardened,  vegetables  deprived  of  nourishment,  creatures  here  below,  what  must  be  the  exu- 
the  functions  of  the  atmosphere  deranged,  and  berance  of  his  bounty,  and  the  overflowing 
numerous  other  inconveniences  would  ensue,  strearoa  of  felicity  enjoyed  in  worids  which 
from  which  we  are  now  protected  by  the  ex-  contain  thousands  of  times  the  population  of 
isting  am^gements  of  nature ;  and  as  such  our  globe !  If  a  world  which  has  been  partly 
contrivances  are  essential  to  the  comfort  of  deranged  by  the  sm  of  ite  inhabitants  abounds 
the  inhabitants  of  the  earth,  so  we  have  every  with  so  many  pleasures,  what  numerous 
reason  to  conclude  that  these  and  all  the  ad-  sources  of  happiness  must  abound,  and  what 
ditional  arrangcmente  connected  with  other  ecstatic  joys  must  be  folt  in  those  worlds  where 
pUncts  are  infended  to  promote  the  enjoyment  moral  evil  has  never  entered,  where  diseases 
of  the  different  orders  of  sensitive  and  intelli-  and  death  are  unknown,  and  where  the  in- 
gent  existence  with  which  they  are  peopled,  habitanto  bask  perpetually  in  the  regions  of 
As  the  object  of  the  wise  contrivances  of  immortality !  Were  we  permitted  to  take  a 
the  Deity  is  the  communication  of  happiness,  nearer  view  of  the  enjoyments  of  some  of 
it  would  be  inconsistent  with  every  rational  those  worlds,  were  we  to  behold  the  magnifi- 
view  we  can  take  of  his  wisdom  and  intelli-  cent  scenery  with  which  they  are  encirded, 
gence  not  to  admit  that  the  same  end  is  kept  the  riches  of  Divine  munificence  which  appear 
in  view  in  every  part  of  his  dominions,  how-  on  every  hand,  the  inbabitante  adorned  with 
ever  &r  removed  from  the  sphere  of  our  im-  the  beauties  of  moral  perfection,  and  every 
mediate  conteinplation,  and  diough  we  are  not  society  cemented  by  the  bond  of  universal 
permitted  in  the  mean  time  to  inspect  the  love,  and  displaying  the  virtues  ^f  angelic 
minute  details  connected  with  the  economy  natures,  it  is  highly  probable  that  all  the  en* 
of  other  worlds;  for  the  Creator  must  always  joyments  of  this  terrestrial  sphere  would 
be  considered  as  consistent  with  himself,  as  appear  only  **  as  the  drop  of  a  bucket  and  the 
acting  on  the  same  eternal  and  immutable  small  dust  of  the  balance,"  and  as  unworthy 
principles  at  all  times,  and  throughout  eveiy  of  our  regard  in  comparison  of  the  overflow- 
department  of  his  empire.  He  cannot  be  ing  fountains  of  bliss  which  enrich  the  regions 
supposed  to  devise  means  in  order  to  accom-  and  gladden  the  society  of  the  celestial  worlds, 
plish  important  ends  in  relation  to  oiu  world.  In  this  point  of  view  what  a  glorious  and 
while  in  other  regions  of  creation  he  devises  amiable  being  does  the  eternal  Jehovah  ap- 
means  for  no  end  at  all  To  suppose,  for  a  pear !  **  God  is  love."  This  is  his  name  and 
moment,  such  a  thing  possible,  would  be  his  memorial  in  all  generetions  and  through- 
higfaly  derogatory  to  the  Divine  diaracter,  out  all  worlds.  Supremely  happy  in  himself 
(476) 
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■od  mdependcnl  of  all  bis  cre&tures,  hii  gruid  Byneni,  but  o>er  all  the  Tegioni  of  noiveTail 

ileagii  in    rarzning  and  arrainging   lo   many  natura,  it  ia  imponble  fur  Ihe  tongue*  of  mcu 

woitdi  coDld  odI;  be  to  diiplsy  the  riches  of  or  angels  to  dedore,  oi  the  higbeat  powen  of 

hi>  beneficencs,  and  lo  impart  felidtf ,  in  all  intelligence  to  conceive.    But  of  tbic  we  are 

it*  ditendSed  fbrmi,  to  counlleea  arden  of  certain,  thai  ■■  Jebovab  ia  good  to  all ;"  that 

iDlelligmt  beinga  and  to  eveiy  rank  of  per-  "  his  bounty  i<  great  abOYe  tbe  heavens ;"  and 

oeptiTs  existence.    And  how  txtrtuive   his  tbst  "  his  tender  merdea  are  over  ^  bi* 

~~   *     ■  isiUot  onlj  ihnnighout  theplaoetni;  works." 


CHAPTER  VI. 

Summary  View  qftht  Magnilude  (f  the  Planetary  Syitaa, 

HiTtsB,  in  tbe  preceding  pagea,  gifen  a  planets,  which  is  the  onlj  accurate  ticw  we 
brief  deseriplioii  of  the  prindpel  &cts  and  can  lake  of  their  magnitude^  when  we  com- 
pbeDomeiu  ccnnected  with  the  solar  system,  pare  them  with  each  other  as  hsbilable 
and  o&red  a  few  reOectioni  sugseMed  by  the  worlds.  The  population  of  the  different 
SDbJMt,  it  may  not  be  inexpedient  to  placs  globes  is  estimated,  as  in  die  preceding  do- 
before  the  reader  a  niDuiuuy  view  of  the  mair-  Bcriptions,  at  tbe  rale  of  280  iiihabilonts 
nttode  of  the  bodies  belonginit  to  this  system,  to  a  sqaare  mile,  which  is  tbe  rate  of  popn- 
as  compared  with  tbe  population  and  magni-  lation  in  England,  and  jret  this  country  is 
tode  of  the  globe  on  which  we  live.    In  Hns  b;  no  means   oversloeked  with  inhaUtants, 

•lement  I  shall  chiefly  attend  to  but  could  contain,  perh^o.  double  ita  (resent 

snpeifcial  conlsnis  of  tbe  difTeient  population. 


'   Fmn  tlie  above  statemetil,  the  real  magni-  b^gs  equal  to  nearly  _^ur  hundred  toorUt 

tode  of  all  Ibe  moving  bodies  connected  with  such  as  ours.    If  we  divide  the  same  amount 

the  BolaT  tjiieai  nuy  at  once  be  perceived,  by  49,000,000,  the  number  of  square  miles  in 

If  we  wish  to  ascertain  whet  propoiiion  these  the  bslnlable  parts  of  the  earth,  the  quotient 

mtgniludea  besir  to  die  amplitude  at  anr  own  will  be  IGO&;  showing  that  the  surface  of  all 

0abe,  we  have  only  to  divide  the  different  tbe   planets  contains  a  space  equal   to  one 

amoonta  stated  at  the  bottom  of  the  table  by  thousand  five  hundred  and  nina^-five  limes 

tbe  arem,  aolidily,  or  population  of  the  enth.  the  area  of  all  tbe  continents  and  islands  of 

The  amount  of  area,  or  the  ■nperficial  con-  our  globe.    If  theamountof population  which 

tents  of  all  the  planets,  primary  and  secondaiT,  the  planets  might  contain,  namely,  SI,B94,- 

k  78.I9S,S16.T84i   or  above  Ktenly-agAt  974,404,480,  or  nearly  tuienly-tico  billioru, 

IhautOTid  milSotu  of  square  miles.    If  Ibis  be  divided  by  800,000,000,  the  popuIiliDn  of 

stun  be  divided  by  1 97,000,000,  the  number  the  earth,  the  qnotienl  will  be  27,308;  which 

af  square  miles  on  the  sur&ce  of  our  globe,  shows  (hat  the  planelary  ^obes  could  contain 

lbs  quotient  win  be  307;  showing  that  tbe  a  populstion  nwre  than  twen^r^even  tbou- 

SDrfaees  of  these  globes  are  S97  limes  more  aand  times  tbe  population  of  our  globe ;  in 

opanaive  than  tbe  whole  suifcce  of  the  ler-  other  words,  if  peopled  in  tbe  proportion  of 

nqeoos  ^obe;  or,  in  other  worda,  that  they  England,  they  ore  equivalent  to  twenty-seven 

Mnlut  an  amplUode  of  spaca  for  snimated  thousand  world*  fiuJi  aa  ours  in  its  present 
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■Ute  of  popuIat'uHi.  The  smoant  oF  (he  third  000,000  iqiiare  mi1«a  (neari;  two  uid  ■  half 
coldDin  eipresei  the  namber  of  Hilid  miles  liilliona.)  If  (hia  nim  be  dinded  by  197  mil 
comprised  in  nil  the  pUnels,  which  ia  654,-  lions,  the  number  of  squaie  miles  on  the 
038,348,11 9, S46,  or  mare  than  nx  himdrrd  earth'a  aurbce.  (hx  quotient  will  be  13,350, 
and  fifiy-foar  hilliont.  If  Ihia  nnniber  be  which  ahowa  that  the  eur&ce  of  the  sun  con- 
diviJcJ  by  303,000,000,000,  the  number  of  VuMtwelotlhoutandtkrttkundridand Jifty 
cubical  mile)  in  (he  earth,  the  quotient  will  be  tinteii  die  quantity  of  amfBce  on  our  globe. 
S483;  which  ehowa  (hat  the soUJ  bulk  of  (ha  Ifthe  umeaum  bedivided  by  78.195,916,784, 
ottiar  ptanela  ia  (wo  thousand  four  hundred  the  number  of  square  milea  in  all  the  planclii, 
aud  eighty-thTee  limei  the  bulb  of  our  globe,  the  quotient  will  ba  SI,  showing  (hat  the  area 
Buchia  the  immimie  magnitude  of  our  planet-  of  the  aur&cc  of  the  dun  itthirty-oiK  IvncA 
ar;  aystem,  without  taking  into  account  either  greater  than  (he  area  of  all  the  primanf- 
the  son  or  (he  hundreda  of  cometa  which  l^ave  planets,  with  their  rings  and  satcllitre.  The 
^ean  observed  to  tnTeiw  (he  phmetar;  re-  solid  contents  of  (ho  sun  Bmoun(  to  356318,' 
gions.  739,200,000,000,  or  nearly  three  hundred  and 

Great,  however,  as  fliesB  Tnagnitudes  ste,    fifty-seven  thoiusnd  billions  of  cubical  miles, 
they  are   &i   surpasaed    by  that  stupendous    whichnumber.ifdivided  by  654.038,348,119,- 
glnbe  which  occopiea  the  centre  of  the  system.   MS,  ttie  number  of  solid   miles  in  stl  this 
The  lurface  of  the  sua  contaiiu  3,432,600y-    planets,  will  produce  a  quotient  of  645,  whiA 
shows  that  the  san  is  live  han- 
Fig-  Ba-  F^  •l-  dred  and  forty-five  times  birger 

than  all  the  planetary  bodiea 
taken  together.  Such  ia  (he  vaat 
and  incamprchensiblo  magni- 
tude of  this  stapend  ou  s  luminary, 
whoau  effulgence  shcda  dav  over 
■  retinue  of  rcrolving  worlds, 
and  whose  attractive  energy  con- 
trols their  mations  and  preserves 
them  all  in  one  hannonioua 
ayatem.  If  (his  immense  globe 
ho  fiying  through  (he  regionfi 
of  space  at  (be  rate  of  a\tj 
(bousand  oiiles  an  hour,  u  is 
supposed,  and  carrying  along 
with  it  all  (he  planed  of  (he 
system,  i(  presents  to  the  mind 
one  of  the  most  sublime  and 
overwhdming  tdeia  of  motion, 
tna^nitude,  and  grandeur  wbidi 
the  scenea  of  the  unirerss  can 

The  comparative  magnitadea 
of  (be  difierant  bodies  in  tha 
aysCem  are  repreaentod  to  tbs 
aye  in  Fig.  91,  where  the  aide 
at  the  top.  No.  1,  lepreaente 
JiipitcT;No.S,Baturn;  No. 8, 
Uranus;  Na  4,  the  Earth;  ad- 
jaeent  to  which,  on  the  left,  ia 
the  Moon ;  No.  6,  Mars ;  Via.  6, 
Venui ;  and  No.  7,  Mercury. 
The  fimr  amall  circles  at  tho 
bottom  are  the  planets  Vesta. 
Juno,  Cerea,  and  PslUs,  whose 
propottioaal  aiiea  cannot  be  sc- 
curalBlyreineaenled.  The  other 
soiall  circles  connected  wi(h  Jo- 
pi(er,  Saturn,  and  Urauai,  srs 
inteitded  to  rejHeaent  the  satsl- 
ti(es  of  these  planets,  which  in 
general  nay  be  estimated  as 
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;  larger  Ihu  our  nuxni.  Thn« 
comparatiTs  magniludca  an  only  approilma- 
liain  to  tbe  Lnith ;  (br  il  vonld  require  a  large 
■beet  were  ws  to  attempt  detiDcatiiig  them 
witb  mcainey  ;  but  the  figure  nill  coaie;  to 
the  eye  a  gcntrai  klea  o!  ibe  coioparatiTe 
bnlka  of  tbue  bodiea,  in  so  far  as  it  can  be 
cnoTejed  by  acampariaon  oflbeirduuneten;* 
but  no  reprcaentation  oa  a  plane  aurface  can 
cmtrey  ao  iika  of  the  ni&/  conttaU  at  tbsM 
globca  aa  compared  with  ea:ti  other.  Tbe 
reader  nill  perceive  the  great  diiparily  of 
globea,  whoee  dlamelfiii  do  not  difler  tbij 
widely  Trom  each  other,  if  he  place  a  glolM 
■4  tnelve  inchea  diameter  beside  one  of 
eighteen  inches  diameter.  Tbnugh  then 
globea  dtiler  onlj  aii  iochea  Id  their  diama- 
iGia,  Jet  be  will  at  once  perceive  that  the 
ti^leen-inch  globe  eontaina  more  than  double 
the  aar&ce  of  the  twelve-inch;  and  thia  loJiii 
tpace  whkh  it  occupiea  containa  3j  limea  the 
apace  occupied  b;  the  smaller  globe.  Wera 
the  (un  to  be  represented  in  its  proportiona] 
atie  |j>  jDpiter  and  tbe  otber  planela,  it  would 
fill  a  apace  twenty  incha  in  diameter.  On 
tbe  aame  scale  in  which  (he  planets  ai«  i^ 
lineated,  Satum'a  ring. would  occnpj  a  ipac* 
fbar  and  a  half  inchea  in  diameter,    f^om 


ours  eoald  be  indoaed  within  euch  enpan- 

«  ring^    Fig.  94  reprasenta  the  proportion 

rig.B3. 


a  (pace  our  earth  occupies  in  the  planetary 
^ttem,  and  what  an  inconsiderable  appear- 
ance  it  preaenis  in  companson  with  Jupiter, 
Satnm,  and  Uranus.  Fig.  92  represenls  Iha 
proportitmcd  dUtaneei  of  (ho  primary  planeta 
from  tbe  sun,  fiom  which  it  will  be  seen  (hat 
Satom,  which  was  former];  considered  the 
tDoat  distant  [riaoet,  occupiea  nearly  tbe  middla 
of  the  system. 

In  Fig.  93  is  represented  a  comparadve 
tiew  of  the  earth  and  the  rings  of  Saturn. 
The  small  circle  at  the  right  hand  side  repre- 
aenta  the  lineal  proportion  of  our  globe  to 
those  stupendous  aichea,  so  that  die  eye  ma? 
enilj  perceiTe  that  hiuwlreda  of  worlds  audi 


whidi  tbe  aim  bain  to  die  planet  Jupiter,  the 
largest  planetary  orb  in  the  system.  Tbe 
large  circle  lepresenta  the  aun,  and  the  small 
circle  Jupiter.  If  the  earth  were  to  be  repre. 
sented  on  tbe  same  scale,  it  would  appear  like 
a  point  scarcely  perceptible.  It  is  cli^i-Qy  by 
the  aid  of  such  tangible  tcpieaentationB  that 
the  mind  can  form  any  idea  approiimaiing  to 
the  reality  of  such  magnitDdea  and  propor- 
tions; and,  after  all  ila  effiiria,  its  views  ofguch 
stupendous  objects  are  exceedinglj  imperfi>ct 
and  obacure. 


CHAPTER  VII. 


Taimi  is  a  degree  of  Aeptidsm  among  a  the  results  ihey  have  deduces  are  mertlif  eon- 

certain  claaa  of  reader*  in  rt^ard  to  (he  con-  jtctund,  and  that  it  ia  impossible  for  humsn 

dnsiona  which  astmnotners  have  deduced  re-  beings  to  arrive  at  any  thing  like  certainty,  or 

apecting  tbe  distances  and  magnitudea  of  tbe  even  probability,  in  regard  U>  distances  so  im. 

eeleatial  bodies.  They  arc  apt  to  suspect  that  menscly  great,  and  to  magnilndes  so  (n  sur- 
paaaing  every  thuig  we  see  around  ns  on  this 

•  TlH  rsaderwlll  tlndiensipaniiva  vteworihe  globe.     HeiKe   it  is  that  tbe   assertions  of 

ttsuatessnd  BtagnUBdeinTihi  pla n Ms, enf raved  astronomers  aa  to  these  points  are  apt  to  be 

.w.  certain  degree  ol  doubt  and  besitation.  aa  if 

(«9) 
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they  wcsre  beyond  &e  limits  of  troth  or  proba-  bodies.    In  like  maimer  we  are  apt  to  bt 

bility.    And  hence  attch  persona  are  anzioaa  deceived  in  our  estimate  of  the  distances  of 

to  inquire,  "  How  can  astronomers  find  out  objects  by  the  eye,  particularly  of  those  which 

such  things?*'    "Tell  us  by  what  methods  appear  in  the  concave  of  the  heavens;  and 

they  can  measure  the  distances  of  the  planets  reason  and  reflecti<m  must  supply  the  de- 

and  determine  their  bulks?"  Such  questions,  ficiency  of  our  visual  organs  before  we  can 

however,  are  more  easily  proposed  than  an-  arrive  at  any  definite  conclusions  respecting 

swered ;  not  from  any  difficulty  in  stating  the  objects  so  far  beyond  our  reach, 
principles  on  which  astronomers  proceed  in       That  the  heavenly  bodies,  particularly  the 

their  investigations,  but  from  the  impossibility,  sun,  are  much  greater  than  they  appear  to  the 

in  many  instances,  of  conveying  an  idea  of  vulgar  eye,  may  be  proved  by  the  following 

these  principles  to  those  who  are  ignorant  of  consideration :  When  the  sun  rises  due  east 

the  elements  of  geometry  and  trigonometry,  in  the  morning,  his  orb  appears  just  as  large 

A  very  slight  acquaintance  with  these  branches  as  it  does  when  he  comes  to  the  meridian  at 

of  the  mathematics,  however,  ia  sufficient  to  midday.    Yet  it  can  be  shown  that  the  sun, 

enable  a  person  to  understand  the  mode  by  when  he  is  on  our  meridian,  is  about  4000 

which  the  distanoes  of  the  heavenly  bodies  miles  nearer  us  than  when  he  rose  in  tbs 

are  determined;  but  a  certain  degree  of  in*  morning.     This  may  be  illustrated  by  th» 

formation  on  such  subjects  is  indbpensably  following  figure, 
requisite,  without  wbt<Ji  no  satisfoctoiy  ex-  pig^  95, 

planation  can  be  communicated. 

In  offering  a  few  remarks  on  this  subject,  I 
shaU,  in  the  first  place,  state  certain  conodera* 
tions,  level  to  the  comprehension  of  the  general 
reader,  which  prove  that  the  celestial  bodies 
are  much  more  distant  from  the  earth,  and, 
consequently,  much  larger  than  they  are 
generally  supposed  to  be  by  the  vulgar,  and 
those  who  are  ignorant  of  astronomical  science; 
and,  in  the  next  place,  shall  give  a  brief  view 
of  the  mathematical  principles  on  which  astro- 
nomers proceed  in  their  calculations.  Let  A  B  C  D  represent  the  earth,  and  S 

When  a  common  observer  views  the  hea-  the  sun  at  the  point  of  his  rising.    Suppose 

vens  for  the  first  time,  previous  to  having  re-  the  line  A  B  C  to  represent  the  meridian  of 

oeived  any  information  on  the  subject,  he  is  a  certain  place,  and  A  or  E  the  place  jf  a 

apt  to  imagine  that  the  sun,  moon,  and  stars  spectator.    When  the  sun,  in  his  apparent 

are  placed  in  the  canopy  of  the  sky  at  nearly  diurnal  motion,  comes  opposite  the  meridian 

the  same  distance  from  the  earth,  and  that  A  C,  he  is  a  whole  semidiameter  of  the  earth 

this  distance  is  only  a  litUe  beyond  the  region  nearer  the  spectator  at  E  than  when  he  ap- 

of  the  clouds ;  for  it  is  impossible,  merely  by  peered  in  the  eastern  horizon.    This  semi- 

the  eye,  to  judge  of  the  relative  distances  of  diameter  is  represented  by  the  lines  A  H,  B 

such   objects.    Previous  to  experience,  it  is  Bj  C  G,  and  is  equal  to  3965  miles.    Now 

probable  that  we  could  form  no  correct  idea  were  the  sun  only  four  thousand  miles  distant 

of  the  relative  distanoes  of  any  objects  what-  from  the  earth,  and,  consequently,  eight  thou- 

ever.    The  young  man  who  was  bom  blind,  sand  miles  from  us  at  his  rising,  he  would  be 

and  who  was  restored  to  sight  at  the  age  of  nearly  four  thousand  miles  nearer  us  when  on 

thirteen,  by  an  operation  performed  by  Mr.  the  meridian  than  at  hb  rising ;  and,  conse 

.Cheselden,  could  form  no  idea  of  the  distances  quently,  he  would  appear  twice  the  dlametei, 

of  the  new  objects  presented  to  bis  visual  and  four  times  as  large  in  surface  as  be  does 

organs.    He  supposed  every  thing  he  saw  at  the  time  of  his  rising.    But  observation 

touched  his  eyes,  in  the  same  manner  as  proves  that  there  is  no  perceptible  difference 

every  thing  he  felt  touched  his  skin.    An  in  his  apparent  magnitude  in  these  different 

object  of  an  inch  diameter  placed  before  his  positions ;  therefore  the  sun  must  be  much 

eyes,  which  concealed  a  house  from  his  sight,  more  distant  from  the  earth  than  four  thou- 

appeued  to  him  as  large  as  the  house.   What  sand  miles.  If  his  distance  were  only  120,000 

he  had  judged  to  be  round  by  the  help  of  his  miles,  his  apparent  diameter  would   appear 

hands  he  could  not  distinguish  from  what  he  1-80  part  broader  when  on  the  meridian  than 

had  judged  to  be  square ;  nor  could  he  discern  at  the  time  of  his  rising,  and  the  difference 

by  lus  eyes  whether  what  his  hands  had  per-  could  easily  be  determined ;  but  no  such  diA 

ceived  to  be  above  or  below  was  really  above  ference  is  perceptible ;  therefore  the  sun  is 

or  below ;  and  it  was  not  till  after  two  months  still  more  distant  than  one  hundred  and  twenty 

that  he  could  distinguish  pictures  from  solid  thousand  miles.    And,  as  the  real  sbe  of  ant 
(480) 
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bod;  a  in  pniportioii  to  its  distance,  rompareil 
with  its  apparent  liie,  the  sun  muat.  tVom  tkia 
miiiiit«ratioii  aloae,  be  mote  than  1200  milea 
m  diuncter,  and  must  contain  more  Ihin  nine 
Imndreil  miLliona  of  cnhicst  miln.  Bui  bcm 
much  greater  bii  distance  uiil  magtiitude  tun 
din)  what  ismnritated  cannot  be  determiDed 
from  such  obMnationa. 

Tho  skum  ide&  may  be  itlusbated  as  follows ; 
Suppose  a  spMtaloT  at  Edinburgbi  whicti  mav 
he  Tppresented  by  the  point  A  (Fig.  95.)  and 
another  at  Capetown,  in  the  southern  eilre- 
nBly  of  AfiicB,  about  the  time  of  out  winter 
■dMiai,  which  positian  may  be  lepmentcd  by 
tbe  point  E  .■  both  spectators  might  sec  the 
■OD  at  the  same  moment,  and  be  would  appear 
exactly  of  the  saine  lixe  from  both  position). 
Yet  such  speclators  would  be  more  tiuin  4000 
miles  distant  from  each  other  in  a  etraigbt 
Hat,  and  the  obaerrer  at  Capetown  would  be 
KTcnl  thoQsandi  of  miles  iieaifT  the  sun  than 
tb*  one  at  Edinburgh.  Now  if  the  eun  wcm 
only  a  (ew  thousands  of  miles  from  the  earth, 
betroold  appear  of  a  Teiy  different  magnitude 
to  olaerrers  remorpd  so  lar  from  each  Dther, 
which  is  contraiy  to  fact.  Consequci^tly,  the 
tun  mnet  be  at  a  very  great  distance  from  the 
eutli,  and  his  real  sin;  proportionahle  to  that 
dinaoce.  For  experience  proves  that  objects 
which  are  of  great  ningniludo  may  appear 
cranparatively  small  when  rtmovcd  from  us  to 
a  great  distance.  Tha  lofty  tobbcI,  as  it  re- 
cedes from  the  coast  towards  the  ocean,  {^radu- 
afij  dimioishee  in  its  spparcnt  size,  till  at 


Eiam  lbs  caith ;  but  the  dianwter  of  the  earth 
is  nearly  8000  miles ;  theiFtbre  the  shadow 
of  Um  earth  grrmdaally  decreases  in  breadth 


length  it  appears  as  a  scarcely  di  tfngniehablc 
speck  on  the  serge  of  the  boriion ;  and  ttia 
aeronaut  irith  his  balloon,  when  Ibey  have 
ascended  beyond  the  region  of  ibe  clouds,  ap- 
pear only  Bs  a  small  dusky  spot  on  the  canopy 
of  the  sky,  sud  sometimes  entirely  disappeai. 
The  following  argutoent,  nhich  is  leTel  to 
the  comprehenrion  of  etery  reflecting  mind, 
proves  that  the  sun  is  larger  than  the  whole 
globe  of  the  earth,  and  that  tho  moon  is  con- 
flderably  less.  Preiioua  to  the  application  of 
the  argument  to  which  I  allude,  it  may  be  ' 
proper  to  illustrate  the  law  of  tkadowt.  The 
law  by  wh^h  the  shadows  of  globes  are  pro- 
jected is  as  follows;  When  the  luminous  body 
is  larger  in  diameter  than  the  opaque  body, 
the  shadow  which  it  projects  converges  to  ■ 
point  which  ia  the  vertex  of  a  cone,  as  in  Fig. 
98.  When  die  inminoua  and  the  opaque  body 
are  of  an  equal  size,  the  shadow  is  cylindrical, 
and  passes  on  from  the  opaque  body  to  sa 
indelinile  eitent,  as  represented  in  Fig.  97. 
When  the  luminous  body  la  le«  than  the 
opaqTie,  the  shadow  extends  in  breadth  beyond 
the  opaque  body,  and  grows  broader  and 
broader  in  proportion  to  its  distance  from  the 
opaque  globe,  as  in  Fig.  98.  This  may  be 
illustrated  by  holding  a  hall  three  or  four 
inches  in  diameter  opposite  to  a  candle,  when 
the  ahadow  of  the  ball  will  be  seen  to  be 
larger  in  dismelcr  in  proportion  to  the  diatance 
of  the  wall  or  screen  on  which  the  ehadotv  is 
oroierted.  Now  it  is  well  known,  and  will 
admitted,  that  an  eclipse  oT  the 
moon  is  caused  by  the  ahadow  vi 
the  earth  falling  upon  the  moon, 
when  the  sun,  earth,  and  moon 
are  nearly  in  a  attaighl  line  with 
respect  to  each  other ;  and  that  an 
eelipea  of  the  auh  ia  caused  by 
the  shadow  of  the  moon  biting 
upon  a  certain  portion  of  the 
earth.  Let  S  (Pig.  99)  represent 
the  sun  ;  E  the  earth  ;  and  iVthe 
moon,  nearly  in  a  straighl  line, 
which  ia  tho  position  of  these 
three  bodies  in  an  eclipse  of  the 
moon.  The  shadow  of  the  earth, 
at  the  distance  of  the  rno<tn,  is 
found  to  be  of  a  less  diameter  than 
the  diameter  of  the  car^.  This 
is  asceitaincd  by  the  lime  wbirh 
the  moon  takes  in  passing  Ihrongh 
the  shadow.  The  real  breaillhof 
that  shadow,  at  the  moon's  dis- 
tance from  the  earth,  ia  about 
B900  miles,  tometimes  more  .and 
sometimes  less,  according  as  the 

in  its  progrew  through  apsrc.  and,  by  calcula- 
tion,  it  is  Ibund  that  it  lerminalr*  in  a  ptrint, 
ai  in  Fig.  96,  at  the  distance  of  about  8-W,0UI) 
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miles.    Bnt  when  a  lambioufl  globe  causes  the  moment  of  the  beginning  and  end  of  a  lonai 

shadow  of  an  opaque  globe  to  converge  to-  eclipse.    If,  then,  any  indiTidual  is  convinced, 

wards  a  pobt,  as  in  Fig.  96,  the  luminous  from  the  consideration  above  stated,  that  the 

body  must  be  larger  in  diameter'  than  the  sun  must  be  much  larger  than  the  earth,  he 

opaque  one.    The  sun  is  the  luminous  body  has  advanced  one  step  in  his  conoepticms  of 

which  causes  the  earth  to  project  a  shadow  the  magnificence  of  the  heavenly  boidiea,  and 

on  the  moon ;  this  shadow,  at  the  moon,  is  may  rest  with  confidence  on  the  assertions  of 

less  in  breadth  than  the  diameter  of  the  earth ;  astronomers  in  reference  to  the  real  distances 

therefore  it  inevitably  follows  that  the  tun  is  and  magnitudes  of  these  orbe^  although  he 

larger  than  the  earths  but  how  much  larger  may  not  be  acquainted  with  the  mathematical 

cannot  be  determined  from  such  oonsidem-  principles  and  investigations  on  which  their 

tions.  calculations  proceed. 

From  the  same  premises  it  necessarily  fol-  Before  proceeding  to  the  illustnition  of  the 
lows  that  the  moon  is  kse  than  the  earth,  trigonometrical  principles  on  which  astrono- 
For  the  moon  is  sometimes  completely  covered  mers  proceed  in  determining  the  true  distances 
by  the  shadow  of  the  earth,  although  this  of  the  heavenly  bodies,  it  may  be  requisite,  for 
shadow  is  less  than  the  earth's  diameter,  and  the  unlearned  reader,  to  give  a  description  of 
not  only  so,  but  sometimes  takes  an  hour  or  the  nature  of  angles  and  the  mode  }ny  which 
two  in  passing  through  the  shadow.  If  the  they  are  measured.  An  angle  is  the  opening 
sun  were  only  equal  to  the  earth  in  size,  the  between  any  two  lines  which  touch  each  other 
earth's  shadow  would  be  projected  to  an  in-  in  a  point ;  and  the  width  of  the  opening  de- 
definite  extent,  and  be  always  of  the  same  termines  the  extent  of  the  angle,  or  the  num- 
breadth,  and  might  sometimes  eclipse  the  ber  of  degrees  or  minutes  it  containsi  Thus  if 
planet  Mars  when  in  opposition  to  the  sun.  we  open  a  pair  of  compasses,  the  legs  of  which 
If  the  sun  were  less  than  the  earth,  the  sha<  may  be  represented  hj  A  B^  B  C,  Fig.  100, 
dow  of  the  earth  would  increase  in  bulk  the  an  angle  is  formed  of  different  dimensions,  ac- 
further  it  extended  through  space  (as  repre-  cording  as  the  extremities  of  the  legs  are  re- 
sented in  Fig.  98,)  and  would  eclipse  the  moved  further  from  or  brought  nearer  to  each 
great  planets  Jupiter,  Saturn,  and  Uranus,  other.  If  the  legs  are  made  to  stand  perpen- 
with  all  their  moons,  when  they  happened  to  dicular  to  each  other,  as  in  Fig.  101,  the  angle 
be  near  their  opposition  to  the  sun ;  and  in  is  said  to  be  a  right  angle,  and  contains  ninety 
this  case  they  would  be  deprived  of  the  light  degrees,  or  the  fourth  part  of  a  circle.  The 
of  the  sun  for  many  days  together.  In  such  a  walls  of  a  room  generally  stand  at  right 
case,  too,  the  sun  would  sometimes  be  eclipsed,  angles  to  the  floor.  If  the  legs  be  separated 
to  the  earth  by  the  planet  Venus,  when  in  its  more  than  a  right  angle,  they  form  what  is 
inferior  conjunction  with  that  luminary :  an  termed  an  obtuse  angle,  as  in  Fig*  102.  When 
eclipse  which  might  cause  a  total  darkness  of  the  angle  is  less  than  a  right  angle,  it  is  called  an 
several  hours  continuance.  In  short,  if  the  acute  angle,  as  in  Fig.  100,  and,  consequently, 
sun  were  less  than  any  one  of  the  planets,  the  contains  a  less  number  of  degrees  than  ninety, 
system  would  be  thrown  into  confusion  by  the  ■  All  angles  are  measured  by  the  arc  of  a  cirde 
shadows  of  aU  these  bodies  increasing  in  pro-  described  on  the  angular  point ;  and  every 
portion  to  their  distance,  and  interrupting,  circle,  whether  great  or  small,  is  divided  into 
periodically,  for  a  length  of  time,  the  commu-  360  equal  parts,  called  degrees.  Thus,  if  I 
nications  of  light  and  heat  But  as  none  of  want  to  know  the  quantity  of  an  angle  at  JT, 
these  things  ever  happen,  it  is  evident  that  (Fig.  103)  I  place  one  point  of  the  compasses 
the  sun  is  much  larger  than  the  whole  terrar  at  the  angular  point  K,  and  describe  the  arc 
queous  globe.  of  a  circle  between  the  two  sides  LK,KM,  and 

All  that  requires  to  be  taken  for  granted  by  whatever  number  of  degrees  of  a  circle  is  con- 
ttie  unlearned  reader  in  this  argument  is,  that  tained  between  them  is  the  quantity  or  mea- 
the  earth  is  a  globular  body ;  that  an  eclipse  sure  of  the  angle.  If,  as  in  tiie  present  case, 
of  the  moon  is  caused  by  the  shadow  of  the  the  angle  contains  the  eighth  part  of  a  circle 
earth  falling  upon  that  oih ;  and  that  the  sha-  or  half  a  right  angle,  it  is  said  to  be  an  angle 
dow  of  the  earth,  at  the  distance  of  the  moon,  of  forty-five  degrees.  A  triangle  is  a  figuxu 
is  of  less  breadth  than  the  earth's  diameter,  which  contains  three  angles  and  three  sides,  as 
The  first  two  positions  will  readily  be  admit-  O  P  Q,  Fig.  104.  It  is  demonstrated  by  ma- 
ted ;  and  the  third  position,  respecting  the  themattcians,  that  the  three  angles  of  every 
breadth  of  the  earth's  shadow,  may  be  received  triangle,  whatever  proportion  these  angles  may 
on  the  ground  of  what  has  been  above  stated,  bear  to  each  other,  are  exactly  equal  to  two 
And  on  the  authority  of  astronomers*  For,  if  right  angles,  or  180  degrees,  l^ns,  in  the 
they  were  ignorant  of  this  circumstance,  they  triangle  O  P  Q,  the  angle  at  Q  is  a  right  angle, 
could  not  calculate  edipsos  with  so  much  ac-  or  ninety  degree^  and  the  other  two  angles, 
curacy  as  they  do,  and  predict  ihe  precise  O  and  P,  are  together  equal  to  ninety  de- 
(482) 
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: ;  flo  that,  if  one  of  these  angles  be  known, 
Ae  other  is  fiinnd  by  sabtracting  the  number 
t£  degraei  in  the  known  angle  from  ninety. 

100  101 


Thus,  if  die  angle  at  P  be  equal  to  thirty  de- 
grees, the  angle  at  O  will  be  equal  to  sixty 
degrees.  Hence,  if  any  two  angles  of  a  triangle 
be  known,  the  third  may  be  found  by  substract- 
ing  the  sum  of  the  two  known  angles  from  180 
degrees,  the  remainder  will  be  the  number  of 
degrees  in  the  tiurd  angle.  All  the  triangles 
ha^e  their  greatest  rades  opposite  to  their 
greatest  ang^.;  and  if  all  the  angles  of  the 
triangle  be  ^qual,  the  nde»  will  also  be  equal 
to  each  other. 

If  any  three  of  the  six  parts  of  a  triangle 
he  known  (excepting  the  three  angles,}  aU  the 


other  parts  may  be  hrummfrom  them.  Thus, 
if  the  side  P  Q,  and  the  angles  at  P  and  Q 
be  known,  we  can  find  the  length  of  the  sides 
P  O  and  0  Q,  It  is  on  this  general  principle 
that  the  distances  and  magnitudes  of  the  b«»> 
venly  bodies  are  determined. 

In  order  to  understand  and  apply  this  prin- 
ciple, it  is  necessary  that  we  explain  the  nature 
of^paraJtax*  A  paraUax  denotes  the  change 
of  toe  apparent  place  of  any  heavenly  body, 
caused  by  being  seen  from  difierent  points  of 
yiew.  This  may  be  illustrated  by  terrestrial 
objects  aa  follows :  Suppose  a  tree  40  or  50 
yiurds  distant  from  two  spectators,  who  are  15 
or  20  yards  distant  from  each  other ;  the  one 
will  perceii^  the  tree  in  a  line  with  certain 
objects  near  the  horizon,  which  are  consider- 
ably distant  firom  those  which  appear  in  the 
direction  of  the  tree,  as  viewed  from  the  sta- 
tion occupied  by  the  other  spectator.  The 
difference  between  the  two  points  near  the 
horizon  where  the  tree  appears  to  coincide  to 
the  two  difierent  spectators  b  the  parallax  of 
the  otnect  If  the  tree  were  only  20  or  25 
yards  distant,  the  parallax  would  be  twice  as 
large ;  or,  in  other  words,  the  points  in  the 
horizon  where  it  was  seen  by  the  two  specta^ 
tors  would  be  double  tfie  distance,  as  in  the 
former  case ;  and  if  the  tree  were  two  or  three 
hundred  yards  distant,  the  parallax  would  be 
proportionally  small.  Or,  suppose  two  per- 
sons sitting  near  each  other  at  one  side  of  a 
room,  and  a  candle  placed  on  a  table  in  the 
middle  of  the  room,  the  points  on  the  opposite 
wall  where  the  candle  would  appear  to  each 
of  the  two  persons  would  be  considerably  dis- 
tant from  each  other ;  and  this  distance  may 
be  called  the  parallax  of  the  candle  as  viewed 
by  the  two  observers.  This  may  be  illustrated 
by  Fig.  105,  where  R  and  S  may  represent 
the  positions  of  the  observers ;  a  the  candle  or 
tree  ;  and  Tand  27  the  points  on  the  opposite 
wall  or  in  the  horizon  where  the  candle  or  the 
tree  appears  to  the  respective  observers.  The 
observer  at  R  sees  the  intermediate  object  at 
U;  and  the  one  at  i$  sees  it  in  the  direction  jS 
T.  -  The  angle  R  a  Sf  which  is  equal  to  the 
angle  Ta  IT,  is  called  the  angle  of  parallax, 
which  is  the  difierence  of  position  in  which 
the  object  is  seen  by  the  two  observers.  If, 
then,  Uie  distance  between  the  observers  R  S 
be  known,  and  the  quantity  of  the  angle  R  a 
8f  the  distance  between  the  observers  and  the 
object  can  also  be  known  by  calculation. 

Let  us  now  apply  this  principle  to  the 
heavenly  bodies.  In  Fig.  106  let  the  semi- 
circle St  Tf  Ay  R,  S,  represent  a  section  of  the 
concave  of  the  heavens ;  the  middle  circle,  E 
C,  the  earth ;  M  the  moon ;  C  the  centre  of 
the  earth ;  and  E  Hihe  sensible  horizon  of  a 
spectator  at  £.  It  is  evident  that  if  the  moon 
be  viewed  jfirom  the  earth  at  the  point  I?,  she 
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will  be  seen  in  the  horizon  at  the  point  H; 
but  were  ahe  Tiewed  at  the  same  time  from  C, 
the  centre  of  the  earth,  she  would  appear 
among  the  atars  at  the  point  K,  in  a  more  ele- 
vated position  than  when  seen  from  the  sur- 
face of  the  earth  at  E.  The  difference  between 
those  two  a;4>arent  positions  of  the  moon,  or 
the  angle  K  M  Hfia  called  the  moon's  hori- 
zontal parallax.    Astronomers  know  from 
calculation  in  what  point  of  the  heavens  the 
^      moon  would  appear  as  viewed  from  the  earth*s 
centre ;  and  thej  know  from  actual  observation 
where  she  appears  as  viewed  from  the  surface ; 
and,  therefore,  can  find  the  difierenoe  of  the 
two  positions,  or  the  angle  of  parallax.    This 
angle  might  likewise.be  found  hy  supposing 
two  spectators  on  different  parts  of  the  earth's 
sur&oB  viewing  the  moon  at  the  same  time. 
Suppose  a  spectator  at  E,  who  sees  the  moon  in 
the  horizon  stH;  and  another  observer,  on  the 
same  meridian,  at  B,  who  sees  her  in  hb  zenith 
at  IT;  the  parallax,  as  formerly,  will  be  K  H, 
The  parallax  of  a  heWenly  body  decreases 
in  proportion  to  its  altitude  above  the  horizon, 
and  at  the  zenith  (A)  it  is  nothing,  for  the 
line  from  the  centre  of  the  earth  coincides 
with  that  from  the  surface,  saC  E  A,    Thus, 
the  parallax  of  the  moon  at  N  (a  b)  is  less 
than  the  horizontal  parallax,  K  H\  but  from 
the  parallax  observed  at  any  altitude,  the  hori- 
zontal parallax  can  be  deduced ;  and  it  is  from 
this  parallax  that  the  distance  of  the  moon  or 
any  other  heavenly  body  is  determined.     The  , 
greater  the  dUtanee  of  any  body  from  the 
earth,  the  less  is  its  parallax*    Thus  the 
heavenly  body  G,  which  is  further  from  the 
earth  than  the  moon,  has  a  less  parallax  (ed) 
than  that  of  the  moon,  K  H* 

Now  the  parallax  of  the  moon  being  known, 
it  is  easy  to  find  the  distance  of  that  orb  from 
the  earth;  for  in  every  triangle,  if  one  side 
and  two  angles  be  known,  the  other  angle 
and  the  other  two  sides  can  also  be  found. 
In  the  present  case,  we  have  a  triangle  E  M 
C,  in  which  the  side  E  C,  or  the  semidiameter 
of  the  earth,  is  known.  The  angle  ME  C 
is  a  right  angle,  or  ninety  degrees ;  and  the 
parallactic  angle  E  M  C  'ib  supposed  to  be 
found  by  observation.  From  these  data,  by 
an  easy  trigonometrical  calculation,  the  length 
of  the  side  C  M,  or  the  distance  of  the  moon 
from  the  centre  of  the  earth,  can  be  determined 
with  the  utmost  predsion,  provided  the  angle 
of  parallax  has  been  accurately  ascertaineu. 

Before  proceeding  to  illustrate  by  examples 
the  method  of  calculating  the  distances  of  the 
heavenly  bodies  when  the  parallax  is  found,  I 
shall  present  an  example  or  two  of  the  mode 
of  computing  the  heights  and  distances  of 
terrestrial  objects,  the  principle  on  which  we 
proceed  being  the  same  in  both  cases.  Sup- 
pose it  were  required  to  find  the  height  of  the 
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tower  C  B  (Fig.  107,)  we  first  mcasoit  the 
distance  firom  Sie  bottom  of  the  tower,  B^ 
IQ^  to  a  station  at  the 

^  points, which  sup- 
pose to  be  one  him- 
dred  feet.  From 
this  station,  by  a 
quadrant  or  other 
angular  instrument, 
we  take  the  angle  of 
elevation  of  the  top 
of  the  tower,  or  tho 
angle  C  AB^  which 

^— «««  suppose  to  be  forty- 

A  a  B  seven  and  a  half 

degrees.  Here  we  have  a  triangle  in  which 
we  have  one  side,  A  B,  and  two  angles; 
namely,  the  angle  at  A»>47i^,  and  the  angle 
at  B,  which  is  a  right  angle,  or  90^,  as  the 
tower  is  supposed  to  stand  perpendicular  to 
the  ground ;  therefore  the  side  C  B,  which  is 
the  height  of  the  tower,  can  be  found,  and 
likewise  the  other  side,  ^  C,  if  required.  To 
find  C  B^  the  height  of  the  tower,  we  make  A 
B  the  radius  of  the  circle,  a  portion  of  which 
measures  the  angle  A ;  and  the  side  B  C,  or 
the  height  of  the  tower,  becomes  the  tar.^nt 
of  that  angle.  And  as  there  is  a  certain  known 
proportion  between  the  radius  cf  every  circle 
and  the  tangent,  the  height  of  the  tower  v^-ill 
be  found  by  the  following  proportion:  As  the 
radius:  is  to  the  tangent  of  the  angle  A, 
47^°  : :  so  is  the  side  ^  £,  100  feet:  to  C  B, 
the  height  of  the  tower »109i  feeL  The 
following  is  the  calculation  by  logarithms : 

Logarithm  of  the  2d  term — 

Tangent  of  4740  ....  10.037947.5 
Logarithm  of  A  B^  100  feet— 

3d  term 2.0000000 

12.0379475 
Logarithm  of  radius — 1st  term      IOjOOOOOOO 

Logarithm  of  C  B,  4th  term-" 

^09ifeet- 2.0379475 

By  this  calculation  the  height  of  (he  tower 
is  found  with  the  greatest  nicety,  provided  the 
measurement  of  the  side  A  B,  and  the  angle 
At  have  been  taken  with  accuracy. 

108  Again:  Suppose  it 

were  required  to  mea- 
sure the  distance  be- 
tween a  tree  E,  and  a 
bouse  2),  on  the  oppo- 
site side  of  a  rixer. 
We  first  measure  a 
^^  space  from  E  to  F 
^(Fig.  108,^   suppose 
1 200  yards,  in  a  riq:ht 
line,  and   then  find 
the  angles  E  and  F 
each  end  of  tlus  lilies. 
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Suppose  the  angle  at  £  to  be  seventy  three 
degrees  and  the  angle  at  F  sixty-eight  de- 
grees. Ae  all  the  anglea  of  a  triangle  are 
equal  to  two  right  anged,  or  180^,  if  we  add 
these  two  angles  and  subtract  their  sum  from 
180°,  the  remainder,  39°,  will  be  the  measure 
of  the  angle  at  D,  It  is  a  demonstrated  pro- 
position in  trigonometry,  that  in  any  plane 
triangle,  the  sides  are  in  the  same  proportion 
as  the  sines  of  the  opposite  angles,  A  sine  is 
a  lioe  drawn  through  one  extremity  of  an  arc 
perpendicular  upon  the  diameter  or  radius 
pssflng  through  the  other  extremity,  tmad 
(Fig.  107.)  In  order,  then,  to  find  the  dis- 
tanee  (£  £>)  between  the  tree  and  the  house 
on  the  other  side  of  the  river,  we  state  the 
following  proportion  :  As  the  sine  of  i>,  38°, 
the  angle  oppodte  to  £  ^,  the  known  side : 
is  to  the  sine  of  the  angle  F,  68°,  opposite 
the  side  sought,  E  D::  sols  the  length  of  the 
line  E  F'^ZOO  yards:  to  the  distance,  E 
D,  between  the  tree  and  the  hou8e»294f 
yards.  The  following  is  the  operation  by 
logarithma: 

Sd  tenn-49ine  of  angle,  F—  68°  9.9671659 
3d  tenn^£  F— 200  yards.  Log.  2.3010300 

12.2681959 
1st  term— Sine  of  angle,  !>—  39°    9.7988718 

4th  tentt^D  J?— 294f  yards—      2.4693241 

Jn  these  examples  the  logarithms  of  the 
Kcood  and  third  terms  of  the  proportion  are 
•dded,  and  from  their  sum  the  logarithm  of 
the  first  term  is  subtracted,  which  leaves  the 
logarithm  of  the  fourth  term ;  as  in  common 
numbers,  the  second  and  thinl  terms  are  mul- 
tiplied tc^ether,  and  their  product  divided  by 
the  first  term ;  addition  of  logarithms  conre- 
■ponding  to  multiplication  of  whole  numbers, 
and  sabbaction  to  division.  The  logarithms 
of  common  numbers,  and  of  sines  and  tan- 
gents, are  found  in  tables  prepared  for  the 
purposes  of  calculation. 

I  shall  now  state  an  example  or  two  in 
reference  to  the  celestial  bodies.  Suppose  it 
IB  reqoired  to  find  the  distance  of  the  moon 
from  the  earth.  In  Fig.  109,  let  E  C  repre- 
sent the  earth ;  ilf  the  moon ;  E  the  place  of 
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place  as  seen  from  the  snrface  at  E ;  or,  in 
other  words,  the  moon's  horizontal  parallax. 
This  parallax,  at  the  moon's  mean  distance 
from  the  earth,  is  found  to  he  57  minutes,  5 
seconds.  Hero,  then  we  have  a  triangle,  C 
E  M,  of  which  we  have  one  side  and  two 
angles  given.  The  side  given  is  the  semi- 
diameter  of  the  earth,  E  C,  which  is  equal  to 
3965  miles ;  the  angle  at  £  is  a  right  angle, 
or  ninety  degrees,  for  it  forms  a  tangent  to  the 
circle  at  E ;  the  angle  at  ilf  is  the  horizontal 
parallax,  which  is  found  by  observation.  From 
these  data,  the  side  M  C,  or  the  distance  of 
the  moon  from  the  centre  of  the  earth,  may 
be  easily  found.  If  we  make  C  M  radius,  E 
C  will  be  the  sine  of  the  angle  Af ;  and  the 
distance  of  the  moon  is  found  from  the  follow- 
ing proportion :  As  E  C,  the  sine  of  fifly- 
seven  minutes,  five  sctonds :  is  to  3965,  the 
number  of  miles  in  the  semidiametcr  of  the 
earth : :  so  is  jif  C,  the  radius :  to  a  fourth 
number,  238,800-^^11  C— the  distance  of  the 
moon  from  the  centre  of  the  earth. 

2d  tcrm-^965— the  earth's  semi- 
diameter    3.598243 

3d  term— Radius 10.000000 

13.598243 
Ist  term^-Sfaie  of  57  minutes,  5 
seconds .       8.220215 


M  C,  distance  of  the  moon,  238,- 

800  miles— 5.378028 

According  to  this  calculation,  the  moon  is 
two  hundred  and  thirty- eight  thousand,  eight 
hundred  miles  from  the  earth.  In  round  num- 
bers wo  genemlly  say  that  the  moon  is  240,000 
miles  distant;  and,  in  point  of  fact,  she  is 
sometimes  considerably  more  than  240,000 
miles  distant,  and  sometimes  less  than  the 
number  atove  stated,  as  she  moves  in  an 
elliptical  orbit,  her  horraontal  parallax  varying 
from  54  to  above  60  minutes. 

To  find  the  Diameter  of  the  Moon.— In 
Fig.  110  let  ^  G  R  represent  the  moon,  and 
C  an  observer  at  the  earth.  The  apparent 
diameter  of  the  moon  at  its  mean  distance,  as 
measured  by  a  micrometer,  is  31  minutes,  26 
seconds,  represented  by  the  angle  A  C  B\ih^ 

110 


t  tpectator  observing  the  moon  in  his  sensible  half  of  lU^.  or  the  angle  formed  by  the  scmi- 
horiion  X  B  Mb  and  C  ilf  a  the  direction  of  diaai*<tc<  of  the  moon,  A  C  (?,  is  15  minutes, 
the  moon  as  seen  from  the  centre  of  the  eart^  >J  seconds.  The  distance  of  the  moon,  G  C, 
•t  C,  or  from  its  surface  si  B;  a  Uic  place  ot  is  supposed  to  be  found  as  above  stated, 
Ibe  moon  as  seen  from  the  centre,  and  b  its   namely,  238,800  miles.    HeiB,  then,  we  have 
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the  angle  C  A  O,  which  u  a  right  angle,  and  Tirible  from  that  globe.  3.  TTie  chief  diffUulty 
the  angle  A  C  G^15'  43",  which  is  found  in  finding  the  distances  of  the  heaTenlj  bodies 
by  observation ;  and  the  side  C  G,  or  the  dis-  is  to  determine  aemrately  the  preoM  quan- 
Unce  of  the  moon  from  the  earth.  We  can  tiiy  of  their  parallaxes.  In  the  case  of  the 
therefore  find  the  side  A  G,  or  the  pemidia-  moon  there  is  no  difficulty,  as  her  horizontal 
meter  of  the  moon,  by  the  followmg  propor-  parallax  amounts  to  nearly  one  degree,  and 
tion  :  As  radius :  is  to  C  G,  the  distance  of »  can  be  taken  with  the  greatest  nicety ;  but  the 
the  moon,  238,800  miles : ;  so  is  the  sine  of  sun's  parallax  is  so  small  that  it  was  some 
^  C  G,  15'  43" :  to  the  number  of  miles  con-  time  before  it  was  accurately  determined.  It 
tained  \n  the  moon's  semidiameter,  A  G—  was  for  this  purpose,  among  others,  that  Cap- 
1091  J,  which,  bcmg  doubled,  gives  2183  tain  Cook's  first  expedition  to  the  Pacific 
miles  as  the  diameter  of  the  moon.  Ocean  was  undertaken,  in  order  that  the  as- 

tronomers  connected  with  it  might  observe  the 
2d  teim—C  G— 238,800 — Log  6.378028  transit  of  Venus  at  the  island  of  Tahiti ;  since 
8d  term— Sine  of  A  C  G,  16'  43"      7.660059   which  time  the  sun's  distance  has  been  ascer- 

13  038087   Gained  within  the  one  eighty-seventh  part  of 

Ist  term— Radius    ....        lo!oOOOOO   his  true  distance,  which  likewise  determine 

...  ^^  ,  /.A,  1       oAQOAQiy   very  nearly  the  true  proportional  distance  and 

8emiduimeterofihemoon,l,091i-  3.038087   magnitudes  of  all  the' phmets.    This  circom- 

1  stance  accounts  for  the  fact,  that  in  books  of 

Diameter  of  the  moon-"  2,183  astronomy  published  about  a  century  ago,  the 

distances  and  magnitudes  of  the  sun  and 
Such  is  the  general  mode  by  which  the  dis-  planets  are  estimated  somewhat  lower  than 
tances  and  magnitudes  of  the  heavenly  bodies  they  are  now  found  to  be,  the  improvements 
are  calculated.  I  am  aware  that  the  general  which  have  been  made  in  Uie  construction 
reader,  who  is  unacquainted  with  the  princi-  of  astronomical  instruments  having  enabled 
pics  of  trigonometry,  may  find  a  little  difficulty  modern  observers  to  measure  parallactic  angles 
m  comprehending  the  statements  and  calcula-  with  greater  niceness  and  accuracy.  4.  When 
tions  given  above ;  but  my  design  simply  was  the  parallax  of  any  heavenly  body  is  once  ae- 
to  convey  an  idea  of  the  principle  on  which  curatcly  found,  and  its  apparent  diameter 
astronomers  proceed  in  their  computations  of  measured,  its  real  distance  and  bulk  can  be  as 
the  distances  and  bulks  of  the  celestial  orbs,  certainly  known  as  the  price  of  any  quantity 
and  to  excite  those  who  are  anxious  to  under-  of  merchandise  which  is  calculated  by  the  rule 
stand  the  subject,  to  engage  in  the  study  of  of  proportion.  5.  From  what  has  been  stated 
plane  trigonometry,  a  study  which  presents  no  above,  we  may  learn  the  importance  of  know- 
great  difficulty  to  any  one  who  is  already  a  ing  all  the  properties  of  a  triangle,  and  the 
proficient  in  common  arithmetic.  I  conclude  art  of  measuring  angles.  At  first  sight  it  may 
the  subject  with  the  following  appear  to  be  a  matter  of  trivial  importance  to 

General  hemarks, — I.  Before  the  bulks  of  know  that  the  radius  of  a  circle  bears  a  certain 
the  heavenl '  bodies  can  be  determined,  their  known  proportion  to  the  sine  or  tangent  of  a 
distances  fr>»m  the  earth  must  first  be  asoer-  certain  angle ;  that  the  sides  of  any  triangle 
tained.  Wr.en  their  distances  are  found,  it  is  are  in  the  same  proportion  as  the  sines  of  the 
quite  an  eas  matter  to  determine  their  real  opposite  angles ;  and  that  the  three  angles  of 
bulks  from  «ir  apparent  magnitudes.  2.  every  plane  triangle  are  exactly  equal  to  two 
The  semidii'  leter  of  the  earth  forms  the  right  angles.  Tet  such  truths  form  the 
groundwork  *f  all  our  calculaHons  respect*  foundation  of  all  the  discoveries  which  have 
ing  the  distof-  ^  of  the  celestial  orbs.  Were  been  made  respecting  the  magnitudes  and 
we  ignorant  u^  the  dimensions  of  the  earth,  distances  of  the  great  bodies  of  the  universe, 
we  could  nof  Hid  the  real  distance  and  magni-  and  of  the  ample  conceptions  we  are  now 
tude  of  any  h  venly  body ;  and  it  is  owing  to  enabled  to  form  of  the  vast  extent  of  crea^ 
the  compareti^t  ly  small  diameter  of  the  earth  tion,  and  of  the  attributes  of  its  adorable 
that  it  becomfc    difficult  in  some  cases  to  de-   Creator. 

termine  with  h  tairacy  the  parallaxes  of  certain  Those  persons  who  feel  themselves  unable 
heavenly  bodi  <.  Were  we  placed  on  a  planet  to  comprehend  clearly  the  principles  and  cal- 
such  as  Jupiter,  whose  diameter  is  more  than  culations  above  stated,  may  rest  satisfied  with 
eleven  times  that  of  our  globe,  it  would  be  the  general  deductions  of  astronomers  respect- 
much  more  easy  to  find  the  parallaxes  of  ing  the  distances  and  magnitudes  of  the  sun 
the  sun  and  planets.  The  parallaxes  of  Jupi-  ^and  planets,  from  the  following  considerations: 
ter's  moons,  as  observed  from  that  planet,  will  *1.  T%e  general  agreement  of  all  modem  a»* 
form  pretty  large  angles  and  be  easily  percep-  tronomers  as  to  these  deductions*  Howevei 
tible  ;  and  so  likewise  will  be  the  parallaxes  much  astronomera  may  difier  in  regard  to  cer 
of  the  Sim  and  the  other  planets  which  are  tain  subordinate  opinions  or  conjectures  re» 
(486) 
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fpecting  certain  pbenonieiia,  they  all  hgree  AH  which  calculations  and  predictions  were 
with  reelect  to  the  bulks  and  distances  of  the  ultimately  found  to  be  correct ;,  and  astrono- 
planctary  orbs,  and  the  mode  by  which  they  mers  were  sent  to  dilTerent  parts  of  tbe  globe 
are  ascertained.    If  there  were  any  fallacy  in  to  observe  this  interesting  phenomenon,  which 
tbeir  calculations,  such  is  the  tendency  of  happens  only  once  or  twice  in  the  course  of  a 
haman  natuie  to  find  fault,  it  would  soon  be  century.    The  same  astronomer  calculated  the 
pointed  out.     2.  The  consideration  of  the  ae-  period  of  a  comet,  distinguished  by  the  name 
curacy  toiih  which  asironomen predict  certain  of  '*  Halley  *8  Comet,"  and  predicted  the  periods 
ceJettml  p/ienomena   should  induce  persons  when  it  would  return.    It  was  seen  in  Eng- 
unskilled  in  this  science  to  rely  on  the  con-  land  in  1682,  and  Dr.  Halley  calculated  that 
elusions  deduced  by  astronomers.    They  are  it  would  again  appear  in  this  part  of  the  system 
fiiUy  aware  that  the  eclipses  of  the  sun  and  in  1758 ;  and  it  accordingly  made  its  appcar- 
moon  are  calculated  and  predicted  with  the  ance  in  December,  1758,  and  arrived  at  its 
utmost  accuracy.    The  very  moment  of  their  perihelion  on  tbe  13th  of  March,  1759.    The 
lieginning,  middle,  and  end,  and  the  places  validity  of  these  calculations  and  predictions 
where  they  will  he  visible,  are  foretold  to  a  has  been  again  verified  by  the  reappearance 
nicety ;  the  nature  and  magnitude  of  the  eclipse,  of  the  same  comet  in  1835,  just  at  the  time 
and  all  the  circumstances  connected  with  it,  when  it  was  expected,  which  proves  that  it 
determined ;  and  that,  too,  for  more  than  a  completes  its  course  in  the  period  which  had 
century  to  come.    All  the  eclipses  which  have  been    predicted,  namely,  seventy'six    years, 
happened  of  late  yeara  were  calculated  more  and  will,  doubtless,  again  revisit  this  part  of 
than  half  a  oentoiy  ago,  and  are  to  be  found  the  system  in  the  year  1911  or  1912.    Astro- 
recorded  in  the  writings  of  astronomers.  They  nomers  can  likewise  point  out,  even  in  the 
can  likewise  tell  when  Mars,  Jupiter,  or  Saturn  daytime,  the  diHerent  stars  and  planets  which 
is  to  sufler  an  occultation  by  the  moon,  the  are  above  tbe  horizon,  though  invisible  to  the 
time  when  it  will  begin  ftnd  end,  the  particular  unassisted  eye.    I  have  sometimes  surprised 
part  of  the  moon's  limb  behind  which  the  even  genUemen  of  intelligence  by  showing 
planet  will  disappear,  the  ^int  on  the  opposite  them,  through  an  equatorial  telescope,  tlie  star 
limb  where  it  will  again  emerge,  and  the  places  Arcturwf,  and,  in  a  minute  or  two  aflcrward, 
of  the  earth  where  the  occultation  will  be  the  star  Affair  in  another  part  of  the  heavens, 
visible.     They  can  likewise  predict  the  precise  and  the  planet  Veinis  in  another  quarter  in 
moment  when  any  of  the  fixed  stars— even  the  form  of  a  brilliant  crescent,  while  the  sun 
those  invisible  to  the  naked  eye — shall  suffer  was  several  houra  above  the  horizon,  and 
an  occultation  by  the  moon  or  by  any  of  the  shining  in  its  greatest  brightness,  and  while 
planets ;  and  such  occultations  o£  the  stars  these  bodies  are  every  moment  shifting  their 
and  planets  are  stated  in  the  **  Nautical  Alma-  apparent  positions ;  all  which  is  quite  easy  to 
nsc,**  and  similar  publications,  three  or  four  bo  accomplished  by  every  one  who  under- 
years  before  they  actually  happen.  stands  the  motions  of  the  heavenly  bodies  and 

The  precise  time,  likewiBe,  when  the  planets  the  first  princijfles  of  astronomy. 
Mercury  and  Venus  will  appear  to  pass  across       Now  as  the  above  fiaicts  are  indisputable, 
the  sun's  disk,  has  been  predicted  for  a  cen-  and  every  one  who  feels  an  interest  in  the 
tury  before  such  events  happened,  and  such  subject  may  satisfy  himself  as  to  their  reality, 
transits  have  been  calculate  for  several  cen-  it  is  evident  to  a  demonstration  that  the  prin- 
turies  to  come,  and  will  most  assuredly  take  ciplcs  of  science  on  which  such  calculations 
place,  as  they  have  hitherto  done,  if  the  laws  and  predictions  proceed  are  not  mere  conjeo- 
of  nature  continue  to  operate  as  in  ages  past  tures  or  precarious  suppositions,  but  have  a 
Dr.  Halley,  in  1691,  predicted  the  transit  of  real  foundation  in  the  constitution  of  nature 
Venus  that  happened  in  1761,  seventy  years  and  in  the  fundamental  laws  which  govern 
before  it  took  place ;  and  not  only  so,  but  he  the  universe.    And  as  the  knowledge  of  astro- 
calculated  the  precise  hour  in  which  the  planet  nomers  cannot  be  questioned  in  relation  to 
would  appear  to  touch  the  Umb  of  the  sun  as  the  phenomena  to  which  I  refer,  it  would  be 
seen  from  difiEerent  places ;  the  particular  part  unreasonable,  and  injurious  to  the  moral  cha- 
of  the  sun*s  margin  where  the  planet  would  racters  of  such  men,  to  call  in  question  their 
appear  and  disappear,  and  the  precise  course  modes  of  ascertaining  the  distances  of  tbe  sun 
it  would  take  in  passing  across  the  disk  of  the  and  the  planetary  bodies,  and  the  deductions 
sun ;  the  appearance  it  would  present  in  difier-  they  have  made  in  relation  to  their  astonishing 
ent  regions  of  the  globe,  and  the  most  proper  magnitudes.   There  is  no  science  whose  prin- 
places  in  both  hemispheres  were  pointed  out  ciples  are  more  certain  and  demonstrable  than 
where  either  its  be^^ning,  middle,  or  eiid  those  of  astronomy.    No  labour  or  expense 
would  be  most  distinctly  c^Mwrved,  in  order  to  has  \fben  spared  to  extend  its  observations, 
■coamplish  tbe  object  in  view;  namely,  the  and  to  render  them  accurate  in  the  extreme; 
determination  of  the  exact  distance  of  the  sun.  and  the  noblest  efforts  of  genius  have  been 
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coilod  forth  to  establish  its  truths  on  a  bads  leading  facts  and  deductions  of  this  leieiieii 
immutable  as  the  laws  of  the  universe ;  only  proclaims  his  own  imbedlitj  and  igno- 
and,  therefore,  the  man  who  questions  the   nnco. 
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CHAPTER  VIIL 

On  iht  Scenery  rf  the  Heavtne,  (u  viewed  from  the  surfaces  (f  the  different  Planets  and 

their  SaleiUies* 

This  is  a  department  of  descriptive  astro-  the  different  directions  of  the  axes  of  some  of 

nomy  which  is  seldom  noticed  in  books  pro-  the  planets  from  that  of  the  earth  tviil  catue  a 

fessedly  written  to  illustrate  the  objects  of  this  different  appearance  in  their  apparent  diur^ 

science.    It  is  here  introduced  not  only  as  an  nal  revolutions*    Some  stars  which  appear  in 

interesting  subject  of  contemplation,  but  as  an  our  equator  may,  in  other  planets,  appear  near 

illustration  of  the  variety  which  the  Creator  one  of  their  poles,  and  our  pole  star  may  ap- 

has  introduced  into  the  scenes  of  the  universe,  pear  near  tbeir  equator, 
and  as  a  collateral  or  presumptive  argument       In  the  following  descriptions  it  is  taken  for 

in  support  of  the  doctrine  of  a  plurality  of  granted  that  the  general  laws  of  vision  are 

inrorlds.  materially  the  same  in  all  the  planetary  bodies 

Before  proceeding  to  the  particular  descrip-  as  in  that  part  of  the  system  which  we  occupy, 
tions  I  intend  to  give,  it  may  be  proper  to  state  Of  this  we  have  no  reason  to  doubt,  as  the 
the  following  Genera/ 22emarA»  /  1.  The  dif-  same  identical  light  which  illuminates  the 
ferent  clusters  of  stars  or  the  constellations  earth  likewise  enlightens  all  the  planets  and 
will  appear  exactly  the  same  when  viewed  their  satellites.  It  originates  £rom  the  aame 
from  the  other  planets  as  to  the  inhabitants  of  source,  it  is  refracted  and  reflected  by  die  same 
our  globe.  For  example,  the  constellations  laws,  and  must  {voduce  colours  similar  or 
of  Orion  and  of  the  Great  Bear  will  appear  analogous  to  those  which  diversify  the  surface 
of  the  same  shape  or  figure,  and  all  the  stars  of  our  globe ;  though,  perhaps,  susceptible  of 
of  which  they  are  composed  will  appear  to  numerous  modifications  in  oth^  regions,  ac- 
have  the  same  arrangeme,nt  and  the  same  cording  to  the  nature  of  the  atmospheres 
relative  distances  firom  each  other  and  from  through  which  it  passes,  and  the  quality  of 
neighbouring  stars,  as  they  do  to  us.  2.  The  the  objects  on  which  it  falls.  The  descrip- 
apparent  magnitudes  of  the  fixed  stars  will  tions  that  follow  likewise  proceed  on  the  sup- 
appear  exactly  the  same  as  they  do  when  position  that  the  extent  of  vision  b  the  same 
viewed  from  our  world ;  that  is^  they  will  ap*  as  ours.  This,  in  all  probability,  is  not  the 
pear  no  larger  than  shining  points  of  different  case.  It  is  more  probable  that,  in  certain 
magnitudes,  even  when  viewed  from  the  most  worlds,  the  organs  of  vision  of  their  inhabit'^ 
distant  planets.  The  reason  of  this  and  of  the  ants  may  be  far  more  exquisite  than  ours, 
preceding  position  is  obvious  from  the  conside-  anc^  capable  of  surveying  with  distinctness  a 
ration  of  the  immense  distance  of  those  bodies;  much  more  extensive  range  of  view.  But  as 
for  although  we  are  190  millions  of  miles  we  are  ignorant  of  such  particulara,  wc  can 
nearer  some  of  the  fixed  stars  at  one  time  of  only  proceed  on  the  assumption  of  what  wouk] 
the  year  than  at  another,  yet  there  appears  no  appear  to  eyes  constituted  like  ours  were  we 
sensible  difference  in  their  size  or  arrange-  placed  on  the  surfaces  of  the  dififerent  planet& 
ment,  and  although  we  were  placed  on  the  Scenery  of  the  Heavens  from  the  Planet 
remotest  planet  of  the  system,  we  have  no  Mercury, — ^This  planet  being  so  near  the  sun 
reason  to  believe  that  any  material  difi&rence  has  prevented  us  from  discovering  various 
in  this  respect  would  be  perceived ;  for  the  particulars  which  have  been  ascertained  in 
distances  of  the  remoter  planets  bear  no  sen-  relation  to  several  of  the  other  planets;  and 
sible  proportion  to  the  distances  of  the  fixed  therefore,  little  can  be  said  respecting  its  ccles 
stars.  Even  the  distance  of  the  planet  Uranus,  tial  scenery.  The  starry  heavens  will  appeal 
great  as  it  is,  which  would  require  four  hundred  to  move  around  it  every  twenty-four  hours,  a* 
years  for  a  cannon  ball  to  move  over  the  space  they  do  to  us,  if  tl^e  observations  of  M.  Scfaroe 
which  intervenes  between  that  oib  and  us,  is  ter,  formerly  stated  (p.  33)  be  correct ;  but  th» 
less  than  the  ten  thousandth  part  of  the  dis-  direction  of  its  axis  of  rotation  is  not  known, 
tance  of  Jthe  nearest  star ;  and,  therefore,  can  and,  therefore,  we  cannot  tell  what  stars  wifi. 
produce  no  sensible  difference  in  the  general  appear  near  its  equator  or  its  poles.  The  sun 
aspect  of  the  starry  firmament  3.  Though  will  present  a  surface  in  the  heavens  seven 
the  general  arrangement  of  the  stars  and  con-  times  as  large  as  he  does  to  us,  and,  of  couTse, 
stcllations  will  a]>pear  the  some  as  to  us,  yet  will  exhibit  a  very  august  and  brilliant  appf^r- 
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mce  in  the  sky,  and  will  produce  a  correa-  earth  will  be  in  opposition  to  the  sun  every 
pOD^ng  brightness  and  vividnees  of  colour  on  four  mouths,  and  Vcnys  after  a  period  of  five 
the  objects  which  are  distributed  -over  the  sur-  months.  The  planets  Mars,  Jupiter,  and 
&ee  of  the  planet  Both  Venus  and  the  earth  Saturn  will  appear  nearly  as  they  do  to  us, 
will  appear  as  superior  planets ;  and  when  but  with  a  somewhat  inferior  degree  of  mag- 
Venus  is  near  its  opposition  to  the  sun,  at  nitude  and  brilliancy,  particularly  in  the  case 
which  time  it  will  rise  when  the  sun  sets,  it  of  Mars.  The  period  of  the  annual  revolu- 
wtll  pre«enr  a  very  brilliant  appeaianoo  to  the  tion  of  Mercury  being  eighty-eight  days,  the 
inhabitants  of  Mercury,  and  serve  the  pnrpo-  sun  will  appear  to  move  firom  west  to  east 
ses  of  a  small  moon,  to  illuminate  the  evenings  through  tlie  circle  of  the  heavens  at  a  rate 
in  the  absence  of  the  sun.  As  Venus  presents  more  than  four  times  greater  than  his  appareut 
a  foil  enlightened  hemisphere  at  this  period  to  motion  through  the  signs  of  our  zodiac 
the  inhahitants  of  Mercury,  it  will  exhibit  a  Appearance  of  the  Heavens  as  viewed  from 
•or&ce  six  or  seven  times  laiger  than  it  does  yenus. — To  the  inhabitants  of  this  planet 
to  us  when  it  shines  with  its  greatest  brilliancy,  the  heavens  will  present  an  aspect  nearly 
and,  therefore,  will  appear  a  very  bright  and  similar  to  that  of  Mercury,  with  a  few  varia- 
ooDspicuous  object  in  the  firmament  of  this  tions.  Mercury  will  be  to  Venus  an  inferior 
planet.  At  all  other  times  it  will  appear  at  planet,  which  will  never  appear  beyond  thirty- 
feast  two  or  three  times  larger  than  it  ever  eight  or  forty  degrees  of  the  sun.  It  will  ap> 
does  as  seen  from  the  earth.  It  will  generally  pear  in  the  evening  after  sunset  for  the  space 
appear  round ;  but  at  certain  times  it  will  ex-  of  two  or  three  hours  when  near  its  elonga- 
hibit  a  gibbons  phase,  as  the  planet  Mars  fre-  tion,  and  in  the  morning  before  sunrise  when 
qoently  does  to  us.  It  will  never  appear  to  in  the  opposite  part  of  its  course,  and  will 
the  inhabitants  of  Mercury  in  the  form  of  a  alternately  be  a  morning  and  an  evening  star 
crescent  or  a  half  moon,  as  it  sometimes  does  to  Venus,  as  that  planet  is  to  us,  but  with  a 
tfarongh  our  telescopes.  There  is  no  celestial  less  degree  of  splendour.  The  most  splendid 
body  within  the  range  of  this  planet  with  object  in  the  nocturnal  sky  of  Venus  will  be 
which  we  are  acquainted  which  will  exhibit  the  eartht  when  in  opposition  to  the  sun,  when 
either  a  half  moon  or  a  crescent  phase,  unless  it  will  appear  with  a  magnitude  and  splen- 
it.be  accompanied  with  a  satellite.  The  earth  dour  five  or  six  times  greater  than  either  Ju- 
is  another  object  in  the  firmament  of  Mercury  pitcr  or  Venus  appears  to  us  at  the  time  of 
which  will  appear  next  in  splendour  to  Venus,  their  greatest  brilliancy.  It  will  serve,  in  a 
Ttie  earth  and  Venus  are  nearly  of  an  equal  great  measure,  the  purpose  of  a  moon  to 
size,  Venus  being  only  180  miles  less  in  Venus,  if  this  planet  have  no  satellite,  and 
diameter  than  the  earth ;  but  the  earth  being  will  cause  the  several  objects  on  its  surface  to 
neariy  dooble  the  distance  of  Venus  from  project  distinct  and  well-defined  shadows,  as 
Mercury,  its  apparent  size,  at  the  time  of  its  our  moon  does  when  she  appears  a  crescent 
opposition  to  the  sun,  will  be  only  about  half  Our  moon,  in  its  revolutions  round  the  earth, 
that  of  Venus.  The  earth,  however,  at  this  will  likewise  appear  a  prominent  object  in  the 
period,  will  appear  in  the  Ay  of  Mercury  of  a  heavens,  and  will  probably  appear  about  the 
axji  and  splendour  three  or  four  times  greater  size  that  Jupiter  appears  to  us.  Her  occulta- 
than  Venus  does  to  us  at  the  period  of  its  tions,  eclipses,  and  transits  across  the  earth's 
greatest  brilliancy.  Our  moon  will  also  be  disk  will  be  distinctly  visible.  With  tele- 
seen  like  a  star  accompanying  the  earth,  scopes  such  as  the  best  of  ours. the  earth 
sometimes  approaching  to  or  receding  further  would  appear  from  Venus  a  much  larger  and 
from  the  earth,  and  sometimes  hidden  from  more  variegated  object  than  any  of  the  planets 
the  view  by  passing  across  the  disk  of  the  do  to  us  when  viewed  vrith  high  magnifying 
earth  or  throu^  its  shadow.  It  will  probably  powers.  The  forms  of  our  difierent  conti- 
appear  about  Aub  size  and  brightness  of  Mars  nents,  seas,  and  islands,  the  difierent  strata  of 
or  Saturn,  as  seen  in  our  sky.  The  earth  clouds  in  our  atmosphere,  with  their  several 
with  its  satellite,  and  Venus,  will  be  seen  changes  and  motions,  and  the  earth's  diurnal 
near  tha  same  point  of  the  heavens  at  the  rotation,  would,  m  all  probability,  be  distinctly 
end  of  every  nineteen  months,  when  they  will  perceived.  Even  the  varieties  which  distin- 
foT  some  time  appear  the  most  conspicuous  guish  the  surface  of  our  moon  would  be  visi* 
objects  in  the  heavens,  and  will  diffiise  a  con-  ble  with  telescopes  of  high  magnifying  power. 
■ideiaUe  portion  of  light  in  the  absence  of  the  The  circumstances  now  stated  prove  the  con- 
son.  At  other  periods,  the  one  will  rise  in  nexion  of  the  different  parts  of  the  planetary 
the  eastern  horizon  as  the  other  sets  in  the  system  with  one  another,  and  that  the  Creator 
western ,  so  that  the  inhabitants  of  Mercury  has  so  arranged  this  system  as  to  render  one 
will  seldom  be  without  a  conspicuous  object  world,  in  a  certain  degree,  subservient  to  the 
ID  their  heavens,  diiSusing  a  lustre  fiir  supe-  benefit  of  another.  The  earth  serves  as  a 
nor  to  thai  of  any  other  stars  or  planets.  The  large  and  splended  moon  to  the  lunar  mhac 
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bitanto ;  it  Herresi  in  «  certain  degree,  the  pur-  likewiee  be  seen  from  Man  like  a  small  star 
pose  of  a  small  moon  to  Mercury ;  it  serves  accompanying  the  earth,  sometimes  appearing 
the  purpose  of  a  larger  moon,  by  eihibiting  a  to  the  east  and  sometimes  to  the  west  of  the 
surface  and  a  radiimoe  four  tiroes  greater  to  earth,  but  never  at  a  greater  distance  from 
the  inhabitants  of  Venus ;  and  it  serves  as  a  each  other  than  fifteen  minutes  of  a  degree, 
morning  and  an  evening  star  to  the  planet  or  about  half  the  apparent  breadth  of  the 
Mars.  So  that,  while  we  feel  enjoyment  in  moon ;  and  with  telescopes  such  as  ours  all 
contemplating  the  moon  walking  in  bright-  its  phases  and  eclipses  might  be  distinctly  per- 
ness,  and  hail  with  pleasure  the  morning  star  ceived.  The  pUnets  Jupiter  and  Saturn  will 
as  the  harbinger  of  day,  and  feel  a  delight  in  appear  to  Mars  nearly  as  they  do  to  ns.  At 
surveying  those  nocturnal  orbs  through  our  the  time  of  Jupiter's  opposition  to  the  snn 
telescopes,  the  globe  on  which  we  dwell  that  planet  will  appear  a  alight  degree  larger, 
afibrds  similar  enjoyments  to  the  intellectual  as  M^  is  then  fifty  millions  of  miles  nearer 
beings  in  neigh  lx>uring  worlds,  who  behold  it  than  we  are ;  but  Saturn  will  not  appear 
our  habitation  from  a&ur  as  a  bright  speck  sensibly  larger  than  to  us;  and  it  is  likely  that 
upon  their  firmament,  diftusing  amid  the  the  planets  Uranus,  Vesta,  Juno,  Ceres,  and 
shades  of  night  a  mild  degree  of  radiance.  Pallas  will  not  be  more  distinguishable  than 
From  Venus  the  planeta  Saturn  and  Jupi-  they  are  fiom  our  globe.  The  point  Aritt, 
ter  will  appear  nearly  as  they  do  to  us,  but  on  the  ecliptic  of  Mars,  or  one  of  the  points 
the  planet  Mars  will  appear  considerably  where  its  ecliptic  and  equator  intersect  each 
smaller.  The  sun  in  this  planet  will  present  other,  corresponds  to  19°  28'  of  our  sign 
a  surface  twice  as  large  as  he  does  in  our  Sagittarius,  In  consequence  of  this,  the 
aky,  and  will  appear  to  make  a  revolution  poles  of  Mars  will  be  directed  tQ  points  of  the 
round  the  heavens  in  the  course  of  seven  heavens  considerably  difterent  from  our  polar 
months  and  a  hal^  which  completes  the  year  points,  and  its  equator  will  pass  through  a 
of  Venus.  difterent  series  of  stars  ftom  that  which  marks 
The  Heavens  at  viewed  from  Mars, — From  our  equator,  which  will  cause  the  difierent 
this  planet  the  earth  will  at  certain  periods  be  stars  and  constellations  in  their  apparent  dior- 
dislincUy  seen,  but  it  will  present  a  difterent  nal  revolution  to  present  a  difiexent  aspect 
aspect  both  in  its  general  appearance  and  its  from  what  they  do  in  their  apparent  move- 
apparent  motions  from  what  it  does  to  the  in-  ments  round  our  globe, 
habitants  of  Venus.  To  Mars  the  earth  is  The  Heavens,  as  viewed  from  Vesta,  Juno, 
an  inferior  planet,  whose  orbit  is  within  the  Ceres,  and  Pallas,^^The9e  planets,  being  so 
orbit  of  Mars.  It  will  therefore,  be  seen  only  very  nearly  at  the  same  mean  distance  firom 
as  a  morning  and  an  evening  star,  as  Venus  the  sun,  the  appearance  of  the  heavens  will 
appears  to  us ;  but  with  a  less  degree  of  mag-  be  nearly  the  same  to  the  inhabitants  (if  any) 
nitude  and  brightness,  since  Mors  is  at  a  of  each  of  these  bodies.  The  planet  Ju|Hter 
greater  distance  from  the  earth  than  the  earth  will  be  the  most  conspicuous  object  in  the 
is  from  Venus.  It  will  present  to  Mars  sue-  nocturnal  sky  of  all  these  planets,  and  will 
cessively  the  form  of  a  crescent,  a  half  moon,  appear  with  nearly  three  times  the  size  and 
and  a,  gibbous  phase,  but  will  seldom  or  never  splendour  that  he  does  when  seen  fiom  the 
be  seen  as  a  full  enlightened  hemisphere,  on  earth,  so  as  to  exhibit  the  appearance  of  a 
account  of  its  proxhnity  to  the  sun,  when  its  small  brilliant  moon.  Saturn  will  appear 
enlightened  surface  is  fully  turned  towards  somewhat  larger  and  brighter  than  to  us,  but 
the  planet ;  nor  will  it  ever  appear  further  re-  the  difference  in  his  appearance  will  be  incon- 
moved  from  the  sun,  either  in  the  mornings  siderable ;  nor  will  Uranus  be  more  distinctly 
or  evenings,  than  forty-eight  degrees,  so  that  visible  than  fit>m  the  earth.  At  other  timea^ 
the  earth  will  never  appear  in  the  firmament  when  near  their  conjunction  with  the  sun,  these 
of  Mars  about  midnight  The  earth  will  planets  will  appear  smaller  than  to  us.  Mars> 
likewise  be  sometimes  seen  to  pass  across  the  will  sometimes  appear  as  a  morning  and  an 
sun^s  disk  like  a  round  black  spot,  as  Venus  evening  star,  but  be  wiU  always  be  in  the  tm- 
and  Mercury  at  certain  periods  appear  to  us ;  mediate  neighbourhood  of  the  sun,  and  will 
but  the  planet  Mercury  will  never  be  seen  present  a  surface  much  less  in  apparent  size 
from  Mars  on  account  of  its  smallneas  and  its  than  he  does  to  the  earth.  The  earth  will 
nearness  to  the  sun ;  for  at  its  greatest  clonga-  seldom  be  seen  on  account  of  its  proximity 
tion  it  will  be  only  a  few  degrees  from  the  to  the  aim;  and  Venus  and  Mercury  will  be 
sun's  margin,  and  will  <  consequently  be  im-  altogether  invisible,  unless  when  they  transit 
mersed  in  his  rays.  The  only  time  in  which  the  solar  disk.  It  is  likely  that,  at  certain 
it  might  happen  to  be  detected  will  be  when  times,  the  planets  Vesta,  Juno,  Ceres,  and 
it  makes  a  transit  across  the  solar  disk.  Venus  Pallas  will  exhibit  an  uncommon,  and  occa 
will  be  as  seldom  seen  by  the  inhabitants  of  sionally  a  brilliant  appearance  in  the  firma* 
Mars  as  Mercury  is  to  us.  Our  moon  will  ment  of  each  other.  As  their  distances  from 
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die  80D  are  so  nearly  the  same,  they  may  oc-  so  proudi  vanishes  from  the  sight,  as  if  it  were 
casaonatly  approach  each,  other  so  as  to  be  ten  a  mere  atom  in  creation,  and   is  altogether 
times  nearer  to  one  another  in  one  part  of  unnoticed  and  unknown.     It  is  calculated  to 
their  course  than  at  another.    It  is  even  pos-  convey  a  lesson  of  humility  and  of  humanity 
sibie  that  &ey  might  approach  within  a  few  to  thoee  proud  and  ambitious  mortals  who 
miles  of  each  other,  or  even  come  into  colli-  glory  in  their  riches,  and  in  the  small  patches 
Bon.     These  different  positions  in  which  they  of  earthly  territory  they  have  acquired  at  tber 
may  be  placed  in  relation  to  one  another  will  expense  of  the  blood  of  thousands  of  their 
doubtless  prodace  a  great  variety  in  the  ap-  fellow-men,  and  who  fancy  themselves  to  bo 
pearancea  they  present  in  their  respective  a  species  of  demigods,  because  they  have  as- 
firmaments;  so  that  at  one  time  they  may  sisted  in   the  conquest  of  nations,  and   in 
present  in  the  visible  firmament  a  sur&ce  a  spreading  ruin  and  devastation  over  the  earth. 
hundred  or  even  two  hundred  times  greater  Let  us  wing  our  flight  to  Jupiter  or  Saturn, 
than  they  do  in  other  parts  of  their  annual  which  appear  so  conspicuous  in  our  nocturnal 
revoiutiona.     It  is  probable,  therefore,  that  the  sky,  and  before  we  have  arrived  at  the  middle 
diversified  aspects  of  these  planets,  in  respect  point  of  tlie  planetary  system  this  globe  on 
to  each  other,  will  form  the  most  striking  phe-  which  we  tread,  with  all  the  proud  mortals 
nomena  which  diversify  their  nocturnal  hea-  that  dwell  upon  its  surface,  vanisRes  from  the 
Tens.  In  consequence  of  the  great  eccentricity  sight  as  a  particle  of  water,  with  its  micro- 
of  the  orbit  of  Pallaa,  the  sun  will  appear  soopic  aniihalculA,  dropped  into  the  ocean, 
much  larger  to  this  planet  in  one  part  of  its  disappears  for  ever.    In  those  regions  more 
levolution  than  it  does  at  another.  expansive  and   magnificent  scenes  open   to 
Celetiial  Scenery  from  Jupiter^-^The  only  view,  and  their  inhabitants,  if  ever  they  have 
phmet  whose  appearance  will  be  conspicuous  heard  of  such  beings  as  fallen  man,  look  down 
in  the  firmament  of  Jupiter  is  the  planet  with  an  eye  of  pity  and  commiseration,  and 
Saium,  which  will  appear  with  a  surfiure  four  view  their  characters  and  conduct  with  a  holy 
times  greater  than  is  exhibited  in  our  sky,  and  indignation  and  contempt 
will  appear  larger  than  either  Jupiter  or  Venus  Venus  and  Mercury  will,  of  course,  be  alto- 
does  to  us,  particularly  at  the  time  of  its  oppo-  gether  invisible  from  the  surface  of  Jupiter, 
sition  to  the  sun.    At  certain  other  periods,  and  it  is  questionable  whether  even  the  planets 
when  near  the  time  of  its  conjunction  with  Vesta,  Juno,  Ceres,  and  Pallas  will  be  per- 
the  sun,  it  will  appear  considerably  smaller  caved.     But  although  so  few  of  the  primary 
than  when  viewed  from  the  earth ;  a%  at  such  planets  are  seen  in  the  nocturnal  sky  of  this 
periods,  Saturn  is  nearly  fourteen  hundred  planet,  its  firmament  will  present  a  most  splen- 
millions  of  miles  distant  from  Jupiter,  while  did  and  variegated  aspect  by  the  diversified 
it  is  never  beyond  ten  hundred  millionsKrom  phases,  eclipses,  and  movements  of  the  satel- 
the  earth,  even  at  its  remotest  distance.    The  lites  with  which  it  is  encircled ;  so  that  its  in- 
planet  Uranns,  which  is  scarcely  visible  to  our  habitants  will  be  more  charmed  and  interested 
unassisted  si^t,  will  not  be  much  more  dis-  by  the   phenomena  presented  by  their  own 
tmguishable  at  Jupiter  than  with  us,  even  at  moons  than  by  their  contemplation  of  the  other 
the  period  of  its  opposition,  although  Jupiter  bodies  of  the  system.    But  as  I  have  already 
is  at  that  time  400,000,000  of  miles  nearer  it  described  the  appearances,  of  the  moons,  as 
than  a  spectator  on  the  earth.  At  other  times,  seen  from  Jupitet  (p.  122,  chap.  iv.  sec.  ii.) 
when  near  its  conjunction  with  the  sun,  it  it  is  unnecessary  to  enlarge, 
will  be  2,300,000,000  of  miles  from  Jupiter,  Scenery  of  the  Heavens  as  viewed  from  So* 
which  is  400,'  00,000  of  miles  more  distant  turn, — The  firmament  of  Saturn  will  unques- 
than  it  ever  is  firom  us.    Mais  will  scarcely  tionably  present  to  view  a  more  magnificent 
be  seen  from  Jupiter,  both  on  account  of  his  and  diversified  scene  of  celestial  phenomena 
smallness  and  his  proximity  to  the  sun ;  for  than  that  of  any  other  planet  of  our  system, 
at  his  greatest  elevation  he  can  never  be  more  It  is  placed  nearly  in  the  middle  of  that  space 
than  eighteen  degrees  from  that  luminary,  which  intervenes  between  the  sun  and  the  orbit 
The  earth,  too,  will  be  invisible  from  Jupiter,  of  the  remotest  planet    Including  its  rings 
both  on  account  of  its  small  size,  its  distance,  and  satellites,  it  may  be  considered  as  the 
and  its  being  in  the  immediate  vicinity  of  the  largest  body  or  system  of  bodies  within  the 
sun,  and  immersed  in  its  rays;  so  that  the  in-  limits  of  the  solar  system ;  and  it  excels  them 
habitants  of  tibis  planet  will  scarcely  suspect  all  in  the  sublime  and  <£versified  apparatus 
that  such  a  globe  as  that  on  which  we  dwell  with  *^hich  it  is  accompanied.    In  these  re- 
exists  in  the  universe.    It  is  a  humiliating  spects  Saturn  may  justly  be  considered  as  the 
consideration  to  refiect,  that  before  we  have  sovereign  among  the  planetary  hosts.    The 
passed  over  one  fourth  part  of  the  extent  of  prominent  parts  of  its  celestial  scenery  may  be 
our  system,  this  earth,  with  all  its  kingdoms  considered  as  belonging  to  iis  own  system  of 
tftd  fimcied  grandetir,  of  which  mortals  are  rings  and  satellites,  and  the  views  which  will 
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occasionally  be  opened  of  the  firmament  of  (ion  to  perceive  that  they  an  in  reality  com 

the  fixed  stars;  for  few  of  the  other  planets  piete  ringt  which  environ  the  body  of  Saturn, 

will  make  their  appearance  in  its  sky.    Jupi-  yet  it  will  not  be  so  easy  for  its  inhabUanU  to 

ter  will  appear  alternately  as  a  morning  and  discover  this  iiict ;  as  only  a  portion  of  the 

eh  evening  star,  with  about  the  same  degree  rings  will  be  visible  in  some  places,  and  in  the 

of  brilliancy  it  exhibits  to  us ;  but  it  vrill  scl-  regions  near  the  poles  they  will  appear  only 

dom  be  C(»i0picuou8  except  near  the  period  of  like  a  bright  streak  in  the  horizon.   They  will 

its  greatest  elongation,  and  it  will  never  appear  naturally  conclude  that  the  shadows  proceed 

to  remove  from  the  sun  further  than  thirty-  from  some  body  in  their  ^rmament ;  but  they 

seven  degrees,  and,  consequently,  will  not  ap-  will  require  to  make  a  great  variety  of  obser-^ 

pear  so  conspicuous,  nor  for  such  a  length  of  vations,  to  compare  them  together,  and  to  in* 

time,  as  Venus  does  to  us.    Uranus  is  the  Testigate  the  doctrine  of  parallaxes,  before  they 

only  other  planet  which  will  be  seen  from  8a-  come  to  the  conclusion  that  the  phenomena 

turn,  and  it  will  there  be  distinctly  perceptible,  alluded  to  are  caused  by  mighty  rings  whicb 

like  a  star  of  the  third  magnitude,  when  near  encompass  their  habitation. 

the  time  of  its  opposition  to  the  sun.  But  near  As  the  diameter  of  Saturn  is  ten  times  the 

the  time  of  its  conjunction  it  will  be  completely  diameter  of  the  earth,  it  will  be  comparatively 

invisible,  being  then  eighteen  hundred  mil-  easy  for  its  inhabitants  to  find  the  parallaxea« 

lions  of  miles  more  distant  than  at  the  (^posi-  distances,  and  magnitudes  of  its  diflbrent  satel* 

tion,  and  eight  hundred  millions  of  miles  more  lites,  and  likewise  of  Jupiter  and  Uranus, 

distant  from  Saturn  than  it  ever  is  from  the  which  are  the  only  planets  visible  fi^m  Saturn. 

earth  at  any  period.    All  the  other  eight  To  those  who  dwell  in  its  equatorial  regions, 

planets,  together  with  our  moon,  will  be  far  the  motion  of  the  rings  around  their  axes  will 

beyond  the  reach  of  a  spectator  in  Saturn,  un-  iumish  an  accurate  measure  of  time,  as  well 

less  he  be  furnished  with  organs  of  vision  far  as  the  diurnal  rotation  of  the  planet ;  and  to 

superior  to  oure  in  their  '*  space-penetrating  aU  places  on  its  sur&ce  the  periodical  rev4>lQ- 

power.^'    It  is   not   improbable    that   more  tions  of  its  different  satellites  will  afford  various 

comets  will  be  seen  in  their  course  fiom  the  measures,  divisions,  and  subdivisions  of  the 

sun,  from  the  distant  regions  in  which  Saturn  lapse  of  duration.    The  su^  will  appear  firoiii 

moves,  than  from  that  part  of  the  system  in  this  planet  of  a  size  about  five  times  the  dia- 

which  we  are  placed.    Some  of  these  bodies,  meter  which  Jupiter  presents  to  our  view,  or 

when  they  pass  beyond  the  limits  of  our  view,  about  1-9  or  1-10  part  of  the  diameter  of  the 

will  be  visible  beyond  the  orbit  of  Saturn ;  and  sun  as  seen  from  the  earth ;  but,  notwithstand- 

as  their  motions  in  those  distant  spaces  are  ing,  there  appeare  no  deficiency  of  light  on 

much  slower  than  when  near  the  sun,  they  the  surfiu»  of  Saturn. 

will  remain  visible  for  a  longer  time,  when  LA  us,  then,  suppose  two  mighty  arches  in 

they  happen  to  make  their  appearance,  than  Saturn's  nocturnal  sky,  appearing  to  the  in- 

they  do  when  passing  through  our  part  of  the  habitants  of  one  region  like  broad  semicircles 

system.  of  light   extending    completely    across    the 

Having  already  given  a  pretty  full  descrip-  heavens,  to  other  regions  like  large  s^uientb 

tion  of  the  appearance  of  the  rings  of  this  of  an  arch,  the  highest  point  of  which  elevated 

planet  as  viewed  fi^m  its  surface  (p.  87-91)  only  twenty  or  thirty  degrees  above  the  hoii- 

and  of  the  phenomena  exhibited  by  its  satel-  zon,  and  to  the  places  adjacent  to  the  polar  re- 

lites  (p.  126,)  it  is  unnecessary  to  introduce  gions  as  a  zone  oflight  hovering  in  the  horizon  ; 

the  subject  in  this  place.    I  shall  only  remark  let  us  suppose  the  distant  stare  twinkling 

further,  in  regard  to  the  rings  which  encompass  through  the  dark  space  which  separates  the 

this  planet,  that,  besides  the  light  they  reflect  rings ;  the  sun  eclipsed  at  noon,  in  one  place. 

on  the  planet,  and  the  brilliant  aspect  they  by  the  upper  edge  of  the  rings,  and  in  anothci 

present  in  its  firmament,  they  cast  a  great  place  by  the  lower ;  the  brightness  of  this  In 

diversity  of  shadows  upon  the  surface  of  the  minary  waxing  dimmer  and  dimmer,  and  in  a 

planet,  of  different  breadths  at  different  times  few  houre  hidden  by  an  invisible  object,  not 

and  places,  and  it  will  require  a  considerable  to  appear  again  till  ailer  a  lapse  of  fourteen 

degree  of  attention  and  investigation  on  the  yeare ;  and  the  inhabitants  of  this  region  of 

part  of  ita  inhabitants  to  determine  whence  the  shadows  occasionally  travelling  to  those  coun 

shadows  proceed.    For  when  the  dark  sides  tries  where  the  rings  are  enlightened  and  the 

of  the  rings  are  turned  towards  them,  they  sun  is  constantly  shining :  let  ns  suppose  one 

will,  in  all  probability,  be  invisible  in  their  moon,  nine  times  as  large  in  apparent  size  as 

sky,  as  the  dark  side  of  the  moon  or  of  Venus  oure,  suspended  in  the  can<^y  of  heaven ; 

is  to  us ;  and,  therefore,  they  may  be  at  a  loss,  another,  three  times  as  large  as  ours,  in  another 

in  some  instances,  to  discover  the  causes  of  quarter  of  the  sky ;  a  third  twice  as  large ;  a 

such    varieties '  of  light    and    shade.    For,  tourth  about  the  apparent  size  of  our  moon . 

although  we  are  placed  in  a  convenient  posi-  and  a  fifih,  sixtii,  and  seventh  of  difierent  ap 
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paient  magmtodes ;  some  of  them  appearing  IxxUes  have  been  discoyered  revolving  around 

with  a  careacent,  some  with  a  gibbous  phase,  it,  and  it  is  not  improbable  that  several  more 

■ad  others  with  a  full  enlightened  hemisphere ;  (perhaps  three  or  four)  may  be  connected 

some  rising,  some  setting ;  one  entering  into  with  tlus  distant  orb,  the  smallness  of  which, 

sn  eclipse,  and  another  emerging  from  it ;  let  and  ^eir  neamess  to  the  planet,  may  for  ever 

us  suppose  such  scenes  as  these,  and  we  may  prevent  them  from  being  detected  by  our  most 

acquire  a  general  idea  of  the  phekiomena  pre-  powerful  instruments.    Let  us  suppose,  then, 

sented  in  the  heavens  of  Saturn.  one  satellite  presenting  a  surface  in  the  sky 

Scenery  of  the  Heavens  in  Uranus.^The  eight  or  ten  times  larger  than  our  moon;  a 

cfAnt  of  this  planet,  so  for  as  we  know,  forms  second  five  or  six  times  larger;  a  thiid  three 

the  extreme  boundary  of  the  planetary  system,  times  larger ;  a  fourth  twice  as  large ;  a  fiflh 

Being  so  far  removed  from  the  centre  of  the  about  the  same  size  as  the  moon ;  a  sixth 

system,  almost  all  the  other  planets  and  their  somewhat  smaller ;  and,  perhaps,  three  or  four 

satellites  will  be  invisible  to  a  spectator  placed  others  of  different  apparent  dimensions :  let 

on  this  orb.    The  only  planet  which  will  be  us  suppose  two  or  three  of  these,  of  different 

distinctly  visible  is  Saturn,  which  will  be  seen  phases,  moving  along  the  concave  of  the  sky, 

occasionally  as  a  morning  and  an  evening  star,  at  one  period  four  or  five  of  them  dispersed 

and  will  appear  nearly  of  the  same  size  as  to  through  the  heavens ;   one  rising  above  the 

OS ;  but  as  it  will  always  be  seen  in  the  imme-  horizon,  one  setting,  one  on  the  meridian,  one 

<fiate  neighbourhood  of  the  sun,  it  will  only  be  towards  the  north,  and  another  towards  the 

visible  at  certain  distant  periods,  or  intervals  south ;  at  another  period  five  or  six  of  them 

of  fifteen  years,  and  will  appoar  about  as  near  displaying  their  lustra  in  the  form  of  a  half 

to  the  snn  as  Mercury  does  when  viewed  from  moon  or  a  crescent  in  one  quarter  of  the 

the  earth.    Its  rings  and  satellites  might  oo-  heavens,  and  at  another  time  the  whole  of 

caaionally  be  perceived  with  such  instruments  these  moons  shining,  with  full   enlightened 

as  our  b^  telescopes  when  it  is  near  the  points  faemispheroe,  in  one  glorious  assemblage,  and 

of  its  greatest  elongation.    It  is  not  probable  we  shall  have  a  faint  idea  of  the  beauty,  vari- 

tbat  Jupiter  will  be  visible  from  this  planet  on  ety,  and  sublimity  of  the  firmament  of  Uranus, 

account  of  its  proximity  to  the  sun.    If  ever  What  is  deficient  in  respect  of  the  invisibility 

it  be  visible,  it  will  only  be  for  a  short  time,  of  the  other  planets  is  amply  compensated  by 

after  periods  of  six  or  eight  years  have  elapsed,  its  assemblage  of  satellites,  which  illuminate 

From  Uranus  it  is  likely  that  the  motions  of  and  diversify  its  nocturnal  sky.     Although 

some  of  the  comets  will  be  seen  to  advantage,  this  planet  is  more  than  seventeen  hundred 

and  for  a  considerable  length  of  time,  as  the  millions  of  miles  nearer  some  of  the  fixed 

motions  of  these  bodies  must  be  comparatively  stars  than  we  are,  yet  those  luminaries  will 

slow  in  those  distant  regions.   It  is  not  impro-  not  appear  sensibly  larger,  as  seen  from  Ura- 

bable  that,  in  their  course  from  the  sun,  the  nus,  than  they  do  from  our  globe.    For  even 

motions  of  some  of  these  bodies  may  be  fol-  this  immense  interval  would  not  subtend  an 

Um€A.  to  the  extreme  point  of  their  trajectories,  angle  of  nineteen  seconds,  or  the  1-190  part 

and  their  courses  traced  in  their  return  to-  of  a  degree,  as  seen  from  the  nearest  star; 

wards  the  central  luminary ;  and  that  they  and,  of  course,  all  the  constellations  will  pre- 

may  be  visible  in  the  firmament  of  this  planet  sent  the  same  figures  and  relative  aspects  as 

fbr  months,  and  even  for  years  together.    It  is  they  do  to  us,  iivith  this  diflference  only,  that 

likewise  probable  that,  firom  Urauus,  the  pa-  those  stars  which   are   near  our  equator  or 

raltax  of  the  nearest  fixed  stars,  and,  oonse-  tropics  may  be  near  the  poles  or  polar  circles 

quently,  their  dittance,  may  foe  ascertained,  of  Uranus.    This  depends  entirely  upon  the 

For  the  diameter  of  its  orbit,  which  is  3,600,-  position  of  its  axis  of  rotation,  which  is  to  us 

000,000  of  miles,  will  form  a  pretty  extensive  unknown.  The  sun  will  appear  so  small  from 

base  line  for  this  purpose,  and  will  produce  a  this  planet,  that  its  apparent  diameter  will  not 

pjirallax  nineteen  times  greater  than  that  of  exceed  2^  times  the  apparent  diameter  of 

l!ic  diameter  of  the  earth's  annual  orbit,  which  Jupiter;  but  its  light  is  not  so  weak  as  we 

is  only  190  millions  of  miles.    But  the  deter-  might  be  apt  to  imagine  from  this  drcum- 

mination  of  such  a  parallax  would  require  a  stance,  as  is  evident  from  the  brightness  it 

aeries  of  observations  made  at  intervals  of  exhibits  when  viewed  with  a  telescope  in  the 

forty-two  years,  namely,  at  two  opposite  points  nighttime,  and  likewise  firom  the  well-known 

of  the  oibit  of  Uranus,  in  moving  between  phenomenon  that  when  the  sun  is  eclipsed  to 

which  it  occupies  a  space  of  nearly  forty-two  us,  so  as  to  have  only  the  one  fortieth  part  of 

years.  its  disk  left  uncovered  by  the  moon,  the  dimi- 

The  most  splendid  and  interesting  scenery  nution  of  light  is  not  veiy  sennble ;  and  it  has 

In  the  firmament  of  this  planet  will  be  pro-  been  frequently  noticed  that,  at  the  end  of  the 

dnced  by  the  phases,  eclipses,  revolutions,  and  darkness  in  total  eclipses,  when  the  sun's 

faiious  aspects  oS  its  moons.    Six  of  these  western  limb  begins  to  be  visible,  and  seems 
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no  bigger  thac  a  thread  of  fine  sQyer  wire,  the  (see  p.  1 1 1,)  by  whidi  it  appears  to  turn  oo- 
increaae  of  light  is  so  considerable,  and  so  casionally  a  small  portion  of  its  hemisphere 
quickly  illuixunates  all  snrrounding  objects,  as  towards  the  earth.  In  consequence  o(  this 
to  strike  the  spectators  with  surprise.  Bat  libration  the  earth  will  appear  now  and  then 
whatever  deficiency  of  light  there  may  be  on  to  shift  its  position  a  little  by  a  kind  of  vibra- 
this  planet,  we  may  rest  assured,  from  a  con-  toiy  motion,  so  that  those  at  the  extremities 
sideration  of  the  wisdom  and  benevolence  of  of  the  hemisphere,  who  see  the  earth  in  their 
the  Cieator,  that  this  deficiency  is  amply  com-  horizon,  will  sometimes  see  it  dip  a  little  be- 
pensated,  either  by  the  objects  on  which  it  low,  and  at  other  times  rise  a  little  above  their 
fidls  being  endowed  with  a  strong  reflective  horizon.  This  vibratory  motion  they  will  pro- 
power,  or  Ir^  the  org^ans  of  vision  being  adapt-  bably  be  dispoeed,  at  first  vieW,  to  attribute  to 
ed  to  the  light  received,  or  by  some  other  con-  the  earth,  which  they  ^11  naturally  consider 
trivauces  with  which  we  are  unacquainted.  as  a  body  nearly  at  rest,  but  subject  to  a  vi- 
bratory movement  like  that  of  a  pendulum, 
BCEWEBT  OP  THE  HEATERS  AS  SEEK  «0M  THE  ^^ercas  this  apparent  vibrati<m  proceeds  from 

SATELLITES.  ^^  „^„  ^^£- 

Cdetiidl  Scenery  of  the  Moon* — ^Although  The  earth  is  continually  shifting  its  phases 

the  moon  is  the  nearest  body  to  the  earth,  and  as  seen  from  the  moon.    When  it  is  new 

its  constant  attendant,  yet  its  celestial  pheno-  moon  to  us  it  is  full  moon  to  the  lunar  in- 

mena  wUl,  in  a  variety  of  respects,  be  very  habitants,  as  the  hemisphere  of  the  earth  next 

diflerent  from  ours.    The  earth  will  appear  to  the  moon  is  then  fuUy  enlightened ;  so  that,  at 

be  the  ^ost  splendid  orb  in  its  nocturnal  sky,  the  time  when  the  sun  is  absent,  they  enjoy 

and  its  various  phases  and  relative  positions  the  efiulgenoe  of  a  frill  moon  thirteen  times 

will  form  a  subject  of  interesting  inquiry  and  larger  than  ours.    When  the  moon  is  in  the 

eonteraplation  to  its  inhabitants:    It  will  pre-  first  quarter  to  us,  the  earth  is  in  the  third 

sent  the  appearance  of  a  globe  in  the  sky  quarter  to  them;  and,  in  every  other  case,  the 

thirteen  times  larger  than  the  moon  does  to  phases  of  the  earth  are  exactly  opposite  to 

us,  and  will  diffuse  nearly  a  corresponding  those  which  the  moon  presents  to  us  (see  p. 

portion  of  light  on  the  mountains  and  vales  on  111.)   The  earth  passes  through  all  the  phases 

the  lunar  sur&ce.    As  the  moon  always  pre-  of  the  moon  in  the  course  of  a  month ;  but  the 

sents  nearly  the  same  side  to  our  view,  so  the  prioress  of  these  phases  will  be  more  regu- 

earth  will  be  visible  to  only  one  half  of  the  taurly  and  accurately  perceived  than  that  of  the 

lunar  inhabitants.    Those  who  live  on  the  moon's  phases  are  by  us.    When  it  is  night 

opposite  side  of  the  moon,  which  is  never  in  the  moon,  and  the  nights  there  are  a  fori- 

tumed  tovrards  our  globe,  will  never  see  the  night  long,  the  inhabitants  see  at  first  only  a 

earth  in  the  sky  unless  they  undertake  a  jour-  small  part  of  the  earth  enlightened,  like  a 

ney  to  the  opposite  hemisphere  for  this  pur-  slender  crescent ;  then  a  larger  and  a  larger 

pose ;  and  those  who  dwell  near  the  central  portion,  till  at  length  it  becomes  entirely  lumi- 

parts  of  that  hemisphere  which  is  turned  from  nous.    During  the  whole  of  these  changes 

our  globe  will  require  to  travel  more  than  the  earth  is  every  moment  visible,  and  appa- 

1500  miles  before  they  dan  behold  the  large  rently  fixed  in  the  same  immovable  position ; 

globe  of  the  earth  suspended  in  the  sky.    To  and  as  there  are  no  clouds  in  the  lunar  atmo- 

all  those  to  whom  the  earth  is  visible,  it  will  sphere,  the  view  of  the  earth  and  of  the  varia- 

appear  fixed  and  immovable  in  the   same  tion  of  its  phases  will  never  be  interrupted; 

relative  point  of  the  sky,  or,  at  least,  will  ap-  whereas  these  changes  in  the  moon  are  visible 

pear  to  have  no  circular  motion  round  the  to  us  only  from  one  ni^t  to  another,  and,  by 

heavens.    To  a  spectator  placed  in  the  middle  the  interposition  of  clouds,  the  moon  is  fre- 

of  the  moon's  visible  hemisphere,  the  earth  quently  hidden  from  our  view  £>r  seven  or 

will  appear  directly  in  the  zenith  or  over  head,  eight  days  together.    By  means  of  the  light 

and  will  always  seem  to  be  fixed  very  nearly  thus  difnised  by  ^  earth  upon  the  moon,  it 

in  that  position.   To  a  spectator  placed  in  any  so  happens  that  the  side  of  the  moon  next  the 

part  of  the  extremity  of  that  hemisphere,  or  earth  is  never  in  darkness ;  ibr,  when  the  sun 

what  seems  to  us  to  be  the  margin  of  Uie  moon,  is  absent,  the  earth  shines  in  the  firmament 

the  earth  will  appear  always  nearly  in  the  with  a  greater  or  less  degree  of  splendour;  but 

horizon ;  and  to  spectators  at  intermediate  po-  when  tiie  sun  is  absent  from  the  other  hemi- 

sitions  the  earth  will  appear  at  higher  or  lower  sphere,  the  inhabitants  have  no  light  but  what 

elevations  above  the  horizon,  according  to  their  is  derived  from  tbe  stars  and  planets.    It  is 

distance  from  the  extremities  or  the  central  probable,  however,  that  the  light  of  these  lu- 

parts  of  that  hemisphere.    But,  although  the  minaries  is  more  brilliant  as  seen  from  the 

earth  appears  fixed  nearly  in  the  same  part  moon  than  from  the  earth,  as  tike  lunar  atmc* 

of  the  sky,  there  is  a  slight  variation  produced  sphere  is  more  pure  and  transparent  than  that 

by  what  is  termed  the  Ubralum  of  the  moon  of  the  earth,  and  as  no  clouds  or  dense  vapours 
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exist  in  it  to  inieioopt  the  rajs  of  those  distant  the  earth  to  present  a  diversify  of  aspect  to 
oibs ;  and  the  stais  and  planets  will  constantly  the  inhabitants  of  the  moon.  The  bands  of 
shine  in  the  firmament  of  that  hemisphere  of  ice  which  surround  the  poles  will  alternately 
the  moon  with  undiminished  lustre.  Perhaps,  exhibit  a  kind  of  lucid  circle,  while  the  verdant 
too,  there  may  be  some  arrangement  for  pro-  plains  will  appear  of  a  different  colour  and 
viding  additional  tight  to  that  hemisphere  in  assume  a  milder  aspect.  By  means  of  these 
the  absence  of  the  sun,  either  by  the  ccnrusca-  different  spots,  the  lunarians  will  be  enabled 
lions  of  some  phosphoric  sobstauce,  or  by  to  determine  the  exact  period  of  the  earth's 
something  analogous  to  our  aurora  boreelis.       rotation,  as  we  determine  that  of  the  sun  by 

Whether  the  earth  will  throw  as  much  light  the  appearance  and  disappearance  of  the  spots 
upon  the  moon,  in  proportion  to  0$  size,  as  on  its  surface.  And  as  the  period  of  the 
the  moon  diffuses  upon  the  earth,  is  somewhat  earth's  rotation  never  varies,  it  may  serve  as 
doubtful.  I  am  disposed  to  think  that  the  a  dock  or  dial  for  the  exact  measure  of  time  *, 
greater  part  of  the  sur&ce  of  the  terraqueous  and  the  lesser  divisions  of  this  period  may  be 
globe  will  not  reflect  so  much  light,  in  pro-  ascertained  by  the  appearance  on  the  margin 
portion  to  its  bulk,  as  the  general  surface  of  or  the  central  parts  of  the  earth's  hemisphere 
the  moon ;  for,  as  the  gieater  part  of  the  earth  of  certain  seas,  continents,  o"  large  islands, 
is  covered  with  water,  and  as  water  absorbs  a  which  will  constantly  appear  on  certain  parts 
considerable  portion  of  the  rays  of  light,  the  of  the  earth's  disk  at  regular  intervals  of  time. 
seas  and  ocean  will  present  a  more  dark  and  Through  telescopes  such  as  ours,  the  varie- 
•ombre  aspect  than  any  part  of  the  Iimar  orb  gated  aspect  of  the  earth  in  its  diurnal  motion 
presents  to  us ;  but  it  is  highly  probable  that  would  present  to  us,  were  we  placed  on  the 
the  continents  and  islands  will  exhibit  a  lustie  moon,  a  novel  and  most  interesting  appear- 
nearly  equal  to  that  of  the  mountainous  re-  ance. 
gions  of  the  moon.  The  apparent  diurnal  motions  of  the  sun, 

Although  the  earth  will  seem  nearly  fixed   the  planets,  and  the  stars,  will  appear  much 
in  one  position,  yet,  iU  rotation  round  its  axis   slower,  and  somewhat  difierent  in  several  re- 
vbUI  he  dUHndly  perceptible^  and  will  present   spects  from  what  they  do  to  us.    When  the 
a  variety  of  di&rent  appearances.    Europe,   sun  rises  in  their  eastern  horizon,  his  progress 
Asia,  Africa,  and  America,  will  present  them-   through  the  heavens  will  be  so  slow  that  it 
selves  one  afler  another  in  different  shapes,   will  require  more  than  seven  of  our  days  be- 
neariy  as  they  are  represented  on  our  maps  fore  he  comes  to  the  meridian,  and  the  same 
and  globes ;  and  the  regions  near  our  poles,   time   before  he   descends  to  their  western 
which  we  have  never  yet  had  it  in  our  power   horizon ;  for  the  days  and  nights  of  the  moon 
to  explore,  will  be  distinctly  seen  by  the  Inna-   are  nearly  fifteen  days  each,  and  they  are 
rians,  who  will    be    enabled   to   determine   nearly  of  an  equal  length,  on  all  parts  of  its 
whether  they  chiefly  consist  of  land  or  of   surfiice,  as  its  axis  is  nearly  perpendicular  to 
water.    The  several  continents,  seas,  islands,   the  ecliptic,  and,  consequently,  the  sun  never 
lakes,    peninsulas,    plains,    and    mountain   removes  to  any  great  distance  from  the  equator. 
ranges,  wOl  appear  like  so  many  spots,  of   During  the  day  the  earth  will  appear  like  a 
diflerent   forms   ai^  degrees  of  brightness,  faint  cloudy  orb,  always  in  the  same  position ; 
iiio\ing  over  its  sur&ce.    When  the  Pacific   and  during  night  the  stara  and  planets  will  be 
Oeean,  which  occupies  nearly  half  the  globe,  visible,  toitkout  interruption,  for  fifteen  days, 
is  presented  to  view,  the  great  body  of  the   and  will  be  seen  moving  gradually  during 
earth  will  assume  a  dusky  or  sombre  aspect,   that  time  from  the  eastern  to  the  western 
except  towards  the  north,  the  north-east,  and  horizon.    Though  the  earth  will  always  be 
north-west ;  and  the  islands  connected  with  seen  in  the  same  point  of  the  sky  both  by  day 
this  ocean  vrill  exhibit  the  appearance  of   and  night,  yet  it  will  appear  to  be  constantly 
smaQ  lucid  spots  on  a  da'k  ground.    But  shifting  its  position  with  respect  to  the  planets 
when  the  eastern  continent  turns  round  to   and  the  stars,  which  will  appear  to  be  regu- 
▼iew,  the  earth  (especially  its  northern  parts)    larly  moving  from  the  eart  to  the  west  of  it, 
will  appear  to  shine  with  a  greater  degree  of    and  some  of  them  will  occasionally  be  hidden 
lustre.    These  appearances  will  be  diversified   or  suffer  an  occultation  for  three  or  four  houra 
by  the  numerous  strata  of  clouds  which  are   behind  its  body.    The  sun,  planets,  and  fixed 
continually  carried  by  the  winds  over  different   stars  will  appear  exactly  of  the  same  apparent 
regions,  and  will  occasionally  intercept  their   magnitudes  as  they  do  from  the  earth ;  but  as- 
view  of  certain  parts  of  the  continents  and   the  poles  of  the  moon  are  directed  to  points 
seas,  or  render  their  appearance  more  obscure   of  the  heavens  different  from  those  to  which 
at  one  time  than  at  another.    It  is  likewise   the  poles  of  the  earth  are  directed,  the  pole- 
probable  that  the  occasional  storms  in  tropical   stare  in  the  lunar  firmament,  and  the  stara 
climates,  and  the  changes  produced  in  different   which  mark  its  equator  and  parallels,  will  all 
countries  by  summer  and  winter,  will  cause    be  different  from  oure ;  so  that  the  stars,  in 
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tlieir  appatent  diurnal  rev/ilutions,  will  appear  other  parts  of  the  moon's  mnface  there  vnSl 
to  describe  circles  dlfiercnt  from  those  which  bo  a  partial  eclipse  of  the  sun,  and  to  those 
they  describe  in  oar  ^y.  The  inferior  planets  who  are  beyond  the  range  of  the  earth's 
Mercury  and  Venus  will  generally  be  seen  in  shallow  no  eclipse  will  appear.  When  an 
the  neighbourhood  of  the  sun,  as  they  are  eclipsa  of  the  sun  happens  to  us,  the  lunarians 
firom  the  earth ;  but  they  will  be  more  die-  will  behold  a  dark  spot,  with  a  penumbra  or 
tinctly  perceived,  and  be  visible  for  a  much  fiiinter  shades  around  it,  moving  across  the 
longer  period  of  time  after  sunset  than  they  disk  of  the  earth,  which  then  appears  a  full 
are  from  our  globe.  This  is  owing,  first,  to  enlightened  hemisphere,  excepting  the  ob- 
the  transparency  of  the  lunar  atmosphere,  scurity  caused  by  the  progress  of  the  shadow, 
and  the  absence  of  dense  vapours  near  the  The  inhabitants  on  the  other  hemisphere  of 
horizon,  which,  in  our  case,  prevent  any  dis-  the  moon  can  never  experience  a  solar  ecUpse, 
tinct  observations  of  the  celestial  bodies  when  as  the  earth  can  never  interpose  between  the 
at  a  low  altitude ;  and,  secondly,  to  the  slow  mm  and  any  part  of  that  hemisphere,  so  that 
apparent  diurnal  option  of  these  bodies,  they  will  only  know  of  such  phenomena  by 
When  Mercury  is  near  its  gp^atest  elonga-  report,  unless  they  undertake  a  journey  for 
tion,  it  will  remain  above  the  horizon  more  the  purpose  of  observing  them, 
than  thirty  hours  after  the  sun  has  set,  and.  The  study  of  astronomy  in  the  moon  wilt, 
consequently,  will  be  visible  for  a  much  longer  on  the  whole,  be  more  difficult  and  complex 
time  in  succession  than  it  is  to  us.  When  than  to  us  on  the  earth.  The  phenomena 
Venus  is  near  its  greatest  elongation,  it  will  exhibited  by  the  earth  will  be  the  most  diffi- 
be  seen,  without  intermission,  either  as  a  cult  to  e?rplain.  The  lunarians,  at  first  view, 
morning  or  an  evening  star,  for  a  space  o(  will  be  apt  to  imagine  that  the  earth  is  a 
time  equal  to  more  than  three  of  our  days,  quiescent  body  in  their  firmamenjt,  because  it 
The  superior  planets,  as  with  us,  will  be  seen  appears  in  the  same  point  of  the  sky,  and  that 
in  difi^rent  parts  of  the  heavens,  and  occa-  the  other  heavenly  orbs  revolve  around  it.  It 
sionally  in  opposition  to  the  sun;  but  they  will  require  numerous  observations  of  the 
will  appear  to  be  continually  shifting  their  apparent  motions  of  the  sun,  the  earth,  the 
positions  with  respect  to  the  earth,  and  in  the  planets,  and  the  stars,  and  numerous  dnins 
coarse  of  fifteen  days  will  be  seen  in  the  of  reasoning  respecting  the  phenomena  they 
very  opposite  quarter  of  the  heavens,  and  in  exhibit,  before  they  are  convinced  that  the 
other  fifteen  days  will  be  again  in  conjunction  globe  on  which  they  dwell  really  moves  round 
with  the  earth ;  and  nearly  the  same  appear-  the  earth,  and  that  both  of  them  move,  in  a 
ances  will  be  observed  in  reference  to  the  certain  period,  around  the  sun.  If  they  are 
other  planets,  but  the  periodic  Umes  of  their  endowed  with  no  higher  powers  than  man,  or 
conjunctions  with  the  earth  and  oppositions  if  they  are  as  foolish  and  contumacious  as  the 
to  it  will  be  somewhat  different,  owing  to  the  great  bulk  of  mankind,  it  will  be  more  difificult 
difference  of  their  velocities  in  their  annual  to  convince  them  of  the  true  system  of  the 
revolutions.  world  than  it  has  been  for  our  astronomers  to 

The  eclipses  of  the  sun  which  happen  to  convince  a  certain  portion  of  our  community 
the  lunarians  will  be  more  striking,  and  total  that  the  earth  turns  round  its  axis,  and  per- 
darkness  will  continue  for  a  much  longer  time  forms  a  revolution  round  the  sun.  They  will 
than  with  us.  When  a  total  eclipse  of  the  naturally  think,  as  we  did  formerly,  that  their 
nwon  happens  to  us,  there  will  be  a  total  habitation  is  in  a  quiescent  state  in  the  centra 
eclipse  of  the  sun  to  the  lunarians.  At  that  of  the  universe,  and  that  all  the  other  bodies  ia 
time  the  dark  side  of  the  eartli  is  completely  the  heavens,  except  the  earth,  revolve  around 
turned  towards  the  moon,  and  the  sun  will  it ;  and  the  singular  phenomena  which  our 
appear  to  pass  gradually  behind  the  earth  till  globe  exhibits  in  their  sky,  with  its  diversified 
it  entirely  disappears.  The  time  of  the  con-  aspect,  its  diurnal  rotation,  and  occasional 
tinuance  of  total  darkness  in  central  eclipses  vibrntionsy  will  puzzle  them  not  a  little  in 
will  be  nearly  two  hours  *,  and,  of  course,  a  attempting  to  find  out  a  proper  explanation 
total  eclipse  of  the  sun  will  be  a  far  more  It  will  be  somewhat  difficult  for  thfem  to  ascer- 
striking  and  impressive  phenomenon  to  the  tain  the  exact  length  of  th^ir  year,  or  the  time 
inhabitants  of  the  moon  than  to  us,  A  com-  of  their  revolution  round  the  sun.  There  are 
plete  darkness  will  ensue  immediately  after  only  two  ways  by  which  we  can  conceive  they 
the  body  of  the  sun  is  hidden,  and  the  stars  will  be  enabled  to  determine  this  point:  I. 
and  planets  will  be  as  clearly  seen  as  at  mid-  By  observing  when  cither  of  the  poles  of  ths 
night.  When  a  partial  eclipse  of  the  moon  earth  begins  to  be  enlightened  and  the  other 
happens  to  us,  all  that  portion  of  the  moon's  pole  to  disappear,  which  is  always  at  the  timo 
surface  over  which  the  shadow  of  the  earth  of  our  equinoxes.  2.  By  observing- the  conisa 
passes  will  suffer  a  total  eclipse  of  the  sun  of  the  sun  among  the  stars,  and  endeavouring 
during  the  period  of  its  continuance.  On  to  ascertain  when  he  returns  to  the  same  rela* 
(496) 
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■▼e  poHtion  in  reference  to  any  of  these  orbs,  telliies  of  Jupiter. — ^Thc  scenery  of  the  fimia- 
The  length  of  the  Kinar  year  is  about  the  same  roeot  as  beheld  from  the  satcUites  of  thio 
as  ours,  but  different  as  to  the  number  of  days,  planet  will  bear  a  certain  analogy  to  what  we 
the  lunarians  having  only  12  7-1^  days  in  their  have  now  described  in  relation  to  the  moon, 
year,  cveiT  day  and  night  being  as  long  as  29  J  but  it  will  be  much  more  diversified  and  re- 
ofouTs.  On  the  other  hand,  the  lunar  astrono-  splendent.  The  most  striking  and  glorious 
mers  will  enjoy  some  advantages  in  making  object  in  the  firmament  of  the^r^  sate/lite  is 
celestial  observations  which  we  do  not  possess,  the  planet  itself.  The  distance  of  this  satcl- 
Tbose  who  five  on  the  side  next  the  earth  lite  from  the  centre  of  Jupiter  being  only  about 
will  Ik  enabled  to  determine  the  longitttde  of  three  diameters  of  that  body,  it  will  appear  in 
places  on  the  lunar  sui&ce  with  as  much  ease  the  heavens  like  an  immense  globe,  above 
ai  we  find  the  latitude  of  places  on  our  globe,  thirteen  hundred  times  larger  than  the  appa- 
For  as  the  earth  keeps  constantly  over  one  rent  size  of  our  moon,  and  will  occupy  a  con- 
meridian  of  the  mo<m  (or  very  nearly  so,)  the  siderable  portion  of  |he  celestial  hemisphere. 
east  and  west  distances  of  places  firom  that  To  those  who  live  in  the  middle  of  the  hemi- 
meridian  may  be  readily  found,  by  taking  the  sphere  of  this  satellite,  opposite  to  Jupiter, 
altitude  of  the  earth  above  the  horizon,  or  its  this  vast  globe  will  appear  in  the  zenith,  filling 
distance  from  the  zenith,  on  the  same  principle  a  large  portion  of  the  sky  directly  above 
as  we  obtain  the  latitude  of  a  place  by  taking  them,  equal  to  19  degrees  of  a  great  circle, 
the  altitude  of  the  pole-star,  or  the  height  of  so  that  nine  or  ten  of  such  bodies  would  reach 
the  equator  above  the  horizon.  The  lunar  firora  one  side  of  the  heaviens  to  another, 
astronomers  will  likewise  possess  advantages  To  those  in  other  situations  it  will  appear  at 
superior  to  outs  in  the  purity  of  their  atmo-  different  elevations  above  the  horizon,  accord- 
sphere,  and  the  greater  degree  of  brilliancy  ing  to  their  distances  from  the  central  parts 
with  which  the  heavenly  bodies  will  appear ;  of  that  hemisphere.  This  huge  globe,  in  the 
and,  in  particular,  they  enjoy  a  singular  ad-  conne  of  twenty-one  hours,  will  exhibit  a 
vantage  above  a  terrestrial  astronomer  in  the  crescent,  a  half  moon,  a  gibbous  phase,  and  a 
length  cf  tkdr  mghts,  which  gives  them  an  full  enlightened  hemisphere,  so  that  its  appear- 
opportunity  of  contemplating  the  heavenly  ance  will  be  perpetually  changing.  When  it 
bodies,  particularly  Mercuiy  and  Venus,  and  shines  with  a  fuli.fiice,  it  will  exhibit  a  most 
tracing  their  motions  and  aspects  for  a  length  glorious  appearance :  it  will  reflect  an  im- 
of  time  without  intermission.  menso  quantity  of  light  upon  the  satellite, 

Such  are  some  of  the  peculiar  phenomena  and  all  the  varieties  on  its  surface  will  be 
of  the  heavens  as  beheld  from  the  moon,  beautifully  perceived.  In  the  daytime  it  will 
However  different  these  phenomena  may  ap-  present  a  cloudy  appearance,  continually 
pear  from  those  which  are  beheld  in  our  ter-  changing  its  form,  and  when  its  dark  side  is 
restrial  firmament,  they  are  all  owing  to  the  turned  to  the  satellite  it  will  probably  become 
following  circumstances :  that  the  moon  moves  invisible ;  but  it  will  never  be  altogether  in- 
round  the  earth  as  the  more  immediate  centre  visible  beyond  two  or  three  hours  at  a  time, 
of  its  motion ;  that  it  turns  always  the  same  till  its  enlightened  crescent  again  begins  to  ap- 
side  to  the  earth,  and,  consequently,  it  moves  pear*  We  find  by  the  telescope  that  the  sur- 
round its  axis  in  the  same  time  in  which  it  face  of  Jupiter  is  diversified  with  a  variety  of 
mnves  rousd  the  earth.  These  slight  differ-  belts,  which  frequently  change  their  appear- 
ences  in  the  motions  and  relative  positions  of  ance,  and  sometimes  by  bright  and  dark  spots, 
the  earth  and  moon  are  the  principal  causes  Now  all  the  varieties  on  its  surface,  and  the 
of  all  the  peculiar  aspects  of  the  lunar  firma-  changes  which  may  take  place  in  its  atmo- 
ment  which  we  have  now  described.  And  sphere,  will  be  pretty  distinctly  seen  from  the 
this  consideration  shows  us  how  the  Creator  surface  of  this  satellite ;  and  as  Jupiter  turns 
may,  by  the  sligbest  changes  in  the  positions  round  its  axis-  in  the  space  of  less  than  ten 
and  arrangements  of  the  celestial  orbs,  pro-  hours,  every  hour  will  present  a  new  scene 
diice  an  indefinite  variety  of  scenery  through-  upon  its  sur&ce.  This  expansive  and  varie- 
out  the  universe,  so  that  no  world  or  system  gated  surface  of  Jupiter,  its  diurnal  rotation, 
of  worlds  shall  present  the  same  scenery  and  and  its  rapid  change  of  phases,  will  therefore 
phenomena  as  another.  And  so  fiur  as  our  form  a  most  wonderful  and  interesting  spec- 
knowledge  and  observation  extends,  this  ap-  tacle  to  the  inhabitants  of  this  satellite, 
pe-irs  to  be  one  of  the  grand  principles  of  the  The  three  other  satellites  will  likewise  in- 
Divine  arrangements  Uiroughout  the  system  crease  the  variety  and  the  lustre  of  its  firma- 
of  Creation,  which  will  be  still  more  apparent  ment  The  second  satellite,  in  its  course  round 
from  the  sketches  I  am  now  about  to  give  of  Jupiter,  will  fiequently  come  within  160,000 
the  phenomena  presented  firom  the  surfiices  of  miles  of  the  first,  which  is  its  nearest  ap- 
the  satellites  connected  with  the  other  planets,  proach  to  it;  at  which  time  the  satellite  will 

TAk  Scenery  of  the  Heacene  from  the  So-  appear  with  a  face  nearly  three  times  as  large 
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u  our  moon.    At  otber  timM  it  will  be  680,-  tbout  SO  timea  the  appucnt  Bze  of  the  fiiu 

000  mjleg  distant,  and  will  appear  man  than  moon.    But  each  nleilite  will  have  certafai 

■txleen  limea  nnallcr  Ihan  in  the  tbnaer  poei-  other  phenomena  peculiar  to  iitelf,  nhich  it 

tion.     At  the  timo  when  Jupilar  prennta  its  wauM  be  too  tedioni  In  deacnhe.     To  all  of 

dark  hemliphere  to  the  finl  nteltitf.  if  the  them  the  occultationa  of  the  other  ntelliln 

■econd  eatelUte  be  then  at  ita  nearest  diitance,  by  the  body  of  Jupiter  j  their  echpaes  b;  fait 

oi  in  oppoffllion  to  the  nin,  it  will  ihine  with  ing  intti   ita   ahadow  ;    the>  Tsiletira   on    lis 

a  Aill  enlightened  hemlaphere  upon  the  first  lurface,  caiiaed   by  ila  dinrnal  n»ation ;  the 

a^tlite.     At  other   tiniea   it  will   aaanme  a  ihadows  of  the  aatellitcs   paaaing   like  dark 

half  moon,  a  creacent,  or  a  gibboas  pbaw  ;  apota  acroa*  ita  tliak ;  the  traonta  of  the  aalel- 

and  these  phaaea  will  not  onlj  be  rapidly  litea  ihemsGlnco,  like  fiill  moona  croanng  the 

changing,  but  the  apparent  magnitude  of  the  orb  of  Jupiter ;  the  diversified  phenomena  of 

aalellite  will  likewiae  be  rapidly  incTvonng  or  eclipse^  some  of  (hem  happening  when  the 

diminishing.     While  at  one  period   it  ahinea  aalellite  ia  like  a  ereMent  or  half  noon,  and 

with  a  large  and  fiiU-enbghlened  face,  in  the  some  of  them  when  it  appeara  as  a  full  eit- 

courae  of  two  or  three  of  our  daya  it  nill  lightened  hemisphere,  and  larioua  other  oi- 

appesT  aa  a  slender  crescent,  and  more  (han  cnmatances,  will  alTonl  on   indefinite  vaiie^ 

twelve  or  «x(een  times  leas  in  apparent  dia-  of  celestial  phenomena  \  and  acarcely  a  single 

meter   than  before.    The   third  and  fourth  day  will  pass  in  which  some  of  these  pbeno- 

salcllites  will  exhibit  plienomena  somewhat  mena  are  not  obscrTrd.     The  length  of  the 

nmilar;  but  aa  their  diatance  ia  greater  than  day  is  diflerent  in  each  aalellite.     In  the  firal 

that  of  the  second,  their  apparent  magnitudes  satellite,  the  length  of  (be  day  and  night  is 

will   be   amaller,  and   the    cbangea   of  their  4S  houra  37  minutea;  in  Uie  second,  3  days, 

phasPS  will   be   len    frequent,  in  proportion  13  hours ;  in  the  third,  7  (lays,  3^  hours  i  and 

to   tho  alowness  of  their  motions   and    the  in Ibe  fourth,  16  days,  ISJ  hours,    The  staii; 

length   of  the   periods  of  tbeir   revolutioni.  heaverui  will  therefore  appear  to  make  «  rero- 

Tbe  eclipsea  of  the  son,  which  so  fiequentty  tution  round  each  aalellite  in  these  respertire 

happrn  lo  the  first  satellite  from  the  inter-  limes.     The  other  antellitea  will   also  appear 

position    of  the    body  of  Jupiter,    will    form  to  make  a  diurnal  revohition,  but  in  periods 

very  inteieiting  and  impressive  phenomena,  of  dme  somewhat  diflerent.     The  variety  of 

Every  forty-two  houra  this  satellite  su9eis  a  motions,  and  other  phenomena  to  whicJi  we 

•olsr  echpse  for  the  space  of  more  than  two  i>Bve  now  alluded,  and  particulaity  the  rola- 

hours;  and   it  is  highly  probable  that  it  ia  tion  of  Jujnler  and  the  variation  of  its  phases, 

chiefly  at  aueh'  tiniea  that  the  starry  firmament  will  a^ord  various  accurate  measurea  rjX  time 

appears  in  all  its  aplendoar,  and  aftbnia  its  in-  to  all   the   satellites.     The  following  figuni 

babitinta  an  opportunity  of  tracing  the  mo-  contains  a  rude  of  sketch  of  a  portion  of  the 

liona  and  contemplating  the  phenomena  of  firmament  aa  it  will  appear  ftom  one  of  lbs 

the  distant  bodies  of  the  universe ;  for  at  other  aatellilet  of  Jupiter, 

times  the  Maze  of  reflected  lighl  from  the  Y\a  111 
body  of  Jupiter  and  from  the  other  satellites 
will,  in  all  probability,  prevent  the  greater 
part  of  the  fixed  stars  fiiim  being  distinctly 
perceived;  so  that  these  eclipses,  inilead  of 
being  an  evil  or  a  canee  of  annoyance  to  the 
inhabitants,  will  increase  their  enjoy  tnent^ will 
add  to  the  variety  of  their  celestial  sceneTj, 
and  open  to  them  prospects  of  the  grandeur 
of  the  starry  firmament  and  the  distant  re- 
gions of  creation. 

What  has  been  now  stated  in  reference  to 
the  first  satellite  may  also  bo  applied  in  gene- 
rat  to  the  other  three  sateUites,  with  this  dif^ 
ference,  that  Jupiter  will  appear  of  a  diflerent 
apparent  magnitude  from  each  satellite ;  and 
the  motLOns,  magnitudes,  and  aspeets  of  the 
other  satellites  will  likeviisa  be  somewhat  dif- 
ferent.   In  each  satellite  the  great  globe  of  In  this  figure,  snppoae  the  larger  circle  at 
Jupiter,  suspended  motionlem  in  the  sky,  will  the  top  lo  represent  one  of  the  natellitea  ai 
t»  the  most  conspicuous  object  in  the  bea-  seen  in  the  firmament  of  the  fourth  aatellite, 
Tone.     To  the  ttamd  satellite  this  globe  will  and  suppose  it  appears  with  a  aurface  tivica 
appear  about  470  times  larger  than  our  moon ;  the  size  of  our  moon  ;  Jupiter  wonld  require 
(0  the  third  ISO  times;  and  lo  the  fourth  to  be  double  the  aiie  here  repcesenled.  and 
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fflore  than  fifteen  tiiiin  larger  to  represent  its  large  arch  of  light  in  the  heavens  on  each  side 
eomparative  size  as  viewed  from  the  jf^rf/satel-  of  the  planet,  above  which  will  appear  half 
ite.  The  larger  circle  represents  Jupiter  when  the  hemisphere  of  Saturn.  If  the  satellite  turn 
exhibiting  a  gibltoiis  phase  to  tl^  satellite ;  the  round  its  axis  in  the  same  time  ui  which  it 
three  other  figures  are  the  other  satellites  under  revolves  round  the  planet,  as  is  probable, 
difierent  phases.  Saturn  and  its  rings  will  appear  stationary  in 
Celestial  Soerury  of  the  SatelUtes  of  Sa-  the  heavens,  and  the  planet  will  present  to 
turn.^T-'Vrhat  has  been  stated  above  in  relation  the  inhabitants  of  the  satellite  a  variety  of 
lo  Jupifeer^s  satellites  will  apply,  in  part,  to  phases,  such  as  a  half  moon  and  a  crescent, 
those  of  Saturn*    But  the  satellites  of  this  besides  the  variety  of  objects  which  will  ap- 
planet  have  likewise  celestial  scenery  peailiar  pear  on  the  surfiic^  of  Saturn  during  its  rota- 
to  ihemseites,  and  the  scenes  presented  to  one  tion  on  its  axis.    The  rings  will  likewise 
■steUite  are,  in  some  respects,  different  from  appear  to  vary  their  aspect  during  every  revo- 
thoee  presented  to  all  the  rest    Ono  of  the  lution,  besides  the  variety  of  objects  they  will 
moit  singular  phenomena  in  their  firmament  present  during  their  rotation.    At  one  time 
is  the  diversified  appearance  of  the  body  of  they  will  exhibit  large  and  broad  luminous 
Saturn  and  that  of  its  rings,  which  will  be  arches ;  at  another  time  they  will  appear  as 
beheld  in  their  sky  under  a  great  variety  of  narrow  streaks  of  light;  and  at  another  they 
aspects.    To  describe  all  the  variety  of  phe-  will  appear  like  dark  belts  across  the  disk  of 
Domena  peculiar  to  each  satellite  connected  Saturn.    And  as  this  satellite  moves  round 
with  Saturn  would  almost  require  a  separate  the  planet  in  the  couise  of  twenty^two  and  a 
treatise,  and  therefore  I  shall  state  only  two  half  hours,  these  appearances  will  be  changmg 
or  three  prominent  fiu^  in  relation  to  ihe  first  almost  every  hour.    The  appearances  of  the 
and  teventk,  or  the  innermost  and  outermost  six  other  satellites,  continually  varying  their 
siteliitcB.  The  first  satellite,  being  only  80,000  phases,  their  apparent  magnitudes,  and  their 
miles  distant  from  the  surface  of  Saturn,  and  relative  aspects ;  their  positions  in  respect  to 
only  18,000  miles  firom  the  outer  edge  of  the  the  body  of  Saturn  and  its  rings ;  their  occul- 
rings,  the  globe  of  Saturn  and  its  stupendous  tations  by  the  interposition  both  of  the  rings 
rings  most  present  a  veiy  august  and  striking  and  the  planet,  and  the  eclipses  to  which  they 
•ppeatance  in  its  nocturnal  firmament    The  are  frequently  subjected,  will  produce  a  diver- 
hemisphere  of  Saturn  contains  an  area  more  sity  of  phenomena  and  a  grandeur  unexam- 
than  1300  times  larger  than  that  of  our  moon ;  pled  in  the  case  of  any  other  moving  bodies  in 
coosequently,  if  the  firat  satellite  were  placed  our  system.    The  second  satellite,  when  in 
at  the  seme  distance  from  Saturn  as  our  moon,  opposition,  or  at  its  nearest  position  to  the 
the  snr&ce  of  that  planet  would  appear,  from  first,  will  be  only  thirty  thousand  miles  dis- 
the  satellite,  1300  times  larger  than  the  moon  tant;  and  although  its  real  size  is  not  greater 
does  to  us.     But  the  satellite  is  only  120,000  than  our  moon,  it  will  present  a  sur&ce  sixty- 
■dies  from  the  centre  of  Saturn,  or  half  the  four  times  larger  than  the  full  moon  does  in 
diitance  of  the  moon  from  the  centre  of  the  our  sky.    It  will  appear  in  all  the  phases  of 
earth ;  therefore  Saturn  will  appear  four  times  the  moon  in  the  course  of  less  than  thirty-six 
larger,  or  5200  times  greater,  as  seen  from  hours,  and  will  be  continually  changing  its 
this  satellite,  than  the  moon  when  viewed  firom  apparent  magnitude,  on  account  of  its  re- 
the  earth.  The  moon  occupies  only  the  1-90,-  moving  further  from  or  nearer  to  the  first 
000  part  of  our  celestial  hemisphere,  but  the  satellite.    Tlie    third    satellite*   will   appear 
gkbe  of  Saturn  will  fill  the  one  seventeenth  nearly  half  as  large,  as  it  is  only  seventy  thou- 
part  of  the  visible  firmament  of  its  first  satel-  sand  miles  distant  at  its  nearest  approach ;  and 
ute ;  and  if  we  take  the  extent  of  the  rings  will  present  nearly  the  same  varieties  as  the 
into  account,  they  will  occupy  a  space  two  or  other.    All  the  other  satellites  will  appear 
three  times  greater;  so  that  the  planet  and  its  smaller  in  proportion  to  their  distance  from 
rings  will  present  a  most  grand  and  magnifi-  the  orbit  of  the  first;  but  they  will  all  appear 
cent  object  in  the  canopy  of  heaven,  of  which  much  larger  than  our  moon,  except  the  seventh, 
we  can  form  only  a  very  faint  conception.    It  or  outermost  satellite,  which  will  appear  con- 
is  not  likely  that  more  than  one  half  of  the  siderably  smaller.    Perhaps  the  sixth  satellite 
globe  of  Saturn  will  be  visible  firom  ibis  satel-  firom  Saturn  will  not  appear  larger  than  our 
lite  on  account  of  the  interposition  of  the  rings ;  moon. 

and  as  it  moves  in  an  orbit  which  is  nearly  The  seventh  or  outermost  satellite,  whidi 

pstallel  with,  the  plane  &f  the  rings,  the  sur-  is  reckoned  among  the  largest,  will  have  a 

hem  of  these  rings  will  be  seen  in  a  very  scenery  in  its  sky  somewhat  difiereut  from 

obHque  diredion  ;  but  still  they  will  exhibit  a  that  of  the  first    As  its  orbit  is  materially 

^ery  resplendent  appearance.  When  the  edge  inclined  to  the  rings,  its  inhabitants  will  have 

of  the  exterior  ring  is  opposite  to  the  satelUte,  »  Here  the  iatelHtei  are  dlstlngaished  ueeording 

and  enlightened  by  the  sun,  it  wiU  present  a  |«  tJke  ord»r  ef  tA§ir  disimues  frvm  8a<«rK. 


IJ3 


CELESTIAL  SCENERY. 


a  more  ample  proepecl  of  thege  ring*  and  of 
t^ic  hoiij  of  Saturn  Ihan  gevenl  of  Ihe  otber 
■atcllitcs,  nlthougb  Iheae  objects  ore  beheld  at 
a  greater  distance,  and,  conaequently,  ivtll  not 
fill  90  \txge  a  portion  of  it«  iky.  Their  ap- 
pearance, however,  wiQ  not  be  doitilute  of 
(picndour ;  for  Ihia  aatellita  is  400  timei  nearer 
Saturn  than  wo  are,  and  the  body  of  thii 
planet  nill  appear  sixteen  timet  l^^er  than 
the  moon  to  uh,  and  iU  rings  will  oceopy  a 
apaco  propoctionably  luare  cipanaive.  The 
phasoe  of  Salum  aiul  its  ringa,  and  the  Tarioua 
chanttee  o(  aspect  which  they  aasume,  will  ba 
more  distinctt  j  perceptible,  though  on  a  smallBr 
scale,  than  from  some  of  the  interior  satellitea ; 
for  the  whole  body  of  the  planet,  us  well  aa 
the  rings,  will  in  moat  easea  appear  full  in 
liew.  Tho  otber  ni  satellitee  will  be  leeD  in 
alt  the  difierent  phaua  and  aspects  aboTo  3o- 
Bcribed,  find  they  will  never  appear  to  rac«de 
to  any  great  distance  froiu  the  body  of  Saturn ; 
but  will  appear  first  on  one  aide  and  then  on 
another,  and  sotneCimes  either  above  or  below 
the  planet,  a>  Mercury  and  Venus  appear  to 
us  in  respect  to  the  sun,  and,  conaequently, 
(hot  portion  of  the  heavens  in  which  Saturn 
appears  will  present  a  most  splendid  appear- 
and!. In  this  reelect  the  relative  positions 
of  the  Klellitea,  as  seen  from  the  oulennost, 
Avilt  be  different  from  their  aspects  and  poai- 
dons  as  viewed  ftoiu  the  innermost  satellile, 
where  they  will  sometirDes  appear  in  regiona 
of  the  dcy  directly  opposite  to  Saturn.  AU 
the  other  satellites  of  this  planet  will  have 
phenomena  peculiar  to  l/uiruelaea  in  their 
respective  finoaments,  and  in  all  of  them 
th^  phenomena  will  be  eihilnted  on  a  scalo 
of  grandeur  and  magnificence.  But  to  enter 
into  details  in  reference  to  each  satellite  might 
__.....■       lo  the  genera!  readc 


soma  faint  idea  of  the  grandeDT  of  the  finn*. 
ment  as  seen  from  aome  of  ifae  aatetliles  of 

No  delinaftions,  sicepl  on  a  very  large 
scale,  could  convey  any  tolerable  idea  of  the 
objecla  now  described.    Fig.  IIS  exhibits  a 

Fig.Il>. 


Let  us,  then,  a 


which 


mdfl  idea  of  the  firmament  as  viewed  bnoi  tttit 
first  or  ancond  satellile  of  Satam  ;  but  the  body 
of  Saturn  and  the  ring  should  be  a^t  or  tm 
limes  larger  in  proportim  to  the  size  of  the 
moons  or  satellites  here  represented.  As  tba 
orbits  of  the  inner  satellites  are  nearly  on  the 
same  plane  as  the  rings,  tbey  will  appear  in 
en  oblique  position,  and  it  is  questionable 
whether  the  divisbn  hetiveen  the  ringa  will 
he  diatincUy  visible.  The  oppoate  part  of  the 
ring,  or  that  which  is  most  distant  from  Ihp 
satellite,  mil  appear  smaller  than  ifae  dd« 
which  is  nearest  it;  and  only  one  half  of  Iha 
body  of  Saturn  will  be  seen,  the  other  halt 
being  hidden,  either  in  whole  or  In  part,  by 
tho  ring- 
Fig.  113  represents  Ihe  firmament  of  the 


is  suspended  a  globe  live  thotisand  times  larger 
than  the  apparent  size  of  our  moon;  let  as 
conceive  luminous  ardies,  still  more  expan- 
sive, surrounding  this  globe ;  let  us  conceive 
six  moons  of  difierent  apparent  magnitudes, 
tome  of  them  sixty  times  latter  in  apparent 
size  than  ours;  let  us  contaive,  further,  bD 
these  magnificent  bodies  aometimes  appearing 
in  one  part  of  the  heavens  and  Bomedmes  in 
another,  changing  their  phases  and  apparent 
magnitudes  and  ili»tances  li-om  each  other 
every  hour;  appearing  eomedmea  like  a  large 
crescent,  sometimes  like  a  small,  sometimes 
shining  vnth  a  fiill  enlightened  face,  and 
sometimes  suSering  a  total  eclipse ;  sometimea 
hidden  behind  the  large  body  of  the  planet, 
and  soDietimea  crossing  its  disk  with  a  rapid 
mo^on,  like  a  circular  shadow;  ktua  suppose 
these  atHl  many  other  diversified  phenomena 
pivsenting  diemselves  wilh  unceasing  variety 
in  the  canopy  of  heaven,  and  we  sbsU  have 
(SOO, 


satamta.    AsitsorU  ia 

coniiderably  inclined  to  the  plans  of  the  rii^, 
Ihe  whole  body  of  Ae  planet  will  fiequendy 
be  seen  withm  the  rings,  iriiich  will  appear  aa 
ovals  anrand  it.  The  six  other  salelliles  will 
appear  in  the  vidnily.  of  Saturn  aiul  its  tings. 
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Bone  of  them  €rer  removing  to  any  considera-  parent  balk  of  our  moon  to  one  850  times 

Ur  distance  from  the  edge  of  the  rings,  and  greater.    The  same  may  be  aflormed  in  re- 

nme  of  them  may  occasionally  be  seen  moving  spect  to  the  other  six  satellites,  with  this  ex- 

in  the  open  space  between  the  planet  and  the  ception,  .that  they  will  appear  of  a  smaller 

rings.    In  this  figure  Saturn  and  the  rings  magnitude,  and  the  periodic  times  of  their 

ihoald  be  connderably  larger  in  proportion  to  phases  and  the  changes  in  apparent  magnitude 

the  moons  than  they  are  here  represented.  will  be  different 

Celestial  Seenen/ 08  vieu}ed  from  the 'RiJisn  Another  object  which  will  diversify  tlie 
cf  Saturn, — Supposing  the  rings  to  be  in-  firmament  of  those  who  are  on  one  of  the 
habited,  which  there  is  as  much  reason  to  be-  sides  of  the  rings  is  the  opposite  portions  of 
Ueve  that  the  planet  itself  is  a  habitable  globe,  the  rings  themselves.  These  will  appear  pro- 
it  is  probable  that  there  is  a  greater  diversity  ceeding  from  each  side  of  the  planet  like  large 
of  celesda]  scenery  and  of  sublime  objects  pre-  broad  arches  of  light,  each  of  them  somewhat 
aented  to  view  thui  any  we  have  yet  described,  less  than  a  quadrant,  and  will  fill  a  very  large 
There  will  be  at  least  six  varieties  of  celestial  portion  of  the  sky,  so  that  the  inhabitants  of 
eoenery,  acootding  as  the  spectator  is  placed  the  same  world  will  behold  a  portion  of  their 
on  different  parts  of  the  rings.  One  variety  of  own  habitation  forming  a  conspicuous  part  of 
aoene  will  be  exhibited  from  the  exterior  edge  their  celestial  canopy,  and,  at  first  view,  may 
c^  the  ooter  ring ;  a  second  variety  from  the  imagine  that  it  forms  a  celestial  object  with 
tn/emredgeof  the  inner  ring;  a  third  varie^  which  they  have  no  immediate  connexion. 
fit>m  the  interior  edge  of  the  outer  ring ;  a  Were  they  to  travel  to  the  opposite  part  of 
Iburth  firom  the  exterior  edge  of  the  inner  ring ;  the  ring,  they  would  see  the  habitation  they 
a  fifth  from  the  sides  of  the  rings  enlightened  had  leA  suspended  in  the  firmament,  without 
by  the  s«n ;  and  a  sixth  variety  firom  the  op-  being  aware  that  the  spot  which  they  left 
poaite  fides,  which  are  turned  away  from  the  forms  a  portion  of  the  phenomenon  they  bf$- 
snn,  and  enjoy,  for  a  time,  only  the  reflected  hold.  As  the  rings  revolve  round  the  planet, 
light  from  the  satellites.  To  describe  all  these  and  the  planet  revolves  round  its  axis,  ihe  dif- 
▼arieties  in  a  minute  detail  would  be  tedious,  ferent  parts  of  the  surface  of  the  planet  will 
and  at  the  same  time  wisatisfactory,  without  present  a  different  aspect,  and .  its  variety  of 
the  aid  of  diagrams  and  figures  on  a  very  en-  scenery  will  suc^-essively  be  presented  to  Ihe 
iargcd  scale,  and  therefore  I  shall  chiefly  con-  view.  The  eclipses  of  the  sun  and  of  the  satel- 
fine  myseff  to  a  general  description  of  one  of  lites,  by  the  interposition  of  the  body  of  Saturn 
these  celestial  views.  and  of  the  opposite  sides  of  the  rings,  will 

Those  who  live  on  the  sides  of  the  rings  produce  a  variety  of  striking  phenomena, 

will  behold  the  one  half  of  the  hemisphere  of  which  will  be  diversified  almost  every  hour. 

Satom,  whidi  will  fill,  perhaps,  the  one  fifth  From  the  dark  side  of  the  rings,  which  are 

or  the  one  sixth  part  oif  their  celestial  hcmi-  turned  away  from  the  sun  for  fifteen  years,  a 

qthere,  while  the  other  portions  of  the  planet  great  variety  of  interesting  phenomena  will 

will  be  hidden  by  the  interposition  of  the  rings,  likewise  be  presented ;  and,  during  this  period, 

Those  who  are  near  the  inner  edge  of  the  in-  the  aspect  of  the  firmament  will  in  all  proba- 

teiior  ring  are  only  thirty  thousand  miles  firom  bility  be  most  vivid  and  striking.    This  por- 

the  sarface  of  Saturn,  and  consequently  all  the  tion  of  the  rings  will  not  be  in  absolute 

varieties  upon  its  sarfiice  will  be  distinctly  per-  darkness  during  the  absence  of  the  sun,  for 

ceived.    Those  near  the  outer  edge  of  the  ex-  some  of  the  seven  satellites  will  always  be 

teri^jr^ing  are  about  sixty  thousand  miles  dis-  shining  upon  it ;  sometimes  three,  sometimes 

tant  from  the  planet,  which  will  consequently  four,  and  sometimes  all  the  seven,  in  one 

appear  to  them  four  times  less  in  size  dian  to  bright  assemblage.    It  is  probable,  too,  that 

the  former ;  but  being  only  eighteen  thousand  the  planet,  like  a  large  slender  crescent,  will 

miles  from  the  first  satellite  at  the  time  of  its  occasionally  diffuse  a  mild  splendour ;  and,  in 

opposition  to  Saturn,  that  satellite  will  present  the  occasional  absence  of  these,  the   fixed 

an  object  more  than  three  hundred  and  fifty  stars  will  display  their  radiance  in  the  heap 

times  larger  than  our  moon,  which  will  rapidly  vens,  which  will  be  the  principal  opportunity 

aarame  dififerent  phases,  and  will  be  continu-  afforded  for  studying  and  contemplating  these 

aDy  varying  in  its  apparent  magnitude ;  and  remote  luminaries.    Those  who  are  on  the 

at  its  greatest  distance  beyond  the  opposke  outermost  ring  will  behold  the  other  ring,  and 

side  of  the  rings  it  will  appear  at  least  1t6  the  opposite  parts  of  their  own,  like  vast 
times  less  than  when  in  the  nearest  point  of  arches  in  the  heavens;  and  although  only 
its  oibit ;  and  all  the  intermediate  varieties  of  2800  miles  intervene  between  the  two  rings, 

magnitude  and  aspect  will  be  accomplished  that  space  may  be  as  impassable  as  is  the 

wiAin  less  than  two  days.    So  that  this  satel-  space  which  intervenes  between  us  and  the 

lite  vrilt  be  continually  changing  its  apparent  moon. 

from  an  object  two  or  three  times  the  ap-  If  the  two  rings  have  a  rotation  round 
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Batum  in  diflerent  periods  of  time,  is  is  most  nugniflcent  abj«^  io  ili  finDUDent,  while  tha 
proluble,  it  irill  idd  &  conndenibLe  Toriely  to  otbei  five  mooiu,  in  different  jihiuei  and  poU' 
the  scenery  eilubited  bj  Ibe  dJSereril  object*  lioni,  will  aerre  both  (o  illuminate  its  nirfiice. 
whicii  will  auccemvelj  appeal  in  the  courae  and  to  divereify  the  scenery  of  the  heafcm. 
of  the  rotation.  To  the  second  sat^le  Uranus  nill  appear 

Tlie  numerous  splendid  object*  displayed  in  about  one  hundred  and  ^glit;  limes  larger 
the  heavens,  as  seen  from  these  rings,  would  than  the  moon  to  us ;  and  to  Ibe  other  satcl- 
•ffonl  a  giuai  and  diTersificd  field  for  tele-  lite*  it  will  present  a  smaller  surface  in  pro- 
Kopie  obsenationB,  surpasnng  in  vaiiety  and  portion  to  their  distance.  Earh  satellite  wilt 
suUiaiily  whatever  is  Splayed  in  ailj  other  have  its  own  peculiarity  of  celestial  pheno- 
mena; bnt  after  vihat  we  have  already  sUlcil 
Fig;  114.  u>  tllo  preceding  deBcriptions,  it  would  be  in- 

eipedienl  to  enter  into  details.  I  shall  there- 
fore conclude  these  desctipliaiu  with  the  fol- 
lowing remarks ; 

I.  In  the  preceding  description*,  the  appa- 
rent   laagniluda   of   Jupiter,   Saturn,    and 
Uranus,  as  seen  from  the  satellilea,  and  the 
apparent  magnitudes  of  the  satelUtes  as  seen 
from  each  other,  are  only  approximations  to 
the  truth,  eo  as  locontey  a  gtnenit  iika  of  Ihe 
scenes  displayed   in   (heir  respective  finna- 
ments ;  perfect  accuracy  being  of  no  import- 
ance in  such  descriptions.     2.  The  variety  ol 
celestial  phenomena  in  the  firmaments  itf  tfaess 
bodies  is  much    gresler  than  we   have    de- 
Scribed.     Were  we  to  enter  into  rninule  de- 
tails in  relation  to  such  phenomena,  it  would 
require  a  volume  of  connderable  size  to  con- 
legtOD  of  the  aolaT  lystem ;  ^whidiaomeof  tain  the  descriptions;   for  in   the  system  ot 
the  objects  nught  be  contemplated  as  if  they    Saturn  itself  there  ia  more  vaiiety  of  pbe- 
were  placed  within  the  dietanco  of  forty  or    uomena   than   in  all  the  other  parts   of  the 
fi^fty  mile*.  planetary  system.    3.   Machinery  would  be 

The  preceding  fignre  (114)  represents  a  requisite  in  order  to  convey  clear  ideas  at 
view  of  the  firmament  from  one  of  the  sides  some  of  the  views  allnded  to  in  the  preceding 
of  the  rings,  in  which  is  seen  half  of  the  descriptions,  particulariy  in  relation  to  the 
hemisphere  of  Saturn,  with  a  portion  of  the  rings  and  satellites  of  Batom,  in  which  tha 
opposite  sides  of  the  ring*  projecting,  ss  it  proportional  distance*  and  magniludea  of  the 
were,  from  each  side  of  the  planet,  the  central  respective  bodies  would  require  to  be  acf  it- 
part  being  hidden  by  the  interposition  of  its  ralely  repreaented.  An  instrument  of  con- 
body.  From  the  inner  edge  of  the  Interior  nderahle  size  and  complication  of  machinery 
ring  the  whole  hemisphere  of  Saturn  will  be  would  be  requisite  for  exhibiting  all  the  pbe- 
viaible.  Tbe  body  of  Saturn  and  the  ring*  nomena  connected  with  Salum ;  and  one  of 
should  be  at  least  twenty  times  larger  than  the  principal  dilliculCieB  would  be  to  produce 
here  represented,  *o  as  to  be  proportionate  to  a  diurnal  rotation  of  Uie  rings  round  tfatum, 
the  apparent  siie  of  the  satellites.  while  at  the  same  time  Iheyhsdno  immediate 

Ctlalial  Scenery  Jrom  the  SaleiUlet  of  conneiion  wild  it,  and  while  their  Ihiehiaa 
(froniH. — After  wl^  we  have  slated  respect-  was  no  greater  in  proportion  to  their  breadth 
ing  the  ■aCellites  of  Jupiter,  it  would  be  need-  than  what  is  found  !□  nature,  which  is  only 
lea  to  enter  into  detail  respecting  the  celeetial  about  the  one  three  hundredth  part  of  the 
views  from  tha  satellites  oF  this  planet,  as  they  breadth  of  the  two  rings,  including  Ibe  etcpty 
will  bear  a  striking  analogy  to  those  of  the  space  between  them.  4.  Tho  diversity  of 
moons  of  Jupiter ;  but  the  firmament  of  each  celeati"'  ^.'enery  to  which  we  have  alluded  is 
satellite  of  Uranns  grill  be  more  diversified  than  an  evidence  of  the  v\finite  variety  which  ei- 
that  of  any  of  the  satellites  of  Jupiter,  as  there  iffts  throughout  the  universe,  and  iihows  us  by 
■re  sii  satellites  connectod  with  this  planet,  what  apparently  simple  means  this  variety  is 
and  probably  three  or  four  more  which  lie  produced.  We  are  thus  led  to  conclude,  that 
beyond  the  reach  of  our  telescopes.  From  its  among  all  the  systems  and  worlds  dispersed 
first  satellite  the  body  of  UrsnuE  will  appear  throughout  boundless  space,  there  is  no  one 
nearly  tiuve  hundred  times  larger  than  the  department  of  creation  exactly  reaembliitg 
apparent  size  of  the  moon  io  our  sky.  and,  another.  This  is  likewise  oiempliGed  in  the 
consequantly,  will  appear  a  very  grand  anil  boundless  variety  exhibited  in  our  world,  tit 
(60S) 


VAST  EXTENT  OF  THE  SOLAR  WORLD&  Id 

the  uiimal,  vegetable,  and  mineral  kingdoms,  tention  and  contemplation,  and  will  appear 

5,  Tiie  alteroationa  of  light  and  darkness,  and  more  interesting  and  magnificent  than  any 

the  frequent  eclipeea  of  the  celestial  lumina-  phenomena    connected    with    more    distant 

he»  which  happen  among  the  bodies  connected  worlds.     7.  On  all  the  SAtellites,  and  partieu- 

with  Jupiter,  Satnzn,  and  Uranus,  so  far  from  larly  on  the  rings  of  Satarn,  it  will  be  more 

being  inconveniences  and  evils,  may  be  con-  difficult  to  ascertain  the  true  system  of  the 

ndered  as  blessings  and  enjoyments ;  for  it  is  universe  than  in  any  other  point  of  the  solar 

only  or  chiefly  when  their  inhabitants  are  de-  system.    I  have  already  alluded  to  the  difTi- 

prived  of  the  direct  light  of  the  sun,  or  its  re*  culty  of  determining  the  true  system  of  the 

flection  from  the  satellites,  that  the  starry  world  as  observed  from  the  moon :  but  it  will 

heavens  will  appear  in  all  their  glory ;  and  as  be  still  more  difficult  in  the  case  of  observers 

the  interval  in  which  they  are  thus  deprived  placed  on  the  rings  or  satellites  of  Saturn. 

«f  light  is  short,  and  as  it  adds  to  the  variety  The  numerous  bodies  which  are  seen  every 
of  the  celestial  scene,  it  must  be  productive  of  hour  shifting  their  aspects  and  positions,  the 

pleasure  and  enjoyment    6.  The  same  pla-  apparent  complication  of  motions  which  they 

nets  will  be  seen  in  the  firmaments  of  the  will  exhibit,  their  phases,  eclipses,  and  rapid 

satellites  as  in  those  of  their  primaries ;  but  diminution  of  apparent  size,  combined  with 

they  will  be  seldom  visible  on  account  of  the  the  apparent  diurnal  revolution  of  the  heavens 

larc^e  portion  of  reflected  light  which  will  be  and  of  all  the  bodies  in  their  firmament,  will 

difiused  throughout  their  sky,  except  in  those  require  numerous  and  accurate  observations, 

cases  when  their  nocturnal  luminaries  sufifer  and  powera  of  intellect  superior  to  those  of 

an  occultation  or  a  total  eclipse.     The  bodies  man,  ui  order  to  determine  with  precision 

more  immediately  connected  with  their  own  their  place  in  the  solar  system  and  the  true 

system  will  form  Uie  chief  objects  of  their  at<  theory  of  the  universe. 
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CHAPTER  IX. 

On  the  Doctrine  cf  a  plurality  of  Worlds,  with  an  Illustration  of  tome  of  the 

Argumenlaoy  which  it  may  be  suppor^d. 

In  the  preceding  descriptions  of  the  facts  described.    This  is  rendered  almost  indispen- 

connected  with  the  bodies  which  compose  the  sable  on  account  of  the  size  to  which  the 

planetary  system,  and  of  the  celestial  scenery  present  volume  has  already  swelled, 
displayed  in   th^ir  respective  firmaments,  I 

have  assumed  the  position  that  they  are  all  —..... 
peopled  with  intellectual  beings.     This  is  a 

conclusion  to  which  the  mind  is  almost  ncces-  Sxctiok  I. 
sarily  led,  when  once  it  admits  the  fiicts  which 

have  been  ascertained  by  modem  astronomers.  The  first  argument  I  shall  adduce  in  sup- 
It  requires,  however,  a  minute  knowledge  of  port  of  the  doctrine  of  a  plurality  of  worlds  is, 
the  whole  scenery  and  circumstances  con-  that  there  are  bodies  in  the  planetary  system 
nectcd  with  the  pUnetaiy  system  before  this  of  such  ujlovttvd^b  as  to  afford  ample  scope 
truth  comes  home  to  the  understanding  with  fir  the  abodes  of  myriads  of  inhabitants. 
full  conviction.  As  in  the  preceding  pages  I  This  position  has  been  amply  illustrated  in 
have  stated,  with  some  degree  of  n  inuteness,  the  preceding  parts  of  this  volume,  partieu- 
the  prominent  &ct8  connected  with  all  the  lariy  in  chapter  iii  From  the  statements 
bodies  of  the  solar  system  (except  comets,)  contained  in  chapter  vi,  it  appears  that  the 
so  £ir  as  they  are  yet  known,  the  way  is  now  whole  planetary  bodies,  exclusive  of  jthe  sun, 
prepared  for  bringing  forward  a  few  arguments  comprehend  an  area  of  more  than  seventy^ 
founded  on  these  facts,  which  will  require  less  eiglU  thousand  millions  of  square  mile.% 
extensive  illustrations  than  if  I  had  attempted  which  is  three  hundred  and  ninety-seven 
to  dtitcuss  this  topic  without  the  previous  de-  times  the  area  of  our  globe ;  so  that  the  sur- 
•criptions.  It  may  be  proper,  however,  to  fiices  of  all  the  planets  and  their  satellites  are 
state,  that  in  this  volume  I  propose  to  bring  equal,  in  point  of  space,  to  397  worlds  such 
forward  only  a  few  of  those  arguments  or  con-  as  oursi  But  as  the  greater  part  of  our  globe 
sideratioRs  by  which  the  position  announced  is  covered  with  water,  and,  consequently,  is 
above  may  be  corroborated  and  supported,  unfit  for  the  permanent  residence  of  rational 
leaving  the  discussion  of  the  remaining  argu-  beings,  and  as  we  have  no  reason  to  .believe 
inents  to  another  volume,  in  which  the  other  that  the  other  planetv  have  such  a  pro]jortion 
portions  of  the  scenery  of  the  heavens  will  be  of  water  on  their  surface,  if  we  compare  the 
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habitable  parts  of  the  earth  with  the  extent  nine  parts ;  for  the  area  of  the  earth,  as  abov* 
of  surface  on  the  planets,  we  shall  find  that  stated,  is  only  about  the  one  four  hundredth 
they  contain  one  thousand  Jive  hundred  and  part  of  the  area  of  all  the  other  planets.  Such 
ninety-five  times  the  area  of  all  that  portion  a  conclusion  can  never  be  admitted  in  consis- 
of  our  globe  which  can  be  inhabited  by  human  tency  with  those  perfections  which  both  nato- 
beings.  If  we  take  into  consideration  the  nd  and  revealed  religion  attribute  to  the  Deity. 
BoUd  contents  of  these  globes,  we  find  that  If  matter  was  not  created  merely  lor  itself,  but 
they  are  more  than  two  thousand  four  hun-  for  the  enjoyment  of  a  superior  nature,  then 
dred  and  eighty  times  the  bulk  of  our  globe ;  it  necessarily  follows,  that  wherever  matter 
and  the  number  of  inhabitants  they  would  exists^  that  nobler  ntUurtt  whether  sensitive 
contain,  at  the  rate  of  England's  population,  or  intellectual,  for  whose  sake  it  was  created, 
is.no  less  than  21,895,000,000,000,  or  nearly  must  likewise  exist  throughout  some  portions 
twenty'two  billions,  which  is  more  than  of  its  extent  To  replenish  one  comparatively 
twenty-seven  thousand  times  the  present  po-  little  globe  with  sensitive  and  rational  inhabit* 
pulation  of  our  globe.  In  other  words,  the  ants,  and  to  leave  several  hundreds  empty, 
extent  of  surface  on  all  the  planets,  their  rings  desolate,  and  useless,  is  the  perfect  reverse  cf 
and  satellites,  in  respect  of  space  jfor  popula-  art  and  contrivance,  and  altogether  incompati- 
tion,  is  equivalent  to  27,000  worlds  such  as  ble  with  the  conceptions  we  ought  to  form  of 
oure  in  its  present  state.  Him  who  is  **  the  only  wise  God,"  and  who 

Now,  can  we  for  a  moment  imagine  that  is  declared  to  have  displayed  himself,  in  all 
the  vast  extent  of  surface  on  such  magnificent  his  operations,  as  **  wonderful  in  counsel  and 
globes  is  a  scene  of  barrenness  and  desolation ;  excellent  in  working.*' 
where  eternal  silence  and  solitude  have  pre-  In  accordance  with  this  sentiment,  wo  find 
▼ailed,  and  will  for  ever  prevail ;  where  no  the  inspired  writers,  when  speaking  in  the 
sound  is  heard  throughout  all  their  expansive  name  of  Jehovah,  admitting  the  validity  of 
regions ;  where  nothing  appears  but  intermi-  such  reasoning.  **  Tbus  saith  Jehovah  diat 
naUe  desarts,  diversified  with  frightful  preci-  created  the  heavens ;  God  himself  that  formed 
pices  and  gloomy  caverns ;  where  no  vegetable  the  earth  and  made  it:  he  hath  establiished  it; 
or  mineral  beauties  adorn  the  landscape ;  where  hb  crsatsd  it  tsot  ixyaiit;  hb  forxkd 
no  trace  of  rational  intelligences  is  to  be  found  it  to  bk  inhabitbd.  I  am  Jehovah,  and 
throughout  all  their  wastes  and  wilds;  and  there  is  none  else.''*  Here*it  is  plainly  and 
where  no  thanksgivings,  nor  melody,  nor  grate-  pointedly  declared,  that  to  create  the  earth 
fill  adorations  ascend  to  the  Ruler  of  the  skies  ?  without  the  design  of  its  being  inhabited  would 
To  suppose  that  such  is  the  state  of  these  ca-  have  been  a  piece  of  folly  inconsistent  with 
pacious  globes  would  exhibit  a  most  gloomy  the  perfecUons  of  Him  whose  intelligence  and 
and  distorted  view  of  the  character  and  attri-  wisdom  are  displayed  throughout  all  his  works 
butes  of  the  Creator.  It  would  represent  him  To  have  left  it  empty  and  useless  would  have 
OS  exerting  his  creating  power  to  no  purpose ;  been  '*  to  create  it  in  vain.**  It  would  neither 
and  as  acting  in  a  difierent,  and  even  in  an  have  contributed  to  the  enjoyment  of  intellec- 
.  opposite  character,  in  different  parts  of  his  tual  beings,  nor  served  as  a  manifestation  of 
dominions ;  as  displaying  wisdom  in  one  part  the  intelligence,  wisdom,  and  beneficence  of 
of  his  creation,  and  an  opposite  attribute  in  its  Creator.  This  passage  likewise  intimates 
another.  For,  so  &r  as  we  are  able  to  pene-  that  it  is  the  ultimate  design  of  Jehovah  tha 
trate,  it  appears  demonstrable  that  matter  exists  this  world  shall,  ere  long,  be  fully  peopled 
chiefly,  if  not  solely,  for  the  sake  of  sensitive  with  inhabitants,  and  that  its  forests  and  deso- 
and  intellectual  beings ;  either  to  serve  the  late  wastes  shall,  in  future  ages,  be  transformed 
purpose  of  gratifying  the  senses,  or  of  afiford-  into  scenes  of  beauty  and  fertility,  fitted  for 
ing  a  medium  of  thought  to  the  mental  faculty,  being  the  abodes  of  renovated  moral  agents  at 
or  of  exhibiting  to  the  mind  a  sensible  display  that  period  when  "  the  knowledge  of  the  Lord 
of  the  existence  and  perfections  of  the  supreme  shall  cover  the  earth ;"  and  this  extension  of 
Intelligence.  And  if  it  serve  such  purposes  population  and  of  cultivation  is  evidently  going 
in  this  part  of  the  creation  whieh  we  occupy,  forward  with  rapid  progress  at  the  present 
reason  says  that  it  must  serve  similar  purposes  time  in  different  quarters  of  the  globe.  In 
in  other  regions  of  the  universe.  How  incon-  connexion  with  this  declaration  respecting  the 
gruous  would  it  be  to  maintain  that  matter  earth,  it  is  also  declared,  that  the  same  AI- 
serves  such  purposes  in  our  terrestrial  sphere,  mighty  Being  that  arranged  the  earth  for  the 
and  nowhere  else  throughout  the  range  of  the  purpose  of  replenishing  it  with  inhabitants, 
planetary  system  1  In  other  words,  that  it  is  likewise  ^created  the  heavens g^*  plainly  Jnti* 
useful  to  sensitive  existences  within  the  com*  mating,  that  as  both  the  febrics  were  erected 
pass  of  the  one  four  hundredth  part  of  that  by  the  same  all-wise  and  omnipotent  intelli- 
■ystem,  but  serves  no  useful  or  rational  pur-  gence,  the  same  wisdom  is  displayed  in  both« 
pose  in  the  other  three  hundred  and  ninety-  *  batata  zlv  18 
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■ad  thai  the  same  grand  and  beneficent  deaignB  wnsitiTe  or  rational  beings  to  enjoy  tbe  effects 
are  aoconq^lidied  in  the  globes  which  roll  in  of  it.  It  ia,  therefore,  a  mere  evasion  to  assert 
the  heavens  as  well  as  in  the  constitation  of  that  the  Divine  gUnry  may  be  manifested  in 
the  earth  in  which  we  dwell.  If  the  one  was  the  celestial  globes,  although  destitute  of  in- 
created  for  use,  for  the  enjoyment  of  rational  habitants.  Every  part  of  the  character  of  God. 
natures,  and  as  a  theatre  on  which  the  Divine  by  which  he  is  rendered  amiable  and  adorable 
perfection  might  be  displayed,  so  was  the  in  the  eyes  of  his  intelligent  ofibpring,  vi'ould 
other.  It  is  added,  "  I  am  Jehovah,  and  there  be  obscured  and  distorted  were  wo  for  a  mo* 
is  none  else ;''  implying  that  there  is  a  unify  ment  to  harbour  sach  a  sentiment.  Foi 
of  principle,  dengn,  and  operation,  in  all  his  wherein  does  the  Divine  gloiy  consist  1  It 
plans  and  arrangements  throughout  the  uni-  chiefly  consists  in  the  display  of  infinite  wit- 
▼erae,  however  different  in  the  means  em-  domt  rectitude,  holiness,  and  unbounded  bene- 
ploye^g  and  however  varied  the  efifects  pro-  ficence;  and  where  such  attributes  are  not 
duced  in  difierent  parts  of  bis  dominions.  manifested  there  cannot  be  said  to  be  a  display 
Some,  however,  may  be  disposed  to  insinu-  of  Divine  glory.  But  such  attributes  could 
ate  ihat  the  Deity  may  have  designs  in  view,  never  be  traced  by  man,  or  by  any  other  ordei 
in  the  creation  of  matter,  of  which  we  are  of  intelligences,  were  the  planetary  bodies  and 
altogether  ignorant,  and  that  the  planets  and  the  other  orbs  of  heaven  a  scene  of  eternal 
other  bodies  in  tbe  heavens  may  display  the  silence,  solitude,  and  waste ;  where  no  por- 
Divioe  gloiy  in  some  way  or  another,  although  cipient  being  existed  to  taste  the  goodness  or 
they  be  not  peopled  with  inhabitants.  It  is  to  adore  the  p^'r&ctions  of  its  Creator, 
r^^y  admitted  that  we  are  ignorant  of  many 
of  tbe  purposes  of  the  Deity,  of  the  details  of  ■ 
hia  operations  ui  the  distant  regions  of  crea- 
tion, and  of  many  of  the  plans  and  movemente  8xctioh  II. 
of  hia  moral  government;  and  that,  through 

an  eternal  lapse  of  ages,  we  shall  always  re-  Argument  II.  There  is  a  eEKKRAL  simi- 
main  in  ignorance  of  some  of  the  works  and  laritt  among  all  ih£  bodies  of  the  Planetary 
ways  of  the  Almighty.  But  there  are  certain  System^  which  tends  to  prone  thai  they  are  in- 
general  principles  and  views  with  which  the  tended  to  subserve  the  same  ultimate  designs 
Ddty  evidently  intends  that  all  his  rational  in  the  arrangements  of  the  Creator, 
oeatores  should  be  acquainted.  It  was  evi-  In  the  elucidation  of  this  argument  it  will 
dently  intended  that  the  visible  creation  should  be  requisite  that  a  variety  of  fiicte,  some  of 
adumbrate^  as  it  were,  the  character  of  him  which  have  been  noticed  in  tbe  preceding 
who  produced  it;  or  that  it  should  serve  as  a  pages,  should  be  brought  under  review.  We 
mirror,  in  which  his  existence  and  some  of  his  are  not  to  imagine  that  the  planete,  considered 
.perfections  might  be  clearly  perceived.  But  if  as  habitable  worlds,  are  arranged  exactly  ac- 
tiie  great  globes  of  the  universe  were  destitute  cording  to  the  model  of  our  terrestrial  habita- 
of  i^abitanta,  how  could  the  Divine  glory  be  tion ;  for  the  Creator  has  introduced  an  infinite 
Recovered  in  their  structure  1  How  could  a  variety  in  evciy  department  of  his  works ;  and 
oonfbsed  massof  rubbiBh  and  desolation,  how-  we  know  from  observation  that  there  are  cer- 
ever  vast  and  extensive,  display  the  intelli-  tain  arrangements  connected  with  those  iKxIies 
genoe^  the  wisdom,  and  the  benevolence  of  ite  which  are  very  dififerent  from  those  which  are 
Maker  1  It  might  indicate  a  power  surpassing  found  in  connexion  vrith  our  globe.  But  \n 
oar  comprehension,  bat  it  would  display  no  all  worlds  destined  for  the  habitetion  of  intel- 
otfier  perfection  which  tends  to  excite  tbe  lectual  nature  we  ^ould  expect  to  find  some 
adnuiation,  the  love,  and  the  adoration  of  general  analogy  or  resemblance  in  their  pro- 
rational  beings.  Yet  we  are  informed  in  the  roinent  features,  and  in  those  things  which 
■criptores  that  eelestial  intelligences  celebrate  appear  essential  to  the  enjoyment  of  such 
tlie  perfections  of  Jehovah,  *'  because  he  hath  beings.  Were  we  to  attend  the  dissection  of 
cteated  all  things,"  and  because  they  perceive  any  animal — a  dog,  for  example — and  per- 
'^his  works"  to  be  "obsat  astu  kabvsl-  ceive  the  heart,  the  stomach,  the  liver,  the 
lous."  They  ascribe  to  him  "  wisdom,  and  lungs,  tbe  veins,  arteries,  and  other  parts 
glory,  and  honour,  and  power,  and  thanks-  essential  to  life  and  enjoyment,  we  could 
gi^'ing,'*  from  the  display  of  his  character  scarcely  doubt  that  the  same  organs,  though 
which  they  perceive  in  his  woiks.  But  how  perhaps  somewhat  modified,  were  likevrise  to 
could  Ihey  ascribe  to  him  such  perfections,  if  be  found  in  a  cat,  a  bullock,  or  any  other 
the  mightiest  of  hia  works  were  a  scene  of  quadruped,  and  that  they  served  the  same  pur- 
faarreonefls  and  desolation  1  Wisdom  can  bo  poses  in  all  these  animals.  In  like  manner, 
attributed  only  where  there  appears  to  be  a  when  we  find  on  our  globe  certain  parte  and 
proportionating  of  means  to  ends  /  and  good-  arrangemcnte  essentially  requisite  to  ite  being 
neas  can  have  no  place  where  there  <tare  no  a  habiteble  world,  and  when  we  likewise 
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abserre  sixnilar  oontnYanoes  connected  with  gravities  or  weights  of  the  diHerrat  planets; 

other  distant  globes,  we  have  eveiy  reason  to  what  proportion,  for  instance,  the  gravitation 

conclude  that  thej  are  intended  to  subserve  in  Jupiter  or  Saturn  bears  to  that  of  our  earth, 

similar  designs.  In  accordance  with  this  prin-  and  what  influence  their  attractive  power  pro- 

dple,  I  shall  now  proceed  to  detail  a  few  duces  on  their  own  satellites,  op.  the  motion 

contrivances  and  arrangements  in  the  other  of  comets,  and  on  the  smaller  and  inferior 

planets,  which  evidently  indicate  that  their  planets.     In  consequence  of  this  solidity  and 

grand  and  ultimate  design  is  to  afibrd  enjoy-  attractive  power,  idi  things  connected  with 

ment  to  sensitive  and  intellectual  natures.  their  surfaces  are  preserved  in  security  and 

1.  All  the  planets,  both  primary  and  prevented  from  flying  off  to  the  distant  regions 
leoondary,  are  of  a  spherical  or  spheroidal  of  space ;  for  it  is  this  power,  variously  modi- 
Jigure  similai  to  that  of  the  earth.  I  have  fied  and  directed,  that  preserves  the  material 
already  shown  (p.  132)  that  this  figure  is  the  uni  verse,  and  all  the  orders  of  beings  connected 
most  capacious  and  the  best  adapted  to  mo-  with  it,  in  compact  order  and  harmony,  with- 
tion,  both  annual  and  diurnal,  and  that  the  out  the  influence  of  which  all  things  in  heaven 
greatest  inconveniences  would  be  produced  and  earth  would  soon  be  reduced  to  a  universal 
were  any  world  constructed  of  an  angular  chaos.  In  this  respect,  then,  as  well  as  in  the 
figure.  Tlie  only  deviation  firom  this  figure  former,  the  planets  are  fitted  for  the  support 
is  to  be  found  in  the  rings  of  Saturn.  But  of  intellectual  beings,  flemished  with  material 
these  rings  are  not  angular  bodies;  for  even  organs. 

the  thin  exterior  edge  of  the  rings  is  supposed,       3.  All  the  planets  have  an  annual  reooUi^ 

from  some  minute  observations,  to  be  curved ;  tion  round  the  sun.    This  revolution,  in  the 

and,  if  so,  it  prevents  the  inconveniences  which  case  of  the  earth,  combined  with  the  inclina-> 

would  arise  from  an  angular  construction.  The  tion  of  its  axis  to  the  plane  of  its  orbit,  prcH 

flat  sides  of  the  ring^,  too,  appear  to  have  no  duces  the  variety  of  seasons ;  and  although  we 

angular  elevations  or  protuberances  more  than  are  not  to  suppose  that  all  the  planets  have 

what  may  be  supposed  from  a  gently-waving  seasons  similar  to  ours,  or  that  the  heats  of 

sur&ce  such  as  that  of  our  globe ;  and  although  summer  and  the  cold  of  winter  are  experienced 

they  are  not  globular  bodies,  they  are  eircuhrf  in  other  worlds  (see  pp.  55, 56,)  yet  there  is 

with  thin  edges,  and  are  thus  calculated  for  a  certain  variety  of  scene  produced  by  this 

rapid  motion  along  with  the  planet ;  and  the  revolution  in  all  the  planets,  particularly  in 

flat  sides,  having    no    angular    projections,  those  which  have  their  axes  of  rotation  in- 

appear  perfectly  adapted  for  being  places  of  clined  more  or  less  to  the  plane  of  their  orbits, 

habitation,  without   any  of   those  inconve-  This  variety  of  scene  will  be  particularly  ex- 

nienoes  or  catastrophes  which  might  ensue  perienoed  on  Saturn  and  on  the  surface  of  its 

had  they  approximated  to  a  cubical,  pris-  tings;  for  in  the  course  of  one  half  of  the 

matic,  or  pentagonal  form.    The  rings,  in  annual  revolution  the  sun  will  shine  on  cer- 

short,  approximate   nearer   to   the   globular  tain  parts  of  these  bodies,  and  during  the 

figure  and  its  conveniences  than  any  other  other  half  th^  will  be  deprived  of  his  direct 

construction  could  have  done,  and  show  us  influence.    The   annual   revolutions  of  the 

that,  although  the  Creator  proceeds  in  his  planets,  therefore,  appear  expedient,  in  order 

operations  on  some  ^prand  general  principles,  to   produce   an   agreeable  interchange   and 

yet  ho  is  not  limited  or  confined  to  one  par^  variety  of  scene,  for  the  purpose  of  gratifying 

ticular  figure  or  construction  in  arranging  the  their  inhabitants.     The  periods  ef  these  revo^ 

celestial  worlds.    The  planets,  then,  being  all  lutions,  too,  are  adjusted  with  the  utmost  ez- 

of  a  globular  or  circular  form,  appear  com-  actness.    The  planets  perform  their  circuits 

pletely  adapted  for  being  the  abodes  of  living  without  deviating  m  the  least  from  the  paths 

beings.  prescribed,  and  finish  their  revolutions  exactly 

2.  The  planets  are  solid  bodies  similar  to  in  the  appointed  time,  so  as  not  to  vary  the 
the  earth.  They  are  not  merely  a  congeries  space  of  a  minute  in  tiie  course  of  centuries, 
of  clouds  and  vapours  formed  into  a  globular  Now,  were  these  bodies  merely  extensive 
shape,  but  possessed  of  weight,  solidity,  or  regions  of  uncultivated  desarts,  or  were  they 
gravity.  This  is  evident  from  the  dark  and  placed  in  the  vault  of  heaven  merely  that  a 
well-defined  shadows  which  they  throw  on  few  terrestrial  astronomera  might  peep  at  them 
other  bodies,  and  from  the  attractive  influence  occasionally  through  their  glasses,  it  is  not  at 
Ihey  exert  throughout  the  system.  Their  all  likely  that  so  much  care  and  accuracy 
figure  is  a  proof  that  they  possess  such  would  have  been  displayed  in  marking  out 
qualities ;  for  their  roundness  proceeds  firom  their  orbits  and  adjusting  their  motions  and 
an  equal  pressure  of  all  their  parts  tending  revolutions. 

towards  the  same  centre.    Nay,  astronomers,       4.  The  planets  perform  a  diurnal  rotation 

by  the  aid  of  observation  and  mathematical  round  their  axes.    This  has  been  ascertained 

calculations,  can  tell  what  are  the  relative  in  reference  to  Venus,  Mars,  Jupiter,  and 
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SfttDin,  and  we  may  juadj  conclude,  from  and  darkneas  which  frequently  surround  us, 
analogy,  that  the  same  is  the  case  in  respect  night  not  unfrequently  opens  to  view  a  scene 
to  all   the   other  planets.     Wherever  spots  of  incomparable  splendour  and  magnificence ; 
luive  been  discovered  on  the  surface  of  any  a  scene  which^  were  it  confined  to  one  quarter 
planet,  it  has  uniformly  been  found  to  have  a  of  the  globe,  millions  of  spectators  would  be 
diurnal  rotation.     But  where  no  spots  or  pro-  eager  to  travel  thousands  of  miles  in  order  to 
minences  have  been  observed,  it  is  obvious  behold  it    In  a  clear  and  serene  sky,  night 
that  no  such  motion,  though  it  really  exist,  unfolds  to  us  the  firmament  bespangled  with 
can  be  detected.  No  spots  have  been  observed  thousands  of  stars,  twinkling  nrom  regions 
on  the  planet  Mercury,  on  account  of  its  small-  immensely  distant,  and  the  planets  revolving 
neas  and  its  proximity  to  the  sun ;  nor  on  the  in  their  different  circuits,  all  apparently  moving 
planet  Uranua,  on  account  of  its  very  great  around  us  in  silent  grandeur.  When  the  moon 
distance  from  the  earth ;  but  there  can  be  no  appears  amid  the  host  of  stars,  the  scene  is 
doubt  whatever  that  they  have  a  diurnal  mo-  diversified  and  enlivened.    Poets  and  philoso- 
tion  as  well  as  the  other  planets.    By  this  phers  in  all  ages  have  been  charmed  and  cap- 
motion  every  part  of  their  surfiice  is  turned  tivated  with  the  mild  radiance  of  a  moonlight 
in  snocession  towards  the  sun,  and  the  alter-  scene,  which  partly  unveils  even  the  distant 
sate  changes  of  day  and  night  are  produced,  landscape,  and  throws  a  soft  lustre  and  so- 
Were  no  such  motion  existing,  one  half  of  leronity  both  on  earth  and  sky  altogether 
these  globes  would  be  entirely  uninhabitable,  different  from  their  aspect  under  the  meridian 
fiv  the  enlivening  rays  of  the  sun  would  never  sun.    But  we  have  already  shown  (chapter 
cheer  its  desolate  regions,  and  the  other  half  viii.)  that  the  splendour  of  the  heavens  during 
might  be  dazzled  or  parched  with  heat  under  night  in  some  of  the  other  planets  is  far  more 
the  perpetual  effulgence  of  the  solar  beams,  magnificent  and  diversified  than  what  is  ex« 
Besides,  the  continuance  of  a  perpetual  day,  hibited  in  our  firmament     The  nocturnal 
and  the  illumination  of  the  sky  by  an  unin-  scenes  in  the  heavens  of  Jupiter,  Saturn, 
terrupted  efilux  of  solar  light,  would  prevent  Uranus,  and  their  rings  and  satellites,  in  point 
the  distant  regions  of  creation  from  being  seen  of  sublimity  and  variety,  exceed  every  con- 
and  contemplated,  so  that  no  body,  except  the  oeption  we  can  now  fonn  of  celestial  grandeur 
son  himself,  and  the  planet  on  which  the  and  magnificence ;  and,  therefore,  it  is  highly 
spectator  stood,  would  be  known  to  exist  in  probable,  that  in  those  regions  the  scenes  of 
the  universe.     But  it  appears  to  have  been  night  will  be  far  more  interesting  and  sublime, 
the  intention  of  the  Creator  not  only  to  cheer  and  will  afford  objects  of  contemplation  more 
the  planets  by  the  invigorating  influence  of  attractive  and  gratifying  than  all  the  splen- 
the  sun,  but  likewise  to  open  to  the  view  of  dours  of  their  noonday.    In  this  rotation  of 
their  inhabitants  a  prospect  into  the  regions  the  planetary  orbs  there  is  a  striking  display 
<^  distant  worlds,  that  they  may  behold  a  dis-  both  of  wisdom  and  goodness,  in  causing  a 
play  of  his  wisdom  and  omnipotence,  and  of  means  so  apparently  simple  to  be  productive 
the  magnificence  of  his  empire ;  and  this  of  so  rich  a  variety  of  sublime  and  beneficent 
object  bos  been  completely  effected  in  every  effects ;  and  this  circumstance  of  itself  affords 
part  of  the  system  by  impressing  upon  the  a  strong   presumptive   evidence  that  every 
planets  a  motion  of  rotation,  so  that  there  is  globe  in  the  universe  which  has  such  a  rota- 
no  body  within  the  range  of  the  solar  infiu-  tion  is  either  a  world  peopled  wi^h  inhabit- 
ence  that  does  not,  at  one  period  or  another,  ants,  or  connected  with  a  system  of  habitable 
enjoy  this  advantage.  worlds ;  for,  without  such  a  motion,  the  one 
The  idea  of  nig^t  among  the  celestial  bodies  half  at  least,  of  every  globe  would  be  unfit  for 
ought  not  to  be  associated  with  gloom,  and  the  residence  of  organized  intelligences.    It  is 
darkness,  and  deprivation  of  comforts.  In  our  not  improbable  that  most,  if  not  all  the  globes 
world  this  is  frequently  the  case.    A  cloudy  of  the  universe  have  a  diurnal  rotation  im- 
atmosphere,  combuied  with  the  fury  of  raging  pressed  upon  them.    We  find  that  even  the 
winds  hurricanes,  and  the  appalling  thunder-  globe  of  the  sun  has  a  motion  of  this  kind, 
storm,  frequently  renders  our  nights  a  scene  which  it  performs  in  the  course  of  twenty-five 
(rf*  gloom  and  terror,  especially  to  the  benighted  days ;  and  the  phenomena  of  variable  stars 
traveller  and  the  mariner  in  the  midst  of  the  have  induced  some  astronomers  to  conclude 
ocean.    But  such  gloomy  and  terrific  scenes  that  their  alternate  increase  and  diminution  c^ 
would  never  have  taken  place  had  our  globe  lustre  is  owing  to  a  motion  of  rotation  around 
and  its  inhabitants  remitined  in  that  state  of  their  axes. 

order  and  perfection  in  which  they  were  origi-       6.  All  the  planets  and  their  satellites  are 

nally  created ;  and,  therefore,  we  are  to  con-  opaque  bodies,  which  derive  their  lustre  from 

Oder  such  physical  evils  as  connected  with  the  sun.  That  Venus  and  Mercury  are  opaque 

the  moral  state  of  the  present  inhabitants  of  globes,  which  have  no  light  in  themselves,  is 

the  earth.    But  even  here,  amid  the  gloom  evident  from  their  appearing  scmetimes  with 
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a  gibbous  pbaM,  and  at  other  times  like  a  design,  nameJy,  to  serve  as  the  abodes  of  fi^ng 

crescent  or  a  half  moon ;  and  particularlj  from  beings,  and  to  promote  the  enjoyment  of  in- 

their  having  been  seen  moving  across  the  disk  tellectnal  natures. 

of  the  sun  Uke  round  black  spots.  Mars  befaig  Since  the  planets,  then,  are  all  similar  tc 
a  superior  planet,  can  never  appear  Uke  a  one  another  in  theif  spherical  or  spheroidal 
crescent  or  a  half  moon;  but  at  the  time  of  figures;  in  their  being  solid  and  opaque  globes: 
Its  quadrature  with  the  sun  it  assumes  a  gib-  in  their  annual  and  diurnal  revolutions ;  and 
Dous  phase,  somewhat  approaching  to  that  of  in  being  acted  upon  by  the  same  laws  of  mo- 
a  half  moon,  which  likewise  prove  that  it  is  tion ;  and  since  these  circumstances  are  all 
an  opaque  globe.  Jupiter  axid  Saturn  must  requisite  to  the  comfort  and  enjoyment  of 
always  appear  round,  on  account  of  their  great  living  beings,  it  is  a  natural  and  reasonable 
distance  firotn  the  earth ;  but  that  Jupiter  is  conclusion  that  their  ultimate  destination  is 
opaque  appears  from  the  dark  shadows  of  his  the  same,  and  that  they  are  all  replenished 
satellites  moving  across  his  didt  when  they  with  inhabitants.  This  earth  on  which  we 
inteipoee  between  him  and  the  sun ;  and  that  dwell  is  one  of  the  bodies  possessed  of  the 
Saturn  is  tikewise  a  dark  body  of  itself  ap-  qualities  and  arrangements  to  which  we  al- 
pears  from  the  shadow  of  the  rings  upon  its  lode ;  and  we  know  that  its  chief  and  ultimate 
disk.  That  the  moon  is  an  opaque  body  has  design  is  to  support  a  multitude  of  sensitive 
been  already  shown  (p.  112,)  and  it  is  obvious  and  intellectual  beings,  and  to  afford  them 
to  almost  every  observer ;  and  that  the  satel-  both  physical  and  mental  enjoyment.  Had 
lites  of  Jupiter  and  Saturn  are  opaque  appears  not  this  been  its  priiicipal  destination,  we  are 
from  their  eclipses,  and  tbe  shadows  they  assured,  on  the  authority  of  Divine  revelation, 
project  on  their  respective  planets.  In  this  that "  it  would  have  hten  created  in  vain,^ 
respect  both  the  primary  and  the  secondary  We  must  therefore  conclude  that  all  the  other 
planets  are  bodies  analogous  to  the  earth,  globes  in  our  system  were  destined  to  a  simi- 
which  is  likewise  opaque,  and  derives  its  light  lar  end,  unless  we  can  suppose  it  to  be  con- 
either  directly  firom  the  sun  or  by  reflection  sistent  with  the  perfections  of  Deity  that  they 
from  the  moon,  except  the  feeble  rays  which  were  created  for  no  purpose, 
proceed  from  the  stars.    It  forms,  therefore,  a 

presumptive  argument  that  all  these  bodies  ^—.i.. 
have  a  similar  destination ;   for  we  cannot 

conceive  any  other  globe  so  well  fitted  for  the  Sictiov  HI. 
habitation  of  rational  beings  as  that  which 

is  illuminated  by  light  proceeding  firom  another  Ai:gument  III.    In  the  bodies  which  con* 

body.    An  inherent  splendour  on  the  sur&ce  sHtide  the  solar  system^  there  are  spsciak 

of  any  globe  would  dazzle  the  eyes  with  its  AaBAHesxEirTS  which  indicate  their  adap- 

brilliancy,  and  could  never  produce  such  a  tatiok  to  the  enjoymtnts  of  sensitive  and 

beautiful  diversity  of  form,  shade,  and  colour-  intelligent  beings  g    and  which  prove  tliai 

ing  as  appears  on  the  landscapes  of  the  earth,  this  loas  the  ultimate  design  of  their  creatimu 

by  means  of  tbe  reflections  of  the  solar  njB.  This  argument  is  somewhat  similar  to  the 

And,  therefore,  if  the  sun  be  inhabited,  it  can  former;  but  it  may  be  considered  separately, 

only  be  its  dark  central  nucleus,  and  not  the  in  order  to  prevent  an  accumulation  of  too 

exterior  surface  of  its  luminous  atmosphere.  muiy  particulars  under  one  head. 

6.  The  bodies  belonging  to  the  planetary  I.  The  surfaces  of  the  planes  are  dicersi' 
system  are  all  canjieeted  together  by  one  com-  ficd  with  hills  and  valleys,  and  a  variety  of 
man  principle  or  law,  namely,  the  law  of  mountain  scenery.  This  is  particulariy  ob- 
gravitation.  They  are  all  subject  to  the  at-  servable  in  the  moon,  whose  sur&ce  is  diver- 
tractive  influence  of  the  great  central  lumi-  sified  with  an  immense  variety  of  elevations 
nary ;  they  revolve  around  it  in  conformity  to  and  depressions,  though  in  a  form  and  ar* 
the  general  law,  that  the  squares  of  their  peri-  rangement  very  different  firom  ours  (see  pp» 
odical  times  are  proportional  to  the  cubes  of  113-116.)  It  cannot  be  ascertained  by  direct 
their  distances ;  tiiey  describe  equal  areas  in  observation  that  there  are  mountains  on  the 
equal  times ;  their  orbits  are  elliptical ;  they  surfiices  of  Jupiter,  Saturn,  or  Uranus,  by 
are  acted  upon  by  centripetal  and  centrifugal  reason  of  their  great  distances  from  the  earth, 
forces;  and  they  all  produce  an  attractive  But  that  they  are  rough  or  uneven  globes 
influence  on  each  other,  in  proportion  to  their  appears  from  their  reflecting  the  light  to  us 
distances  and  the  quantity  of  matter  they  con-  firom  every  part  of  their  surfaces,  and  from  the 
tain.  Being  thus  assimilated  and  combined  spots  and  differences  of  shade  and  colour 
mto  one  harmonious  system,  the  presumjption  which  are  sometimes  distinguishable  on  their 
is,  that,  however  different  in  point  of  distance,  disks.  For  if  the  surfaces  of  tbe  planets  were 
mai^nitude,  arui  density,  they  are  all  intended  perfecUy  smooth  and  polished,  they  could  not 
to  accomplish  the  same  grand  and  beneficent  reflect  the  light  in  every  direction  ;  the  re 
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fleeted  image  of  the  sun  would  be  too  small  to  flow  immense  tracts  of  land.  Hznce  it  has 
•tzike  our  eyes,  and  they  would  consequently '  been  arranged  by  the  wisdom  of  Provid.Mice 
be  invisible.  (See  p.  112.)  Indications  of  that  mountains  should  exist  over  all  the  glol)e, 
mountains,  however,  have  been  seen  on  some  and  that  every  country  should  enjoy  the  nu- 
of  the  other  planets,  particularly  on  Venus,  merous  benefits  which  such  an  arrangement 
Spots  have  been  observed  on  this  planet  on   is  fitted  to  produce. . 

diOerent  occasions,  and  the  boundary  between  As  mountains,  then,  are  partof  the  arrange- 
its  dark  and  enlightened  hemisphere  has  ap-  ments  of  other  globes  in  the  solar  system,  and 
peared  jagged  or  uneven,  a  clear  proof  that  as  they  are  essentially  requisite  in  such  a 
its  surface  is  diversified  with  mountains  and  world  as  ours,  they  may  serve  similar  and 
vales.  One  of  these  mountains  was  calculated  even  more  important  purposes  in  other  worlds, 
by  Schroeter  to  be  nearly  eleven,  and  another  In  some  of  the  planets  they  appear  to  be  more 
twenty -two  miles  in  perpendicular  elevation ;  elevated  and  of  greater  dimensions  than  on 
and  there  can  be  but  little  doubt  that  such  the  earth.  Although  the  moon  is  much  less 
inequalities  are  to  be  found  on  the  surfaces  in  size  than  our  globe,  yet  some  of  its  moun- 
of  ah  the  planets  and  their  satellites,  although  tains  are  reckoned  to  be  five  miles  in  perpen- 
tbey  are  not  distinctly  visible  to  us  on  account  dicular  height  Some  of  the  mountains  on 
of  their  distance.  Venus  arc  estimated  to  be  four  times  higher 

The  existence  of  mountains  on  the  planets  than  even  this  elevation.  We  may  easily 
Is  therefore  a  proof,  or,  at  least,  a  strong  pre-  conceive  what  an  extensive  and  magnificent 
smnptive  evidence,  that  they  are  habitable  prospect  would  be  presented  from  the  top  of 
worlds;  for  a  perfectly  smooth  globe  could  pro-  such  sublime  elevations,  and  what  a  diveisity 
sent  DO  great  variety  of  objects  or  picturesque  of  objects  would  be  presented  to  the  eye  fi-om 
scenery,  such  as  we  behold  in  our  world,  and  one  point  of  view.  Nor  need  we  imagine 
would  doubtless  be  attended  with  many  in-  there  will  be  any  great  difficulty  in  ascending 
conveniences.  The  view  from  any  point  of  such  lofly  eminences ;  for  the  irhabitants  of 
such  a  globe  would  be  dull  and  monotonous,  such  worlds  may  be  furnished  wuth  bodies  dif- 
like  the  expanse  of  the  ocean,  or  like  the  ferent  from  those  of  the  human  race,  and  en- 
desarts  of  Zahara  or  Arabia.  It  is  the  beau-  dowcd  with  locomotive  powers  far  superior  to 
tiful  varie^  of  hills  and  dales,  mountains  and  ours.  If,  therefore,  the  planets  were  found  to 
plains,  and  their  diversity  of  shadows  and  be  perfectly  smooth  globes,  without  any  elcva- 
aspects,  that  render  the  landscapes  of  the  earth  tions  or  depressions,  we  should  lose  one  argu- 
interesting  and  delightfiil  to  the  painter,  the  ment  in  supportof  their  being  designed  for  the 
poet,  the  man  of  taste,  and  the  traveller.  Who  abodes  of  rational  beings ;  but  having  the  cha- 
would  ever  desire  to  visit  du4ant  countries,  or  racteristic  now  stated,  when  taken  into  con- 
even  distant  worlds,  if  they  consisted  merely  sideration  with  other  arguments,  it  corroborates 
of  level  plains,  without  any  variety,  of  several  the  idea  of  their  being  habitable  worlds, 
thousands  of  miles  in  extent?  The  moun-  2.  The  planets,  in  all  probability,  are  en« 
tains  add  both  to  the  sublimity  and  the  beau^  vironed  with  atmospheres.  It  appears  pretty 
of  the  surface  of  our  globe ;  and  from  the  sum-  certain  that  the  moon  is  surrounded  with  such 
mits  of  lofty  ranges  the  most  enchanting  pros-  an  appendage  (see  pp.  119-120.)  The  planet 
pects  are  frequently  eQoyed  of  the  rivers  and  Mars  is  admitted  by  all  astronomers  to  be  en- 
lakes,  the  hills  and  vales,  which  diversify  the  vironed  with  a  pretty  dense  atmosphere,  which 
plains  below.  But  besides  the  beauty  and  is  the  cause  of  its  ruddy  appearance  (see  p. 
variety  which  the  diversity  of  surface  pro-  61,  62;)  and  indications  of  an  atmosphere 
duces,  mountains  are  of  essential  use  in  the  have  been  observed  on  Venus  and  some  of  the 
economy  of  our  globe.  They  afford  many  of  other  planets.  To  our  world  an  atmosphere 
the  most  delightful  and  salubrious  places  for  is  a  most  essential  appendage.  Without  its 
the  habitations  of  man  ;  they  arrest  the  pro-  agency  our  globe  would  be  unfit  for  being  the 
p-cfls  of  stormy  winds ;  they  serve  for  the  residence  of  living  beings  constituted  as  they 
n  >urishment  of  animals,  and  the  production  now  are ;  and  were  it  detached  from  the  earth, 
of  an  infinite  variety  of  herbs  and  trees;  they  all  the  orders  of  animated  nature,  and  even  the 
are  the  depositories  of  stones,  metals,  minerals,  vegetable  tribes  would  soon  cease  to  exist 
and  fo«Rils  of  every  description,  so  necessary  Atmospheres  somewhat  analogous  to  our9 
for  tlie  use  of  man ;  and  they  are  the  portions  may  likewise  be  necessary  in  other  worlds, 
of  the  globe  where  fountains  have  their  rise.  But  we  have  no  reason  to  conclude  that  they 
and  whence  rivers  are  conveyed  to  enliven  are  exactly  similar  to  ours.  Mobile  our  atmo- 
and  fertilize  the  plains.  For,  if  the  earth  were  sphere  consists  of  a  compound  of  several 
divested  of  its  mountains,  and  every  part  of  its  gaseous  substances,  theirs  may  be  formed  of  a 
i  surface  a  dead  level,  there  could  be  no  running   pure  homogeneous  ethereal  fluid,  possessed  of 

I  streams  or  conveyance  for  the  waters,  and  they   very  different  properties.     While  ours  is  im- 

wi>uld  either  stagnate  in  large  masses  or  over-   pregnated  with   dense  vapours,  and    inter- 
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epersed  with  numerous  straia  of  thick  clouds,  tnbutwn  of  light,  and  heat,  and  colour  smong 

the  atmosphere  of  some  of  the  other  planets  all  the  planets  and  theit  satellites.    On  eveiy 

may  be  free  of  every  heterogeneous  substance,  one  of  these  bodies  the  sun  diffuses  a  nuU- 

and  perfectly  pure  and  transparent,  llieir  re-  ance,  and,  in  order  that  no  portion  of  their 

flective  and  refi  active  powers,  and  other  quali-  surfaces  may  be  deprived  of  this  influence, 

ties,  may  likewise  be  different  from  those  of  they  appear  all  to  have  a  motion  round  their 

the  atnioBphere  which  surrounds  the  ear^  axes.    Light  is  an  essential  requisite  to  eveiy 

Henco  the  folly  of  denying  the  existence  of  world,  and  colour  is  almost  equally  indispensa- 

an  atmosphere  around  the  moon  or  any  other  ble.     Without  colour  W6  should  be  unable  to 

planet,  because  a  fixed  star  or  any  other  orb  ia  perceive  the  forms,  proportions,  and  aspects  of 

not  rendered  dim  or  distorted  when  it  ap-  the  objects  which  surround  us ;  we  could  not 

proaches  its  margin.    Forif  its  atmosphere  be  distinguish  one  object  from  another;  all  the 

either  of  small  dimensions,  or  perfectly  pure  beauties,  varieties,  and  sublimities  of  nature 

and  transparent,  or  of  a  different  redact! ve  would  be  annihilated,  and  we  should  remain 

power  from  ours,  such  a  phenomenon  cannot  destitute  of  the    noblest  entertainments   of 

be  expected.   We  have  no  more  reason  to  ex-  vision.    It  is  colour  which  enlivens   every 

pect  that  the  atmospheres  of  other  planets  scene  of  nature,  which  adds  a  charm  to  eveiy 

should  be  similar  to  ours,  than  that  these  landscape,  and  gives  an  air  of  beauty  and  mag* 

bodies  should  be  of  the  same  size,  have  the  nificenoe  to  the  spacious  vault  of  heaven.  Now 

same  diversity  of  objects  on  their  surface,  or  colour  exists  in  the  solar  rays,  without  which, 

be  accompanied  with  the  same  number  of  or  some  similar  radiance,  every  object  is  either 

moons.  invisible  or  wears  a  uniform  aspect  On  what- 

It  is  not  likely  that  our  atmosphere  is  pre-  ever  ofijects  these  rays  fall,  colour  is  produced ; 
cisely  in  the  same  state  as  at  the  first  creation,  they  have  the  same  properties  in  every  part  of 
Its  invigorating  powers  had  then  an  influence  the  system  as  on  our  globe,  and,  therefore, 
sufficient  to  prolong  human  existence  to  a  must  produce  colours  of  various  hues  on  the 
penod  of  a  thousand  years ;  but,  since  the  objects  connected  with  the  remotest  planets, 
change  it  underwent  at.the  deluge,  the  period  according  to  the  nature  of  the  substancrs  on 
of  human  life  has  dwindled  down  to  little  more  which  Uiey  fall.  Light  and  colour,  then, 
than  "  threescore  years  and  ten.''  The  present  being  essential  to  every  globe  intended  for  the 
constitution  of  our  atmosphere,  therefore,  ought  habitation  of  living  beings,  abundant  provision 
not  to  be  considered  as  a  model  by  which  to  has  been  made  for  diffusing  their  benign  in- 
judge  of  the  nature  and  properties  of  the  atmo-  fluence  through  every  part  of  the  planetary 
spheres  of  other  worlds.  Their  atmospheres  system*  Heat  is  likewise  an  agent  which  ap- 
may  be  so  pure  and  transparent  as  M  enable  pears  necessary  to  every  world ;  and  it  is, 
their  inhabitants  to  penetrate  much  further  doubUess,  distributed  in  due  proportions 
into  space  than  we  can  do,  and  to  present  to  throughout  the  system,  according  to  the  na- 
them  the  heavenly  bodies  with  more  brilliancy  ture  of  the  substances  of  which  the  planets 
and  lustre ;  and  the  properties  with  whic^  are  compost,  and  the  constitution  of  their  in- 
tliey  are  endowed  may  be  fitted  to  preserve  habitants.  But  light,  and  colour,  and  heat  are 
their  corporeal  organs  in  undecaying  vigour,  agencies  which  can  only  have  an  ultimate  re- 
and  to  raise  their  spirits  to  the  highest  pitch  spect  to  sensitive  and  i||tellectual  beings ;  and, 
of  ecstasy,  similar  to  some  of  the  effects  pro-  therefore,  where  no  such  beings  exist  or  are 
duced  on  our  firame  by  inhaling  that  gaseous  intended  to  exist,  no  such  provision  would  be 
fluid  called  the  nitrotu  oxide.  There  is  only  made  by  a  wise  and  intelligent  agent  Such 
one  planet  whose  atmosphere  appears  to  par-  care  as  appears  to  have  been  taken  for  the* 
take  of  the  impurity  and  density  of  that  of  the  communication  of  the  agencies  of  light,  heat, 
earth,  and  that  is  the  planet  Mars ;  and  several  and  colour,  would  never  have  been  exercised 
other  circumstances  tend  to  show  that  it  bears  for  the  sake  of  rocks  and  desarts,  and  scenes 
too  near  a  resemblance  to  our  globe.  In  this  of  sterility  and  desolation.  The  existence  of 
respect,  tlicn,  it  gives  indication  of  being  a  light,  with  aU  the  enchanting  eflects  it  pro- 
habitable  world  ;  but  several  of  the  other  pla-  duces,  necessarily  supposes  the  existence  of 
nets  may  be  abodes  of  greater  happiness  and  eyes,  in  order  to  enjoy  its  beneficial  influence ; 
splendour,  although  no  traces  of  such  an  ap-  and,  therefore,  organized  beings,  endowed 
pendange  can  be  distinguished  by  our  tele-  with  visual  organs,  must  exist  in  all  those  re- 
scopes.  And  this  very  circumstance,  that  gions  where  contrivances  have  been  adapted 
their  atmospheres  are  invisible,  should  lead  us  for  its  regular  and  universal  diffusion ;  other- 
to  conclude  that  they  are  purer  and  more  wise  the  universe  might  have  remained  a  scene 
transparent  than  ours,  and  that  the  moral  and  of  eternal  darkness. 

physical  condition  of  their  inhabitants  is  pro-  4.  The  principal  primary  planets  are  pro- 

Sibly  superior  to  what  is  enjoyed  upon  earth,  vided  with  secondary  planets  or  moons,  to 

8.  There  is  provision  made  for  the  dis'  afford  them  light  in  the  absence  of  the  sun, 
(510) 
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as  well  as  to  accomplish  other  important  pur-  Mercury,  or  had  they  even  the  density  of  the 

poses.     The  three  largest  planets  of  the  sys-  earth,  organized  beuigs  like  man  would  be 

tem  are  accommodated  with  no  fewer  than  unable  to  traverse  their  surfaces.  If  the  density 

tetenfeen  of  those  nocturnal  luminaries,  and  of  Jupiter,  for  example,  were  as  great  as  that 

probably  with  several  more  which  lie  beyond  of  the  earth,  th6  weight  of  bodies  on  its  surface 

the  reach  of  our  telescopes.    Our  earth  has  would  be  eleven  times  greater  than  with  us ; 

one ;  and  it  is  not  improbable  that  both  Mars  so  that  a  man  weighing  160  pounds  on  the 

and  Venus  are  attended  by  at  least  one  satel-  earth  would  be  pruned  down  on  the  surface 

lite.     These  attendants  appear  to  increase  in  of  Jupiter  with  a  force  equal  to  one  thousand 

number  in  proportion  to  the  distapce  of  the  seven  hundred  and  sixty  pounds.    But  the 

primary  planet  from  the  sun.    Jupiter  has  gravity  of  bodies  on  the  suHace  of  this  planet 

four  sach  attendants;  Saturn  seven;  six  have  is  only  about  twice  as  great  as  on  the  surfeoe 

been  discovered  around  Uranus ;  but  the  great  of  the  earth ;  and  this  gravitating  pouter  is 

diificiilty  of  perceiving  them,  at  the  immense  diminished  by  its  rapid  rotation  on  its  axis. 

distance  at  which  we  are  placed,  leads  to  the  For  the  centnfugal  force  which  diminishes  the 

almost  certain  conclusion  that  several  more  weight  of  bodies  is  sixty-six  times  greater  on 

exist  which  have  not  yet  been  detected.  While  Jupiter  than  on  the  earth,  and  will  relieve  the 

these  satellites  revolve  round  their  respective  inhabitants  of  one  eighth  part  of  their  weight, 

planets,  and  diffuse  a  mild  radiance  on  their  which  they  would  ofiierwise  feel  if  tliere  were 

surfaces  in  the  absence  of  the  sun,  they  also  no  rotation;  so  that  a  body  weighing   128 

serve  the  same  purposes  to  one  another ;  and  pounds  if  the  planet  stood  still,  would  weigh 

their  primaries,  at  the  same  time,  serve  the  only  1 12  pounds  at  its  present  rate  of  rotation, 

purpose  of  large  resplendent  moons  to  every  which  will  afford  a  sensible  relief  and  diminu- 

one  of  their  satellites,  besides  presenting  a  tion  of  weight  (seep.  76,  Art  Ju/n7fr.)     The 

diversified   and  magnificent   scene   in   their  same  may  be  said,  with  some  slight  modifica- 

nocturnal  sky.    No  satellite  has  yet  been  dis-  tions,  in  relation  to  Saturn.    There   must, 

covered  attending  the  planet  Mercury,  nor  is  therefore,  have  been  a  design,  or  a  wise  and 

it  probable  that  any  such  body  exists.    But  prospective  contrivance  in  such  arrangements, 

we  have  already  shown  (pp.  146-148)  that  to  suit  the  exigencies  and  to  promote  the  com- 

Venos  and  the  earth  serve  the  purposes  of  fort  of  organized  intelligences ;  otherwise,  had 

satellites  to  this  planet,  Venus  sometimes  a|^  Jupiter  and  Saturn  been  as  much  denser  than 

pearing  six  times  as  large,  and  the  earth  two  the  earth  as  they  are  lighter,  every  body  would 

or  three  times  as  large  as  Venus  does  to  us  have  been  riveted  to  their  surfaces  with  a  force 

at  the  period  of  its  greatest  brilliancy ;  so' that  which  beings  like  man  could  never  have  over- 

the  nights  of  Mercury  are  cheered  with  a  con-  come ;  and  moving  beings  with  such  organica] 

siderable  degree  of  illumination.    Here,  then,  parts  as  those  of  men  would  have  had  to  drag 

we  perceive  an  evident  design  in  such  arrange-  along  with  them  a  weight  of  eight  or  ten  thou- 

ments,  whichtcan  have  no  other  ultimate  object  sand  pounds, 
in  view  than  the  comfort  and  gratification  of  ____ 

intelligent  beings.     For  a  retinue  of  moons, 

revolving  around  their  primary  planets  at  regu-  In  the  preceding  statements  I  have  endea- 
lar  distances  and  fn  fixed  periods  of  time,  voured  to  show  that  there  is  a  general  simi- 
would  serve  no  useful  purpose  in  throwing  a  iarity  among  all  the  bodies  of  the  planetaiy 
faint  liglit  on  immense  dcsarts,  where  no  sen-  system,  and  that  there  are  special  arrange' 
sitive  beings,  furnished  with  visual  organs,  ments  which  indicate  their  adaption  to  the 
were  placed  to  enjoy  its  benefits ;  nor,  if  this  enjoyment  of  sensitive  and  intellectual  beings, 
were  the  case,  is  it  supposable  that  so  much  I^ct  us  now  consider  more  particularly  the 
skill  and  accuracy  would  have  been  displayed  force  of  the  argument  derived  firom  such  con- 
in  arranging  their  distances  and  their  peri-  siderations: 

odical  revolutions,  which  is  accomplished  with       That  the  Divine  Being  has  an  end  in  view 

ail  the  accuracy  and  precision  which  are  dis-  in  all  his  arrangements,  and  that  this  end  is  in 

played  in  the  other  departments  of  the  system  complete  correspondence  with  his  infiiiitc  wis- 

of  nature.     '  dom  and  goodness,  and  the  other  perfections 

Tlie  small  density  of  the  larger  and  more  of  his  nature,  is  a  position  which  every  rational 

remote  planets,  and  the  diminution  of  the  Theist  will  readily  admit    That  some  of  the 

weight  of  bodies  on  their  surfaces  on  this  prominent  designs  or  general  ends  which  the 

account,  and  by  their  rapid  rotation  on  their  Deity  intended  to  accomplish  may  be  traced 

axes,  appear  to  be  instances  of  design  which  in  various  departments  of  his  works,  is  liko- 

have  a  respect  to  sentient  beings.    The  den-  wise  a  position  which  few  or  none  will  deny, 

shy  of  Jupiter  is  little  more  than  that  of  water,  That  deeign  may  be  mferred  from  its  effects, 

«nd  that  of  Saturn  about  the  density  of  cork,  is  a  principle  which  mankind  generally  recog- 

Wcre  these  planets  as  dense  as  the  planet  nize  in  their  investigations  of  the  opciations 

r611) 
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both  of  nature  and  of  art.  That  niim  vvould  For  an  eternal  and  omnlscieDt  Being,  whose 
justly  lie  accused  of  insanity  who,  afler  in-  wiadom  ia  unaearchable,  and  whoae  eye  penc 
specting  the  machinery  of  a  wcU-constructed  trates  through  all  the  regiooB  of  immensity, 
clock,  and  perceiving  that  it  answered  the  may  have  subordinate  designs  to  accomplish, 
purpose  of  pointing  out  the  divisions  of  time  tvhich  surpass  the  limited  faculties  of  man,  oi 
by  hours,  minutes,  and  seconds  with  the  ut*  even  of  angels,  to  comprehend.  But  to  inves- 
most  accuracy,  should  deny  that  its  various  tigate  and  to  perceive  ^me  of  the  main  and 
parts  were  formed  and  arranged  for  the  very  leading  ends  which  were  designed  in  the 
purpose  which  the  machine  so  exactly  fulfils ;  arrangement  of  certain  parts  of  the  universe, 
at  least,  that  the  pointing  out  of  the  hours  and  is  so  far  from  being  presumptuous  and  unat- 
minutes  was  one  of  the  main  and  leading  tainable,  that  it  would  be  bKndness  and  folly 
objects  which  the  artist  had  in  view  in  its  in  a  rational  creature  not  to  discover  uiem  ; 
construction.  It  is  a  law  of  our  nature  which  particularly  in  such  instances  as  those  to  which 
we  cannot  resist,  that  from  the  effect  the  de-  we  have  now  alluded.  For  it  appears  to  be 
sign  may  be  inferred ;  and  that,  wherever  art  the  intention  of  the  Deity,  in  displaying  hie 
or  contrivance  appears  exactly  adapted  to  ac-  works  to  intelligent  minds,  that  these  works 
complish  a  certain  end,  that  end  was  intended  shall  exhibit  a  manifestation  of  his  attributes, 
to  be  accomplished.  We  cannot  doubt  for  a  and  particularly  of  his  wisdom,  goodness,  and 
moment  of  the  final  causes  of  a  variety  of  intelligence ;  and  he  has  endowed  them  with 
objects  and  contrivances  which  present  them-  faculties  adequate  to  enable  them  to  perceive 
selves  to  view  in  the  world  we  inhabit  Wo  some  traces  of  his  footsteps  and  of  the  plan  of 
cannot  err  in  concluding,  for  example,  that  the  his  operations.  But  while  he  permits  us  to 
ears,  legs,  and  wings  of  animals  were  made  perceive  some  of  the  grand  lineaments  of  his 
for  the  purpose  of  hearing,  walking,  and  flying,  designs,  there  may  be  namberless  minute  and 
On  the  same  principle  we  are  led  to  conclude,  subordinate  ends  which  lie  beyond  the  sphere 
that  as  animals  are  formed  with  mouths,  teeth,  of  our  investigations.  Were  a  peasant  brought 
and  stomachs  to  masticate  and  digest  their  into  the  observatory  of  an  astronomer,  and 
food,  so  vegetables  and  other  organized  bodies  shown  an  instrument  calculated  to  point  out 
were  formed  for  the  purpose  of  affording  that  the  sun's  place  in  the  ecliptic,  its  declination 
nourishment  which  the  animal  requires.  No  and  right  ascension,  the  day  of  the  month,  Ac, 
one  will  take  upon  him  to  deny  that  the  eye  and  particularly  the  hour  of  the  day,  it  would 
was  intended  for  the  purpose  of  vision.  The  be  presumptuous  in  such  a  person  to  pretend  to 
coats  and  humours  of  which  it  is  composed,  ascertain  ail  the  intentions  of  the  artist,  or  all 
and  the  muscles  which  move  it  in  every  direc>  the  uses  for  which  such  a  machine  was  con- 
tion,  in  their  size,  shape,  connexion,  and  po-  structed ;  but  when  he  beheld  the  ordinary 
sitions,  are  so  admirably  adapted  to  this  end,  marks  of  a  sundial,  and  the  shadow  of  the 
and  the  transparency  of  the  cornea,  and  the  gnomon  accurately  pointing  to  the  hour,  he 
humours^  the  opacity  of  the  uveay  and  the  could  not  fail  at  once  to  perceive^bat  tyinwae 
semi-opacity  and  concavity  of  the  retina,  are  one  principal  end  which  the  contriver  had  in 
so  necessary  to  transmit  and  refract  the  rays  view.  In  like  manner,  while  we  evidently 
of  light  in  order  to  distinct  vision,  that  it  ap-  perceive  that  one  principal  design  of  the  crea« 
pears  as  evident  it  was  designed  for  this  pur-  tion  of  the  sun  was  to  enlighten  the  earth  and 
pose,  as  that  telescopes  were  constructed  to  other  bodies  which  move  around  it,  It  also 
discover  the  colours,  shapes,  ami  motions  of  serves  several  subordinate  purposes.  It  dirocia 
distant  objects.  And  as  the  eye  was  con-  the  course  of  winds,  promotes  evaporation  and 
structed  of  a  number  of  nice  and  delicate  parts  the  growth  of  vegetables ;  it  retains  the  planet« 
for  the  purpose  of  vision,  so  light  was  formed  in  their  orbits ;  it  kindles  combustible  sul>-- 
for  the  purpose  of  acting  upon  it  and  produc-  stances  by  means  of  convex  glasses  and  con- 
ing the  intended  effect,  without  the  agency  cave  mirrors ;  it  enables  us  to  measure  time  hj 
uf  which  vision  could  not  be  produced.  The  means  of  dials ;  it  directs  the  geograplier  to 
one  is  exactly  adapted  to  the  other ;  for  no  determine  the  elevation  of  &e  pole  and  tho 
other  substance  but  light  can  affect  the  eye  so  latitude  of  places ;  it  guides  the  navigator  in 
as  to  produce  vision,  and  no  other  organ  of  his  course  through  the  ocean,  and  even  its 
sensation  is  susceptible  of  the  impressions  of  eclipses  serve  many  useful  purposes,  both  in 
light,  so  as  to  convey  a  perception  of  any  chronology  and  astronomy ;  and  it  may  serve 
visible  object  In  all  such  cases,  the  adaption  similar  or  very  different  purposes,  with  which 
of  one  contrivance  to  another,  and  the  inten-  we  arc  unacquainted,  among  the  inhabitants 
tion  of  the  Contriver,  are  quite  apparent  of  other  worlds.  All  these  purposes,  and  many 
It  is  true,  indeed,  that  we  cannot  pretend  more  of  which  we  are  ignorant,  may  have 
to  explore  all  the  ends  or  designs  which  God  entered  into  the  designs  of  the  almighty  Cre« 
may  have  had  in  view  in  the  formation  of  ator,  although,  in  the  first  instance,  w^e  might 
any  one  oliject  or  department  of  the  universe,  have  been  unable  to  discover  or  appreciate 
(512) 
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iliBiii.    Am  "  tike  worin  of  the  Lord  are  gnat,"   for  the  illamination  of  eveiy  portioa  of  their 
■o  thpj  moat  **  be  sought  out,*'  or  diligently   rarfiieea,  and  diffiising  over  Uiem  a  variety  of 
invieatigated,  in  order  that  we  may  clearly  per-  colours  1     The  Bnawers  to  such  queationa 
cnive  the  manifold  deaigns  of  infinite  wisdom,  would,  tben»  he,  to  illuminate  an  immense 
Let  Qs  now  ai^ly  these  prindplea  to  the  number  of  dreary  wastes,  and  to  produce 
Bobject  more  immediately  before  us.    We  days  and  nights,  and  a  variety  of  seasons,  for 
have  seen  that,  in  the  distant  bodiea  of  our  the  sole  benefit  of  interminable  deserts,  or,  at 
ayatem,  there  are  special  contrivances  and   moat,  of  mountaina  of  marble  or  rocks  of  di»* 
■mngements,  all  calculated  to  promote  the  monda;  to  affi>rd  them  light  enough  to  see  to 
enjoyment  of  myriads  of  intelligent  agents,  keep  their  orbita,  lest  they  might  miss  their 
We  have  presented  before  us  a  moat  august  way  in  the  pathless  spaces  through  which 
and  astoniahing  aaeemblago  of  meant f  and  if   they  move!    Is  sudi  an  apparatus  requisite 
the  Contriver  ik  the  universe  is  possessed  of   for  such  a  purpose?     Would  this  be  an  end 
wiadom,  there  muat  be  an  end  proportionate  worthy  ofnmvi'n  wisnox  ?    Would  it  at 
to  the  utility  and  grandeur  of  the  means  all  correspond  with  the  dignity  and  grandeur 
pnyvided.    Arrangementa  nearly  aimilar,  but  of  the  means  employed  1     Would  it  comport 
much  inforior  in  prnnt  of  extent  and  magnifl-  with  the  boundless  intelligence  of  Him  "who 
OBnce»  have  been  made  in  relation  to  the  formed  the  earth  by  his  wisdom,  and  stretdied 
globe  on  which  we  live.    We  know  the  final  out  the  heavens  by  his  understanding  ?** 
OMise,  or,  at  least,  one  of  the  principal  deaigna  To  maintain  such  a  pootion  would  be  to  die- 
§0€  whidi  it  vras  created,  namely,  to  support  fort  the  Divine  character,  and  to  undermine 
sensitive  and  intellectual  beings,  and  to  con«   all  the  conceptions  we  ought  to  form  of  the 
tribute  to  their  enjoyment     If,  then,  the  Deity,  as  wise,  amiable,  and  adorable,  and  aa 
Creator  acta  on  the  eame  princitde^in  other  «*  great  in  counsel  and  mighty  in  operation." 
words,lfhe£rolay8thesameintenigenoe— in   If  we  beheld  an  artist  exerting  his  whole 
tAer  regions  of  the  universe  as  he  does  in  our  energies,  and  spending  his  whole  life  in  con- 
world,  we  must  admit  that  the  planetary  globes  atructing  a  large  complex  machine  which  pro- 
are  famished  with  rational  inhabilants.  There  duced  merely  a  successive  revolution  of  wheels 
a  one  essential  attribute  which  enters  into  all  and  piniona,  without  any  useful  end  whatever 
oor  conceptions  of  the  Divine  Being,  namely,  in  view,  however  much  we  might  extol  the 
thai  he  is  possessed  ofiniinUe  wisdom.  This  ingenuity  displayed  in  some  parts  of  the  ma- 
perfoction  of  his  nature  is  displayed  in  all  the   chine,  we  could  not  help  viewing  him  as  a 
general  arrangementa  he  haa  made  in  this  fool  or  a  maniac  in  beatowing  ao  much  labour 
lower  world,  where  we  find  one  part  luoely   and  expense  to  no  purpose.    For  it  is  the 
adapted  to  another,  and  every  thing  so  ba-  end  or  design  intended  whidi  leads  us  to  infer 
hnoed  and  arranged  as  to  promote  the  com-  the  wisdom  of  the  artist  in  the  means  em- 
fort  of  sentient  beings.   In  consequence  of  Ins  ployed.    And  shall  we  consider  the  all-wisb 
being*  |Aase8s4l  of  this  perfection,  he  must  be   ^^rn  adorable  caxATon  ot  tbx  iTiriYxmsa 
conndered,  in  o/Z  his  operations  throughout  as  acting  in  a  aimilar  manner?    The  thought 
the  immenaity  of  space,  as  proportionating  the   would  be  impious,  blasphemous,  and  absurd 
means  to  Uie  end,  and  selecting  the  best  means   It  is  only  when  we  recognize  the  Almighty  as 
poasible  for  tiie  accomplishment  of  any  design ;   displaying  infinite  vrisdom  m  all  his  arrange- 
for  In  aneh  contrivancea  and  operations  true  ments  throughout  creation,  and  boundless 
wisdom  oonsiBts.  beneficence  in  difinsing   happiness  among 

But  now  let  us  suppose  for  a  moment  that  countless  ranks  of  intelligent  existence,  that 
the  vast  regiona  on  the  surfooes  of  the  planets  ^e  perceive  him  to  be  vrwthy  of  oor  admira- 
are  only  irmnense  and  frightful  desarts,  devoid  tion  and  gratitude,  and  of  our  highest  praises 
of  inhabitants ;  toherein  does  the  wisdom  of  and  adorations.  We  are,  therefore,  irresistibly 
the  Creator  appear  an  this  supposition  ?  led  to  the  conclusion,  that  the  planets  are  the 
For  what  purpose  serves  the  grand  apparatus  abodes  of  intelligent  bemgs,  smce  every  requi- 
of  ringa  and  moons  for  adorning  their  sky  and  site  arrangement  has  been  made  for  their  en- 
reflecting  figiht  on  their  hemispheres?  Why  joyment  This  is  a  conclusion  which  is  not 
are  they  made  to  perform  annual  and  diurnal  merely  probable,  but  abaolutely  certain ;  for 
levolutiona,  and  not  fixed  in  the  same  points  the  opposite  opinion  would  rob  the  Deitjr  of 
of  infinite  space  1  Why  are  the  larger  and  the  most  distinguishing  attribute  of  his  nature, 
remoter  planeta  furnished  with  more  moons  by  virtually  denying  him  the  perftetion  of 
than  thoee  winch  are  nearer  the  source  of  infinite  wisdom  and  intelligenoe. 
light?     Why  are  their  firmaments  diveraified  __ 

irith  so  many  splendid  and  magnificent  ob-  o  nr 

jectst    Why  is  tiieir  surface  arranged  into  BicTioir  IV. 

mountains  and  vales  ?    Why  has  so  much       Argument  FV.    The  scenery  of  the  hea- 
aniitiiwTicM  been  displayed  in  devisinK  means  vena,  aa  viewed  from  the  surfaces  (tf  the 
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larger  planets  and  theb  satellites,  forms  a  the  material  universe  cannot  aniiwer  this  end, 

presumptive  proof  that  hoth  the  planets  and  and  might,  so  &r  as  such  a  design  is  concerned, 

their   moons   are   inhabited   hj  intellectual  have  remained  for  ever  shut  up  in  the  receaaos 

beings.,  dt  the  Eternal  Mind.    Such  scenes  eould  mit 

In  the  preceding  chapter  I  have  described  have  been  intended  merely  for  the  instnictioii 

%t  Bome  length  the  celestial  phenomena  of  the  or  gratification  of  the  inhabitants  of  the  earth, 

planets,  both  primary  and  seoondaiy.    From  For  no  one  of  its  population  has  yet  beheld 

these  deecriptions  it  appears  that  the  most  them  from  that  point  of  view  in  which  their 

gbrious  and  magnificent  scenes  are  displayed  grandeur  is  displayed,  and  not  one  out  ol  a 

in  the  firmament  of  the  remoter  planets,  and  hundred  thousand  yet  knows  that  such  objects 

particularly  in  those  of  their  satellites.    Even  exist  We  are,  therefore,  irresistibly  led  to  the 

the  firmament  of  the  moon  is  more  striking  conclusion  that  intelligent  minds  exist  in  the 

and  sublime  than  ours.    But  in  the  firma-  regions  of  Jupiter,  Saturn,  and  Uranus,  for 

ments  of  some  of  the  satellites  of  Jupiter  and  whose  pleasure  and  gratification  these  sublime 

Saturn  there  are  celestial  scenes  peculiarly  scenes  were  created  and  arranged.    Tbo«e 

grand  and  splendid,  surpassing  every  thing  minds,  too,  in  all  probability,  are  endowed 

which  the  imagination  can  well  represent,  with  faculties  superior  in  intellectual  energy 

and  these  scenes  diversified  almost  every  hour,  and  acumen  to  those  of  the  inhabitants  of  our 

What  should  we  think  of  a  globe  appearing  globe.  For  the  rapidity  and  complexity  of  the 

in  our  nocturnal  sky  1300  times  larger  tlfln  motions  presented  in  the  firmament  of  some 

the  apparent  size  of  the  moon,  and  every  hour  of  the  satellites  of  Jupiter  and  Saturn,  the 

assuming  a  difierent  aspect  1  of  five  or  six  variety  of  objects  exhibited  to  view,  and  the 

bodies  twenty  or  thirty  times  larger  than  our  firequent  and  rapid  changes  of  their  phases 

moon  appears,  all  in  rapid  motion,  and  con-  and   apparent  magnitudes,  are  such  as  to 

tinually  changing  their  phases  and  their  appa-  requure  the  exertion  of  intellectual  faculties 

rent  magnitudes  1    What  should  we  think  of  more  powerful  and  energetic  than  ours  in 

a  globe  filling  the  twentieth  part  of  the  sky^  order  to  determine  the  real  motions  and  posi- 

and  surrounded  with  immense  rings,  in  rapid  tions  of  the  globes  around  them,  and  to  asoer- 

motion,  diffusing  a  radiance  over  the  whole  tain  the  order  of  the  planetaiy  system  of 

heavens  1     When  Jupiter  rises  to  his  satel-  which  they  form  a  part.    And  it  is  likewise 

lites,  and  especially  when  Saturn  and  his  probable  that  their  organs  of  vision  are  moTB 

rings  rise  to  his   nearest   moons,  a  whole  acute  and  penetrating  than  those  of  men ; 

quarter  of  the  heavens  will  appear  in  one  otherwise  they  will  never  be  able  to  discover 

blaze  of  light    At  other  times,  when  the  sun  either  the  earth.  Mars,  Mercury,  or  Venosy 

is  ectipsed,  or  when  the  dark  sides  of  these  and,  consequently,  may  suppose  that  such 

globes  are  turned  to  the  spectator,  the  stony  bodies  have  no  existence, 
firmament  will  open  a  new  scene  of  wonders, 

and  planets  and  comets  be  occasionally  beheld  —        • 
in  their  courses  through  the  distant  regions 

of  space.  SacTzox  V. 

The  sublime  and  magnificent  scenes  dis- 
played in  those  regions;  the  diversified  objects  Argument  V,  The  doctrine  of  a  plurality 
presented  to  view ;  the  incessant  changes  in  of  worlds  may  be  argued  from  the  considera- 
their  phases  and  aspects ;  the  rapidity  of  their  tion  that,  in  dbe  world  we  inhabit,  eioery  part 
i^parent  motions ;  and  the  difiiculty  of  deter-  of  nature  is  destined  to  the  support  of  ani" 
mining  the  real  motions  and  relative  positions  mated  beings* 

of  the  bodies  in  the  firmament,  and  the  true  There  is,  doubtless,  a  certain  degree  of 
system  of  the  world,  lead  us  to  the  conclusion  pleasure  in  contemplating  the  material  world, 
that  the  globes  to  which  we  allude  are  re-  and  surveying  the  various  forms  into  which 
plenished,  not  merely  with  sensitive,  but  with  matter  has  been  wrought  and  arranged,  parti- 
intellectwd  beings.  For  such  sublime  and  cularly  in  the  admirable  structure  and  move- 
interesting  scenes  cannot  affect  inanimate  mentsofsystemsofbodies  such  as  those  which 
matter,  nor  even  mere  sentient  beings  such  as  compose  the  planetary  system.  But  there  is 
exist  in  our  world ;  and  we  cannot  suppose  something  still  more  interesting  and  wonder- 
that  the  Creator  would  fytm  such  maghificent  ful  presented  to  the  mind  whence  cdntem- 
arrangements  to  be  beheld  and  studied  by  no  plate  the  worlds  of  life.  The  material  world 
rational  beings  capable  of  appreciating  their  is  only,  as  it  were,  the  shell  of  the  universe  - 
grandeur  and  feeling  delight  in  their  contem-  the  mere  substratum  of  thought  and  sensa- 
plation.  If  creation  was  intended  as  a  display  tion;  living  beings  are  its  inhabitants,  for 
of  the  perfections  and  grandeur  of  the  Divine  whose  sake  alone  matter  is  valuable,  and  for 
Being,  there  must  exist  intelligent  mmds  to  whose  Enjoyment  it  appears  to  have  been 

whom  such  a  display  is  exhibited ;  otherwise  created.     In  the  orvanixation  of  animated 
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exiileiioes,  in  the  variooi  parts  of  which  they  suited  to  their  nature,  in  rocks  and  mountain^ 

•re  compo«iedy  in  the  adaptation  of  one  part  in  dens  and  caves  of  the  earth.    The  regions 

or  organ  to  another,  in  their  difibrent  funo-  of  the  air  are  filled  with  winged  creatures  of 

tkxns,  and  the  multifarious   movements  of  every  kind,  from  the  ostrich  and  the  eagle  to 

which  they  are  susceptible,  without  taking  the  numerous  tribes  of  fiying  insects  almost 

into   consideration   the   soul   that   animates  invisible  to  the  unassisted  eye.    The  ocean 

them,  there  is  a  display  of  the  most  admirable  teems  with  myriads  of  inhabitants  which  no 

mechanism  and  the  nicest  contrivance,  which  man  can  number,  of  every  form  and  size,  from 

is  not  to  be  found  in  earth  or  stones,  in  rocks  the  mighty  whale  to  the  numerous  tribet*  of 

of  diamonds,  or  even  in  the  figme  of  a  planet  Medusae,  of  which  several  thousands  of  bil- 

and  its  motion  round  the  sun.  Uoru  are  contained  in  a  cubical  mile  of  water. 

Hence  we  find  that  the  world  in  which  we  Every  sea,  lake,  and  river  is  pe<^led  with  in- 
live  teems  with  animated  existence.  Man  is  habitants ;  every  mountain  and  marsh,  every 
the  principal  inhabitant,  ibr  whose  use  and  wilderness  and  wood,  is  plentifully  stocked 
accommodation,  chiefly,  the  tenaqueous  globe  with  birds,  and  beasts,  and  numerous  species 
-WBB  Ibrmed  and  arranged.  Had  not  the  of  insects,  all  of  which  find  ample  accommo- 
Creator  intended  to  place  upon  ito  surfiice  dation,  and  every  thing  necessary  for  their 
beings  endowed  with  rational  faculties,  capa*  comfort  and  subsistence.  In  short,  every  part 
ble  of  enjoying  happiness  and  recognizing  the  of  matter  appears  to  be  peopled :  almost  every 
perfections  of  its  author,  it  is  not  probable  that  green  leaf  and  every  particle  of  dust  has  its 
it  would  have  been  created.  "  God  made  man  peculiar  inhabitants.  Not  only  are  the  larger 
in  his  own  image,"  and  "  gave  him  dominion  parts  of  nature  occupied  with  living  beings, 
over  the  fish  of  the  sea,  ov^r  the  fowls  of  the  but  even  the  most  minute  portions  of  matter 
air,  and  over  every  living  thing  that  moveth  teem  with  animated  existence.  Every  plant 
upon  tiie  earth."  After  the  light  was  formed,  and  shrub,  and  almost  every  drop  of  water, 
the  bed  of  the  ocean  prepared,  and  the  waters  contains  its  respective  inhabitants.  Their 
separated  from  the  dry  land ;  after  luminaries  number,  in  some  instances,  is  so  great,  and 
were  placed  in  the  firmament,  and  plants  and  their  minuteness  so  astonishing,  £at  thou- 
•""»M»l«i  of  all  kinds  brought  into  existence,  sands  of  them  are  connected  within  a  space 
the  world  appeared  so  magnificently  adorned  not  larger  than  a  grain  of  sand.  In  some 
that  it  might  have  been  thought  perfect  and  small  pools  covered  with  a  greenish  scum,  of 
complete.  But  aQ  nature  was  yet  destitute  only  a  few  yards  in  extent,  there  are  more 
of  sentiment  and  gratitude ;  there  were  no  living  creatures  than  there  are  human  beings 
beings  capable  of  recogni2ing  the  Power  that  on  the  surface  of  the  whole  earth. 
Ibrmed  them,  or  of  praising  the  Author  of  Multitudes  of  animated  beings  are  found  in 
their  varied  enjoyments.  The  world  was  still  situations  and  circumstances  where  we  should 
in  a  state  of  imperfection,  till  an  intelligence  never  have  expected  to  perceive  the  principle 
was  ibnned  capable  of  appreciating  the  per-  of  life.  The  juices  of  animals  and  plants, 
frcticHis  of  the  Creator,  of  contemplating  his  corrupted  matter,  excrements,  smoke,  dry 
works,  and  of  offering  to  him  a  tribute  of  wood,  the  bark  and  roots  of  trees,  the  bodies 
giatefbl  adoration.  Therefore  "God  created  of  other  animals,  and  even  their  entrails,  the 
man  in  his  own  image,"  as  the  masterpiece  dunghill,  and  the  dirty  puddle,  the  itch,  and 
of  creation,  Ubit  visible  representative  of  his  other  disorders  which  are  attended  with 
Maker,  and  the  subordinate  ruler  of  this  lower  blotches  and  pimples,  and  even  the  hardest 
world.  stones  and  rodEs,  serve  to  lodge,  and  in  some 

But  although  this  globe  was  created  chiefly  measure  to  feed,  numerous  tribes  of  living 

fer  the  residence  of  man,  it  was  not  destined  beings.    The  ttumber  of  such  creatures  ex« 

dolcfy  for  his  enjoyment    It  is  impossible  for  ceeds  all  human  calculation  and  conception, 

him  to  occupy  the  whole  of  its  surface,  or  of  There  may  be  reckoned  far  more  than  a  hun- 

the  appendages  with  which  it  is  connected,  dred  thousand  spedes  of  animated  beings, 

There  are  extensive  marshes,  impenetrable  many  of  these  spedes  containing  individuals 

feccsts,  deep  caverns,  and  the  more  elevated  to  the  amount  of  several  hundreds  of  times 

parts  of  lofty  mountains,  where  human  feet  the  number  of  the  human  inhabitants  of  our 

have  never  trod.    There  is  a  vast  body  of  globe;    It  is  supposed  by  some  that  the  tre- 

water  which  covers  more  than  two  thirds  of  mulous  motion  observed  in  the  air  during 

tibe  snr&ce  of  the  globe,  and  the  greater  part  summer  may  be  produced  by  millions  of  in- 

«if  die  atmosphere  which  surrouncb  the  earth,  sects  swarming  in  the  atmosphere;  and  it  has 

m^iich   men   caimot   occupy  as    permanent  been  found  that  the  light  which  is  seen  on  the 

abodes.     Yet  these  regions  of  our  world  are  surface  of  the  ocean  during  the  nights  of  sum- 

not  lef^  destitute  of  icdiabitants.    Numerous  mer  is  owing  to  an  innumeroble  multitude  of 

tribas  of  animals  lange  through  the  unculti-  small  luminous  worms  or  insects  sporting  in 

filed  desarts,  and  find  ample  accommodation  the  waters.    All  the  numberless  spedes  of 
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iEOioub  which  ezirt  on.  the  different  depart*  be  siippoeed  to  be  formed  for  the  eeke-  of  m 
metats  of  our  globe  are  likewiae  infinitelj  inferior.  A  skilfhl  artist  woald  never  tiunk 
divenrified  in  5ieb  forms,  organs,  senses,  of  designing  that  whieh  is  of  the  greatest  digi- 
member%  fiumlties»  movements,  and  grada-  nitj,  or  which  requires  the  utmost  predacm 
tions  of  excellence.  As  Mr.  Addison  has  and  the  nicest  mechanism,  for  the  sake  of  the 
observed,  *'  the  whole  diasm  of  nature,  from  inferior  part  of  his  workmanship.  He  does 
a  plant  to  a  man,  is  filled  up  with  divers  kinds  not  construct  the  wheels  and  pinions  of  an 
of  creatures  rising  one  above  another  by  sudi  cMreiy  for  the  sake  of  the  handle  bj  which 
a  gentle  and  easy  ascent,  that  the  little  tran-  they  are  moved,  or  of  the  pedestal  on  which 
ntions  and  deviations  from  one  species  to  the  instrument  stands ;  nor  does  he  contrive  a 
another  are  almost  insensible.  This  inter-  timepieoe  merely  for  the  sake  of  the  shell  or 
mediate  space  is  so  well  husbanded  and  case  in  which  it  is  to  be  inclosed.  In  like 
managed,  that  there  is  scarce  a  degree  of  manner,  we  cannot  imagine  that  man  was 
perception  which  does  not  appear  in  some  made  for  the  sake  of  the  brutes,  or  the  inferior 
one  part  of  the  world  of  life/'  Here  we  have  animals  for  the  sake  of  vegetabloB,  or  the  yearly 
an  evidence  both  of  the  infinite  wisdom  and  production  of  vegetables  for  the  relief  and  corn- 
intelligence  of  the  Divine  Being,  and  of  his  fort  of  the  soil  on  whidi  they  grow.  This 
boundless  goodness  in  conferring  existence  would  be  to  invert  the  order  of  the  universe, 
and  happiness  on  such  a  countless  multitude  and  to  involve  us  in  the  most  palpable  ab- 
of  percipient  beings.  surdity.  The  order  of  things  always  n«et  up* 

Since,  then,  it  appears  that  every  portion  ttroitf,  by  gentle  and  regular  degrees,  from 
of  matter  in  our  world  was  intended  for  the  inanimate  matter,  through  all  the  gradations 
support  and  accommodation  of  animated  be-  of  vegetable,  animal,  and  immaterial  existenoa, 
ings,  it  would  be  absurd  in  the  highest  degree,  till  we  arrive  at  tba  Eternal  and  Incoraprtv 
and  inconsistent  with  the  chamcter  of  the  hensible  Divinity.  Hence  it  appears  that  the 
Deity  and  his  general  plan  of  operation,  to  earth  must  have  been  formed,  not  for  itself,  but 
suppose  that  the  vast  regions  of  the  planets,  for  the  sake  of  the  vegetable,  sensitive,  and  in- 
so  exceedingly  more  expansive  than  our  globe,  tellectoal  beings  it  supports ;  and,  by  a  parity 
are  left  destitute  of  inhabitants.  Shall  one  of  reasoning,  the  planets,  most  of  whidi  am 
small  planet  be  thus  crowded  with  a  popula-  much  more  spacious  and  more  magnificently 
tion  of  percipient  bemgB  of  all  descriptions,  adorned,  must  have  been  formed  and  annanged 
and  shall  regions  four  hundred  times  more  for  the  sake  of  superior  natures, 
expansive  be  left  without  one  living  inhabit-  "  Existence,"  as  a  certain  writer  has  db- 
ant  ?  Can  the  Deity  delight  to  communicate  served,  **  is  a  blessing  to  those  beings  only 
enjoyment  in  so  many  ^ousands  of  varied  which  are  endued  widi  perception,  axid  is,  in 
forms  to  unnumbered  myriads  of  sensitive  a  manner,  thrown  away  upon  dead  matter  any 
existences  in  our  tenestrial  sphere,  and  leave  further  than  as  it  is  subservient  to  beinga 
the  noblest  planets  of  the  system  without  a  which  are  conscious  of  their  existence."  Ae- 
single  trace  of  his  benevolence  ?  Can  we  cording^  we  find,  firom  the  bodies  which  tie 
suppose,  for  a  moment,  that  while  his  unsthm  under  our  observation,  that  matter  is  only 
shines  so  conspicuous  in 'the  mechanism  of  made  as  the  basis  and  support  of  living  beinga^ 
ihe  various  tribes  of  animals  around  us,  no  and  that  there  is  little  more  of  the  one  than 
similar  marks  <^  intelligence  are  to  be  found  what  is  necessary  for  the  existence  and  the 
m  other  regions  of  the  universe  1  Such  con-  ample  accommodation  of  the  other.  The  earth, 
dasions  can  never  be  admitted,  unless  we  as  to  amplitude  of  space,  would  contain  a 
suppose  that  infinite  vrisdom  and  goodness  hundred  times  the  number  of  animated  beings 
have  been  exhausted  in  the  arrangements  it  actually  supports;  and  the  ocean  might  per- 
which  have  been  made  in  relation  to  our  haps  contain  thousands  more  than  what  ax« 
w<irkl,  or  that  the  Great  Source  of  felicity  is  found  amid  its  recesses;  but,  m  such  a  caae, 
indifferent  about  the  communication  of  hap-  they  would  not  have  free  scope  for  their  move* 
pinessi  ments,  nor  experience  all  the  comforts  and  ac- 

As  far  as  our  observation  extends^  it  appears  oommodations  they  now  enjoy, 
that  the  material  world  is  useless,  except  in  From  what  has  been  stated,  it  appears  that 
the  relation  it  bears  to  animated  and  intel-  Ae  Divine  Goodness  is  of  so  communicative  a 
lectual  beings.  Matier  was  evidently  framed  nature  that  it  seems  to  deSght  in  confeirinif 
for  the  purpose  of  mind;  and  if  we  could  sup-  existence  and  happiness  on  every  order  of  per* 
pose  that  the  vast  masses  of  matter  in  the  bea-  captive  beings,  and,  therefore,  has  left  no  pot 
vena  had  no  relation  to  mind,  they  must,  then,  connected  with  the  worU  in  which  we  ii-ve 
have  been  created  in  vain ;  a  supposition  without  its  inhabitants ;  and  that  no  creatora 
which  would  derogate  from  the  moral  charac-  capable  of  feeling  the  pleasure  of  existence 
ter  and  the  perfections  of  Him  who  is  "  the  might  be  omitted  in  the  {dan  of  benevolence^ 
only  wise  God."  A  superior  nature  cannot  there  is  an  almost  infinite  diversitv  in  ihm 
(516)  * 
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and  Older  of  perdpieiiC  exittence.    The  procaas  to  man,  by  a  parity  of  reaaonuig  we 

of  eenative  being   begins  with  those  may  suppoae  that  it  still  proceeds  gradoally 

oeataree  which  are  raised  just  above  dead  through  those  bciqgs  that  are  endowed  with 

matter.    Commendng  at  the  polypus  and  cer-  superior  &culties ;  since  there  is  an  immensely 

tain  speeies  of  shellfish,  it  ascends  if  namerons  greater  space  between  man  and  the  Deity  than 
gradations  till  it  arrives  at  man.    How  fiir  it  between  man  and  the  lowest  order  of  sensitive 

may  ascend  beyond  this  point  is  beyond  the  existence.  And  although  we  were  to  conceive 

limits  of  our  knowledge  to  determine.    Had  the  scale  of  intellediuU  existence  above  man 

only  one  species  of  animals  been  created,  none  rising  thousands  of  times  hi^er  than  that 

of  the  rest  would  have  enjoyed  the  pleasures  whidh  intervenes  between  inanimate  matter 
of  existence.    But  in  the  existing  state  of  and  the  human  soul,  still  there  would  be  an 

things;,  all  nature  is  full  of  enjoyment,  and  that  infinite  distance  between  the  highest  created 

enjoyment  endleoriy  diversified,  according  to  intelligence  and  the  Etemal  Mind  which  could 

the  nnk  and  the  percipient  powers  of  the  dif-  never  be  overpsssed.    It  is  quite  accordant 

fafent  species  of  am'mated  existence.  It  would,  with  all  that  we  know  of  the  perfections  and 

tber^otre,  be  a  reflection  on  the  goodness  as  opereti<ms  of  the  Deity  to  conclude  that  such 

well  as  (m  the  vrisdom  of  the  Divine  Being,  a  progression  of  intellectual  beings   exists 

were  we  to  suppose  that  no  traces  of  Divine  throughout  the  universe ;  and,  thoefore,  we 

beneficence  were  to  be  found  amid  the  ex-  have  reason  to  believe  that  in  some  of  the  pla- 

pansive  regions  of  the  planetary  globes.    It  nets  of  our  system  there  are  intellectual  na- 

would  Ibrm  a  peilect  amiraat  to  the  operations  tures  far  superior,  in  point  of  mental  vigour 

of  Infinite  Benevolence,  as  displayed  in  our  and  capacity,  to  the  brightest  geniuses  that 

terrestrial  system,  and  would  almost  lead  us  hive  ever  appeared  upon  earth ;  and  in  other 

to  conclude  that  the  same  Ahnighty  Agent  systems  of  creation  the  scale  of  spiritual  pio- 
did  not  preside  in  both  these  departments  of  gression    may  be  indefinitely  extended  fiur 

te  univene.    But  we  may  rest  assured  that  beyond  the  Umits  to  which  human  imagina- 

the  Deity  always  acts  in  harmony  with  his  tion  can  penetrate.    In  the  contemplation  at 

duiaeter  throughout  every  part  of  his  do-  such  scenes  of  percipient  and  intelligent  ex- 

minions ;  and,  therefore,  we  may  confidently  istence.  we  peroeive  no  boundaries  to  the 

eoodude  that  countless  multitudes  of  sensitive  prospect;  the  mind  is  overwhelmed  amid  the 

and  intellectual  beings,  fiur  more  numerous  immensity  of  being,  and  feels  itself  unable  to 

and  divendfied  than  on  earth,  people  the  pla-  grasp  the  plans  of  Etemal  Wisdom,  and  the 

netary  regions.  innumerable  gradations  of  intelligence  over  ■ 

From  what  has  been  stated  on  tiiis  subject,  which  the  moral  government  oi  the  Deity  ex- 

we  may  likewise  conclude  with  certainty  that  tends;  and,  therefore,  we  may  justly  conclude 

the  planetary  worlds  are  not  peopled  merely  wonders  of  power,  wisdom,  and  benevolence 

wi&  animal  existences,  but  also  loith  rational  still  remain  for  the  admiration  of  intellectual 

and  inteUeelual  natures.    For  the  scenes  dis-  beings,  which  the  scenes  of  eternity  alone  can 

played  in  most  of  the  planets  cannot  be  appre-  disclose. 

dated  by  mere  sensitive  beings,  nor  are  they  Intellectual  beings  may  likewise  be   dis- 

cuknlated  to  a£G>rd  them  any  gratification,  tinguished  into  those  which  are  linked  to 

Besides,  if  it  be  one  great  design  of  the  Cre-  mortal,  and  those  which  are  connected  with 

ator  to  manifest  the  glory  of  hii  perfoctions  to  immortal  bodies.    In  the  present  state  of  our 

other  beings,  none  but  those  who  are  fiir-  terrestrial    system    immortal    bodies   cannot 

nisfaed  vrith  rational  foculties  are  capable  of  exist    Had  immortality  been  intended  for 

leoognizing  his  attributes  as  displayed  in  his  man  on  earth,  Infinite  Wisdom  would  have 

works,  and  of  oflering  to  him  a  tribute  of  ad<9ted  anotfier  plan ;  for  the  constitution  of 

thanksgiving   and  adoration.    Such   intelli-  the  earth,  the  atmosphere,  and  the  waters,  is 

genoes,  we  have  every  reason  to  believe,  may  not  adapted  to  the  support  and  preservation  of 

fiur  sarpsss  the  human  race  in  their  Intel-  immortal  beings;  that  is,  of  those  intelligences 

lectual  powere  and  capacities.    There  is  an  which  inhabit  a  system  of  corporeal  organiaa- 

infinite  gap  between  man  and  the  Deity,  and  tion.  From  the  reciprocal  action  of  solids  and 

we  have  no  reason  to  believe  tfiat  it  ia  entirely  fluids,  of  earth,  air,  and  water,  Ufe  results ; 

unoccupied,    l^re  is  a  regular  gradation  and  this  very  action  continued,  according  to 

from    inanimate  matter  and  vegetativ^  life  the  laws  which  now  operate,  is  the  natural 

through  all  the  varieties  of  animal  existence  cause  ofdeath,oi  the  dissdution  of  the  corpo- 

till  we  arrive  at  man.    But  we  have  no  rea-  real  system.    But  in  other  worlds  a  system  of 

son  to  believe  that  the  ascending  scale  termi-  means  may  be  adapted  for  preserving  in  per^ 

nates  at  the  point  of  the  human  foculties,  un-  petual  activity,  and  to  an  indefinite  duration, 

less  we  suppose  that  the  soul  of  man  is  Uie  the  fimctions  of  the  corporeal  machine  which 

most  perfect  intelligence  next  to  the  Divinity,  is  animated  by  the  intellectual  princifrfe;  as 

If  the  scale  of  bebg  rises  by  such  a  regular  would  probably  have  happened  in  the  case  of 

8  X  (517) 
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man,  had  he  ratamed  his  original  mond  parity  viewed  in  all  their  hearings,  and  in  connexkni 
and  his  allegiance  to  his  Maker.  Intelligent  with  the  wisdom  and  benevolence  of  the  Di- 
beingB  may  likewise  exist  which  are  destined  vine  Being,  may  be  considered  as  arooantiii^ 
to  pass  from  one  state  of  corporeal  organiza-  to  moral  demonstraticMis  that  the  planets  and 
tion  to  another,  in  a  long  series  of  changes,  their  satellites,  as  well  as  other  departments 
advancing  from  one  degree  of  corporeal  per-  of  the  universe,  are  the  abodes  of  sensitive  and 
fection  to  another,  t31  their  organical  vehicles  intelligent  natures.  These,  however,  are  not 
become  as  pure  and  refined  as  light,  and  sus-  all  the  considerations  or  arguments  which 
ceptible  of  the  same  degree  of  rapid  motion,  might  be  brought  forward  in  proof  of  this 
The  butterfly  is  first  an  egg,  then  a  worm,  position.  Many  others,  founded  on  a  con- 
afterward  it  becomes  a  chrysalis,  and  it  is  not  sideration  of  the  nature  and  relations  of  thingSy 
before  it  has  burst  its  confinement,  that  it  and  the  attributes  of  the  Divinity,  and  par- 
wings  its  flight,  in  gaudy  colours,  through  the  ticulariy  some  powerful  arguments  derived 
air.  Man  is  destined  to  burst  his  mortal  coil,  firom  the  records  of  Revelation,  might  have 
to  enter  a  new  vehicle,  and  at  last  to  receive  been  stated  and  particularly  illustrated.  But 
a  body  **  incorruptible,  powerful,  glorious,  and  I  shall  leave  the  further  consideration  of  this 
immortal*'  Varieties  analogous  to  these  may  topic  to  another  volume,  in  which  we  shall 
exist  throughout  other  regions  of  the  universe,  take  a  survey  of  the  scenery  of  the  stairj 
If  there  are  not  in  nature  two  leaves  precisely  firmament,  and  of  other  objects  connected  with 
alike,  or  two  trees,  two  cabbages,  two  cater-  the  science  of  the  heavens, 
pillars,  or  two  men  and  women  exactly  simi-  On  the  whole,  the  doctrine  of  a  plurali^f 
lar  in  every  point  of  view  in  which  they  may  of  worids  is  a  subject  of  considerable  import- 
be  contemplated,  how  can  we  suppose  that  ance,  and  in  which  every  rational  being,  who 
there  can  be  two  planets  or  two  systems  of  is  convinced  of  his  immortal  destination,  is 
planets  exactly  alike,  or  that  the  corporeal  or*  deeply  interested.  It  opens  to  our  view  a 
gans  and  Acuities  of  their  inhabitants  in  every  boundless  prospect  of  knowledge  and  felicity 
respect  resemble  each  other  ?  Every  globe  beyond  the  limits  of  the  present  vwrid,  and 
and  every  system  of  worlds  has  doubtless  its  displays  the  ineffable  grandeur  of  the  Divinity, 
peculiar  economy,iaw8,  productions,  and  in-  the  magnificence  of  his  empire,  and  the  bar- 
habitants.  This  conclusion  is  warranted  from  monious  operation  of  his  infinite  perfections. 
«11  that  we  know  of  the  operations  of  the  Cre-  Without  taking  this  doctrine  into  account,  we 
«tor',  it  exhibits,  in  a  striking  point  of  view,  can  form  no  etmsUtent  views  of  the  character 
Ihe  depths  of  his  wisdom  and  intelligence,  and  of  Omnipotence  and  of  the  arrangements 
it  opens  to  immortal  beings  a  prospect  bound-  which  exist  in  the  universe.  Both  his  wis- 
less  as  immensity,  in  the  contemplation  of  dom  and  his  goodness  might  be  called  in 
which  their  faculties  may  be  for  ever  exer-  question,  and  an  idea  of  the  Supreme  Ruler 
cised,  and  their  views  of  the  wonders  of  Cre-  presented  altogether  different  from  what  is 
ating  Power  and  wisdom  continually  extend-  exhibited  by  the  inspired  writers  in  the  records 
ing,  while  myriads  of  ages  roll  away.  of  Revelation.    When,  therefore,  we  hfl  our 

eyes  to  the  heavens,  and  contemplate  the 

— —  mighty  globes  which  roll  around  us ;  when 

we  consider  that  their  motions  are  governed 

In  the  preceding  pages  I  have  endeavoured  by  the  same  common  laws,  and  that  they  are 

to  illustrate  the  doctrine  of  a  plurality  of  so  constructed  as  to  famish  accommodation 

worlds,  from  the  considerations  that  there  are  for  myriads  of  perceptive  existence,  we  ought 

bodies  in  the  planetary  system  of  such  mag-  always  to  view  them  as  the  abodes  of  intelli- 

mfudes  as  to  aflbrd  ample  scope  for  myriads  gence  and  the  theatres  of  Divine  Wisdom  oq 

of  inhabitants ;  that  there  is  a  general  simi-  which  the  Creator  displays  his  boundless  be- 

larity  among  all  the  bodies  of  the  system,  nefioence;  for  *'his  tender  mercies,"  or  the 

which  affords  a  presumptive  evidence  that  emanations  of  his  goodness,  '*  arc  diffused  over 

they  are  intended  to  subserve  the  same  ulli-  all  his  tuorks"     Such  views  alone  can  solve 

mate  designs;  that, connected  with  the  planets,  a  thousand  doubts  which  may  arise  in  our 

there  are  special  arraiigemenls  which  indicate  minds,  and  free  us  from  a  thousand  absurdities 

their  adtmtation  to  the  enjoyment  of  sensitive  which  we  must  othervrise  entertain  respecting 

and  intellectual  beings;  that  the  scenery  of  the  the^  Great  Sovereign  of  the  universe.    With- 

heavenSf  as  viewed  from  the  surfaces  of  the  out  adopting  such  views,  the  science  of  the 

larger  planets  and  their  satellites,  forms  a  heavens  becomes  a  comparatively  barren  and 

presumptive  proof  of  the  same  position ;  and  uninteresting  study,  and  the  splendour  of  the 

that  the  hd  that  etfCry  part  of  nature  in  our  nocturnal  sky  conveys  no  ideas  of  true  sub- 

world  is  destined  to  the  support  of  animated  limity  and  grandeur,  nor  is  it  calculated  to 

hdngs,  affords  a  powerful  argument  in  support  inspire  the  soul  with  sentiments  of  love  and 

of  this  doctrine.    These  argumentB,  when  adoration.    In  short,  there  appears  to  be  no 
(618) 
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Bcdiam  between  temaining  in  ignoranoe  of  cognized,  the  bodioi  in  the  heaTene  beeome 

•n  the  wooden  of  Power  and  Wisdom  which  the  noblest  objects  of  human  contemplation, 

appear  in  the  heavens,  and  acquiescing  in  the  the  Deity  appears  invested  with  a  character 

general  views  we  have  attempted  to  illastrate  truly  amiable  and  sublime,  and  a  prospect  ie 

respecting  the  economy  of  the  planets,  and  opened  to  immortal  being*  of  a  perpetual  in* 

their  destination  as  the  abodes  of  reason  and  crease  of  knowledge  and  felicity,  throughout 

intelligence.    But,  when  such  views  are  le-  all  the  revolutions  ofan  interminable  existence. 
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PHENOMENA    OF    THE    PLANETS  naked  eye  or  with  a  small  opera-glass.    On 

FOR  THE  YEARS  1838,  1839.  June  12  is  its  greatest  toetUm  elongation,  at 

which  time  it  is  23^  5^  west  of  the  sun,  and 

Fom  the  sake  of  Aoee  readers  who  may  is  to  be  looked  for  in  the  morning,  before 

feel  a  desire  occasionally  to  contemplate  the  sunrise,  near  the  north-eastern  part  of  the  ho- 

heavens  and  to  trace  the  motions  of  the  pla-  rizon ;  but  the  strong  twilight  at  this  season 

netary  orbs,  the  following  sketches  are  given  ^iU  probably  prevent  it  from  being  distin- 

of  the  poettions  and  motions  of  the  planets  for  guished  by  the  naked  eye.    Its  next  greatest 

two  yean  posterior  to  1887.  eastern  elongation  is  on  August  28,  when  it 

is  27^  degrees  from  the  sun.    It  will  be  seen, 

■  for  nearly  an  hour  after  sunset,  a  little  to  the 

south  of  the  weatem  point  of  the  compass,  and 

POSITIONS,  ETC.,  OT  THE  piAFETS  Tou  1838.  »  ^w  degrees  above  Ac  hori«>n.    It  may  be 

seen  dunng  ten  or  twelve  days  before  the 

1.  The  Planet  Mercury  P®"^  ^^^  '^^'  ^^  ^^^  ^^  ^^^^  ^^^^  "^' 

^  it    This  will  form  one  of  the  most  favourable 

This  planet  can  be  seen  distinctly  by  the  periods  which  occur  throughout  this  year  for 

naked  eye  only  about  the  time  of  its  greatest  observing  Mercuiy.    October  4  it  will  again 

elongation ;  and  to  those  who  reside  in  north-  be  at  its  greatest  western  elongation,  when  it 

em  ktitndes  it  will  scarcely  be  visible,  even  at  -will  be  seen  in  the  morning  in  a  direction 

soch  periods,  if  it  be  near  the  utmost  point  of  nearly  due  east    December  17  it  is  at  its 

its  southern  declination.  greatest  eastern  elongation,  but  its  southern 

The  following  are  the  periods  of  its  greatest  declination  being  then  more  than  24  degrees,  it 

elongation  for  1888 :  January  the  3d  it  is  at  will  set  in  the  8.  W.  by  S.  point  of  the  com- 

its  eoMtem  elongation,  when  it  is  \9\  degrees  pass  a  few  minutes  alter  the  sun,  and  will 

tost  from  the  sun,  uid  will  be  seen  in  the  consequently  be  invisible  to  the  naked  eye. 

evening  about  thirty  or  forty  minutes  after  The  periods  most  favourable  for  detecting 

sunset  near  the  south-west,  at  a  Httle  distance  this  planet  in  the  evenings  are  April  25  and 

from  the  point  where  the  sun  went  down.  August  23 ;  and  in  the  mornings,  February 

But  as  it  is  then  in  20^  41'  of  south  declina-  12  and  October  4.    During  the  interval  of  a 

tion,  its  position  is  not  the  most  favourable  week  or  ten  days,  both  before  and  after  the 

for  obeervBtion.    Its  next  greatest  elongation  time  of  the  greatest  elongation,  the  planet  may 

IS  on  Februaiy  12,  when  it  is  26^  IC/  to  the  generally  be  seen  in  a  dear  sky,  when  in  such 

west  of  the  sun,  and  will  be  seen  in  the  mom'  fovonrable  positions  as  those  now  stated. 
ing,  befofe  sunrise,  near  the  south-eastern 

qiiarter  of  the  horizon.    April  26  it  will  again  ««    n»         w 

be  seen  in  the  evening  at  its  eastern  elonga-  2.  7%«  Planet  Venus, 
tion,  20^  2&  east  of  the  sun,  when  it  is  in 

21^  43^  of  north  declination.    It  will  be  seen  This  planet  will  appear  as  an  evening  star 

at  this  time  alwut  15  degrees  north  of  the  during  the  months  of  January  and  February. 

western  point  of  the  horizon,  almost  immedi-  About  the  beginning  of  January  it  will  be 

ately  above  the  place  where  the  sun  went  seen  near  the  south-west  quarter  of  the  hea^ 

down.  .During  five  days  before  and  after  the  vens  a  few  minutes  after  sunset    About  the 

time  now  specified  there  will  be  fovourable  beginning  of  February  it  will  set  nearly  due 

opportunitiefl  for  detecting  Mercury  with  the  west    It  will  be  visible  in  the  evening  till 
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abont  the  S5th  of  February,  after  which  ita  right  aicenrion  17i>  46^',  and  aontfa  dediiui 

Dearnesa  to  the  aun  will  prevent  it  from  being  tion  4^^.    It  will  be  on  the  meridian  at  mid- 

diotinguiahed.    Throughout  the  whole  of  ita  night,  at  an  elevation  of  33|  degreea  above 

course  during  theae  two  montha  it  will  appear  the  aonthem  horizon, 

of  the  figure  of  a  creaoent  when  viewed  with  Neither  Cere$  nor  PaUoB  will  be  in  (^po«- 

a  telescope,  and  the  crescent  will  appear  most  tion  to  the  son  during  this  year.    « 
slender  about  the  end  of  Februaiy  (aee  Figi 

12,  p.  38.)    On  March  5  it  passes  its  inferior  5.  Tfte  Planet  Jupiter, 

conjunction  with  the  sun,  after  which  it  will  rm.-     t      ^    •»       ^ 

be  no  longer  seen  ui  the  oTeninga  for  the  space  ^^  planet  wifl  make  a  very  conspicuous 

of  ten  months.    It  then  becomes  a  morning  aPP^^^c^  m  the  heavens  duiu^f  the  wmter 

star;  and,  about  eight  days  after  i^  conjunct  f  **  "P™?  ".??*^«-    ^.^^,*^t  bcgmnmg  of 

tion,  wUl  be  seen  in  the  moiTUnff,  before  sun-  Jap^'y  it  will  nse,  a  httle  to  the  northof  the 

rise,  a  UtUe  to  the  south  of  the  eastern  pcnnt  "^^  P?f  of  the  honzon,  a  few  minutes 

of  the  horizon.    From  this  period  tiU  n«ithe  «;fter  ten  o  dock  m  the  evenmg,  and  will  pass 

middle  of  May  it  wiU  apil^r  of  a  ciesoent  ^^T^fi^iV''  *?TJ**'''  °^  ?^*  ^^«^^ 

form.    Its  greatest  briUiahcywUl  be  on  April  f bout  half  j»rt  four  m  the  mommg.    About 

10;  ito  greatest  elongation  fiom  the  sun  on  ?»«  middle  of  Febniary  it  vnU  rise  about  seven 

May  14,  when  it  wiU  appear  of  nearly  the  in  the  evemng,  nearly  m  the  same  direction, 

form  of  a  half  moon,  andUs  mperiar  con-  "^^  will  come  to  the  meridian  about  half  pairt 

junction  on  December  18,  soon  after  which  it  ?"*  "^  ^^  T^'^«'    ^.""^5  ?®  months  of 

WiU  again  be  seen  as  an  evening  star.  ?"JJf »^  ^^  February  it  ,wiU  be  «een  either 

The  brilliancy  of  this  planet  is  such  that  it  ">.i*;f  evenings  or  the  mommgs.    About  the 

can  scarcely  be  mUtaken  by  any  observer,  noddle  of  January  it  wdl  be  seen  m  a  soufli- 

especially  when  ita  position  in  the  heavens  is  "^^^^^  direction,  about  na  o'clodi  in  tbs 

pointed  out  mommg.    From  the  begmnmg  of  March  till 

the  end  of  August  it  will  be  seen  in  the  even- 
ings without  interruption  when  the  sky  is 

8.  TJie  Planet  Mara.  dear.    On  the  22d  September  it  is  in  conjnnc- 

_..      .           ...          ,            ,        .     ,  tion  with  the  sun,  but  it  will  seldom  be  noticed 

This  planet  will  not  be  much  noticed  by  fo,  a  month  before  this  period.    During  the 

common  observers  tiU  near  the  end  of  the  year,  months  of  November  and  December  it  will  be 

About  the  begmnmg  of  March  it  18  moonjuno-  again  seen  in  the  east,  only  in  the  morning, 

tion  with  the  sun,  when  it  is  furthest  from  the  gome  time  before  the  rising  of  the  sun. 

ewth,  about  a  month  or  two  before  and  after  This  planet  can  scarcely  be  mistaken,  as  it 

which  pcnod  It  is  scarcely  distinguisluible  from  i.  next  to  Venus  in  apparent  magnitude  and 

a  small  star.    From  April  to  December  it  wiU  .plandour.    It  will  appear  most  brilliant  about 

be  vwible  only  m  the  mormng,  m  an  ewterly  the  beginning  of  Mardi,  when  it  is  in  oppoai- 

direction ;  but  its  appar^t  size  wiU  gradually  tion  to  the  sun,  and  its  satelUtes  and  bduTwill 

*^T?^^  ^u  ^^  5^  ^"^  y"^/;   ^*  *!  ^u"*"  Prewnt  an  interesting  sight  when  viewed  with 

guished  from  the  fixed  stars  and  from  the  other  a  good  telescope.    At  present  (November  22, 

pUnets  by  ita  ruddy  appearance.  i837,)  four  bdts,  nearly  equidistant  from  eadi 

other,  are  distinctly  visible  wUh  a  power  of  200 

4.  The  Planet$  Vesta,  Juno,  Ceres,  and  f^    Their  appearance  is  very  ncMxly  simi- 

Palku,                   '  lar  to  what  is  represented  m  Fig.  56,  p*  81, 

so  that  a  considerable  change  has  taken  place 

These  planets  are  not  perceptible  by  the  ^^  ^^i'  appearance  since  last  June,  when  they 
naked  eye.  The  best  time  for  observing  them  <ippeared  nearly  as  in  Fig.  52,  p.  77.  At 
with  telescopes  is  when  they  are  at  or  near  ^<^t  time  the  middle  belt  was  the  only  one 
the  period  of  their  opposition  to  the  sun,  when  ^^ily  perceptible,  while  the  other  two»  at  the 
they  are  nearest  the  earth,  and  even  then  it  north  and  south  extremities,  appeared  ex- 
will  be  difficult  to  detect  them  without  the  as-  tremely  faint  and  obscure.  At  present  all  the 
nstance  of  transit  or  equatorial  instruments.  ^'^^^  ^^  ^^  distinctly  marked. 

Vesta  will  be  in  opposition  to  the  sun  on 

the  29th  December,  its  right  ascension  being  a    frh»  m^^  js»*,.^ 

6^  9V  47".  and  it»  declination  22«  4J'  north.  ®*  ^^  ^**^  ***^ 

At  midnight  it  will  be  due  south,  at  an  eleva-  This  planet  passed  its  conjunction  with  the 

tion  of  60  degrees  above  the  horizon,  m  the  sun  on  the  12th  November,  1837.    Prom  &e 

latitude  of  52  degrees  north,  about  15  degrees  beginning  of  the  year  till  about  the  middle  of 

to  the  south-west  of  the  star  PoUux,  and  7i  April  it  will  be  visible  diiefly  m  the  monunga. 

degrees  north  of  Gamma  Gemini.  On  the  first  of  January  it  will  rise  near  the 

Juno  is  in  opposition  on  the  17th  June,  in  south-east,  about  twenty  mijiutes  past  four  in 

(520)  ^                ■ 


APPENDIX.  179 

iIm  manckig,  and  wUl  p«n  the  meridjan  about  most  be  made  for  the  time«  of  risuig,  and  tha 
foKty-fA^  minutea  past  eight,  at  an  elevation  altitudes  which  are  here  specified.  To  those 
of  SI  degfeea  above  the  southern  horizon.  On  who  reside  in  lower  latitudes  than  fifty-two 
the  first  of  April  it  will  rise  at  half  past  ten  degrees,  the  altitudes  of  the  different  bodies 
in  the  evening,  and  about  midnight  will  be  will  be  higher^  and  to  those  in  higher  latitudes 
seen  near  the  aouth-^ast  about  10  (v  12  degrees  the  altitudes  above  the  horizon  will  be  huxr 
above  the  horizon.  From  this  period  Saturn  than  what  is  here  stated, 
will  be  visible  in  the  evenings  till  near  the 

end  of  October,  rising  eveiy  evening  at  an  . 

earHer  hoar  than  on^  preceding.    On  the 

16th  Maj  it  is  in  opposition  to  the  sun,  when     PHENOMENA  OF  THE  PLANEl  8 
it  vrili  rise  near  the  south-east  at  half  past  FOR  1839. 

seven,  and  come  to  the  meridian  at  midnight 

During  the  months  of  August,  September,  and  1 .  Mercury, 

October,  it  vrill  be  aeen  c^efly  in  the  wuth'       ^  *  ^        ^  i         .        ^   . . 

tees^  ({uaxter  of  the  heavens  after  sunset,  at  a  ,  Thb  greatest  wt^tem  ekm^Oum  of  this 
■men  elevation  above  the  horizon.  ItwiUbe  ?»?»«»  ^apPfns  on  tibe  86th  of  January,  when 
very  perceptible  during  September  and  Octo-  ^*  "  ^  ^^  ^"^  "^  ?^TV  '*  ^^  ^  "^f** 
her,  on  account  of  its  low  altitude  at  sunset  »^^  9^  aouOi^  a  little  before  seven  m  the 
It  will  be  in  conjunction  vrith  the  sun  on  the  ™om»ng*  On  the  seventh  of  Apnl,  and  a 
34th  November.  ^^  "^7'  before  and  after  it,  it  wtU  be  seen  in 

This  planet  ii  not  distinguished  for  its  bril-  *e  «»»»»  m  a  direction  west  by  norU^  On 
Kaucy  to  the  naked  eye,  though  it  eihibits  a  «»•  24th  of  May  U  will  be  seen  m  the  mom- 
beautiful  appearance  through  the  telescope.  It  ^^«*  ^^  *  direction  a  httle  to  the  north  of  the 
is  of  a  dull  leaden  colour,  and  is  not  easily  ^^"J  Pjuit,  before  sunnse.  Its  next  elonga- 
distinguished  fiom  a  fixed  star  except  by  the  !*®?  ^^  hAp^ea  on  the  fifth  of  Augnst,  when 
steadiness  of  its  ligh^  never  presenting  a  '* "» twenty^ven  and  one-^  degrees  dis. 
twinkling  appearance  as  the  stars  do,  and  from  5^.°!°™  ™  '^'  ^J.  V^  P©nod,  and  a 
which  ciicumstance  it  may  be  distinguished  «>rtn»«o^  ^fore  and  a  httle  after,  it  will  be 
from  neighbouring  stars.  The  best  times  for  f^en  near  the  west  point,  or  a  Uttle  north  of 
telescopic  obeervations  on  this  pUuiet  wiU  be  «V«bout  nine  o  dockm  the  evenmg  or  a  few 
in  the  months  of  April  and  May,  when  its  ^^"^^  ^^™  »]:  P^7?^^  *?.  »  fi^^owable 
ring  will  appear  nearly  as  represented  in  Fig.  opportnwty  for  dutmguidimg  this  planet  with 
63,  p.  91,  "Mr  ^    the  naked  eye.    It  will  be  agam  seen  m  the 

morning,  about  five  o'clock,  a  little  to  the  north 
7.  JHe  Planet  Uranw.  ^^  *®  ®*^  point,  on  September  18.    Its  next 

greatest  elongation  will  be  on  the  30th  of  No- 
This  planet  is,  for  the  most  part,  faivisible   'Member,  when  it  will  appear  in  a  direction 
to  the  naked  eye.  The  best  time  for  detecting   south-west  by  south  about  the  time  of  sunset 
it,  by  means  of  a  telescope,  is  when  it  is  at  or   "^^  ^U  be  a  very  unfavourable  position  for 
near  the  period  of  its  opposition  to  the  sun,   attemptmg  to  distin^ish  Mercury.    It  passes 
vriiich  happens  on  the  3d  September.  At  that   ^  inferior  conjunction  with  the  sun  on  the 
time  it  passes  the  meridian  at  midnight,  at  an    ^^^  December, 
elevation  of  about  80|  degrees  above  the  hori- 
zon.   It  is  situated  nearly  in  a  straight  fine  2.  Vmu», 
between  the  star  Fomalkaut  on  the  south  and 

Mdrkab  on  the  north,  being  nearly  in  the  mid-  This  planet  will  be  an  evening  star  firom 
die  of  the  line,  about  22  J  degrees  distant  from  the  beginning  of  the  year  till  6th  October, 
each.  It  is  in  the  neighbourhood  of  several  when  it  passes  its  inferior  conjunction  with  the 
smaU  telescopic  stars.  On  account  of  its  slow  sun.  It  will  not,  however,  be  much  noticed 
motion,  its  position  in  respect  to  the  above  till  about  the  beginning  of  March,  on  account 
Stan  will  not  be  much  altered  ibr  a  month  or  of  its  nearness  to  the  sun  and  its  southern 
twa  On  the  1st  November  it  passes  the  declination.  It  vrill  appear  most  brilfiant 
meridian  at  eight  o'clock  in  the  evening.  Its  during  the  months  of  May,  June,  July,  Au- 
fvfit  OBeension,  or  distance  from  the  first  point  gust,  and  beginning  of  September,  when  it 
of  Aries,  is  then  22^^  42^,  and  its  declination  will  be  seen  at  a  considerable  elevation  in 
9*  4'  south.  the  western  and  north-western  quarter  of  the 

heavens  a  few  minutes  after,  sunset    About 

N.  B^-*]hi  the  above  statements  the  obser^   the  middle  of  October,  or  a  few  days  before,  it 

«ar  is  supposed  to  be  In  fifty-two  degrees  norSi   vrill  appear  lis  a  morning  star  near  the  sociM* 

hiitnde.    In  places  a  few  degrees  to  the  north   eastern  quarter  of  the  sky,  and  will  continue 

er  sooth  of  thiB  latitude,  a  certain  aUowanoe   as  a  morning  star  till  near  the  end  of  the  year 
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180  CELESTIAL  8CENERY. 

3.  Man*  and  will  be  neo  near  the  aoatli-Mfltpart  of  die 

During  the  month,  of  Pebnitry,  March,  and  '^'"^  'JTI.*^*'!  ^  •*'*'"'  ^^^^ 
April.  tt£  pluKt  will  appear  ii  it.  g»4tert  f*  O"  '^i*  ^'^''  "J!  "hir^" 
lakral    It  ^11  be  in  oppIiSition  to  the  .uu  on  *•  "°"j  "»««>'»"««  «•»»»  »>««fj»*  «. 

the  I2th  March,  at  wuSTperiod  "  »  «»»«»  '^ISf.'^i  ""Z,^  '^  J'?™'^,*'^*  """^ 
to  the  earth,  «id  will  appetTtwenly-five  time,  "f^''    From  &"  penod  U  wiU  f«j»i 


eon* 
the 


larger  in  nir&ce  than  iii  the  opporite  part  of  n*cuoj»object  m  the  evenmg  Ay  hit  near 
itooibit    At  thi.  period  itwiUril»abolBrh.lf«"^°[,,fj^««^-    \""r?,  ^^j^J^'- 
paat  five  in  the  ev^ing,  a  Uttle  to  the  north  of  ^??  !"*  '^*  ^^  "  *«  ,^  ^^' »?" 

&.«»<  point,  and  wUl  come  to  the  meridian  S^^*  "  T^  ^  "??  ^1"  t  "Till'' 
-4      :j--  u*     *         »uu»j»  *<•  «.-»„  A,^  j^   throughout  the  month  of  December  and  the 

iT^f^n  i!^^^^  *^„^S.l  fi^  latter  put  of  November.  On  the  20th  M»ch, 
£*^  i  J^  be  eaaly  dirtingmjhed  from  ^^^^^^^  •„  ^  „„„««.  dl  the  ntellitt^ 
th.ne«hbourmg^^Uj|«eMdrt.j^^^  ^  Jupiter  wiU  appear  onAe  e.*,  or  right 

!SrT^ ;-  .  ^ST  .w^^i^'J^  b""!  ^  "f  the  pEet,  in  the  ^  of  2wr 
Will  appear  m  a  direction  about  twenty-two    ,.  .     _  i.        »  *^.*        mu^  u 

degreJi\»uth^»*ofMai*  Prom  the  month  *f^  J""" '"P*"".  ^  T°". '?!i;iT" 
of  May  tiU  the  end  of  the  year  Mar.  WiU  be  ~»  "»"  'T^""  '^/C  '«J^  ^^^. 
viable  in  the  ev«>ing.,  but  it.  apparent  «e  S,""«~  part  eight,  uid  80th  Sq>lember,  at 

will  be  gradually  diminiBhing,  and,  on  account  '*''' 

of  its  southern  declination,  will  not  be  much  ^   SaturtL. 

noticed  after  the  month  of  September.  On  the  e»aturru 

19th  July,  at  forty-six  minutes    past  nine  This  planet  will  be  visible  only  in  the  morn- 

o'dock  in  the  evening,  Mars  and  Jupiter  will  ing  during  the  months  of  January,  February^ 

be  in  conjunction,  at  which  time  Mara  will  be  and  March,  and  will  then  be  seen  towards  the 

one  degree  and  a  half  to  the  south  of  Jupiter,  southern  and  south-eastern  parts  of  the  sky. 

They  will  then  be  seen  near  the  western  On  the  first  of  Febraaiy  it  will  rise,  about 

point,  at  a  small  elevation  above  the  horizon,  balf  past  two  in  the  morning,  near  the  south- 
east, and  will  come  to  the  meridian  at  forty- 

4.  VestOf  Juno,  Cerea,  and  PaUat,  nine  minutes  past  seven,  at  an  elevation  of 

.,.      ^     ,  eighteen  degrees  above  the  horizon.    On  the 

Jttwo  arrives  at  its  opponfaon  to  tb^  sun  on  fi„t  ^f  April  it  wUl  rise  at  forty-two  minutes 

the  12th  October,  at  lb  ^  p.ic.    It  passes  ^^  eleven  in  the  evening,  and  wiU  pass  the 

the  meridian  at  midni^^  or  at  12^  2  J',  at  an  meridian  a  few  minutes  before   four  in  the 

altitude  of  340  21',  and  is  then  about  twelve  n«^ing.    ft  will  be  in  opposition  to  the  son 

iT^  "^^  ""^  .*?  ^  ^"^    ^t^/*^"^  on  the  29th  May,  when  it  wUl  rise  in  the 

30  39  south,  and  nght  ascension,  l"*  26'.  aouth^east  at  forty-five  minutes  past  seven 

Fallas  IS  m  opposition  to  the  sun  Aprfl  1,  ^^^^^  ^^  ^j  ^^  ^  meridian  at  midniofat, 

at  T"  KK  A.sr.    Right  ascension  13^  12'  42".  ^t  an  altitude  ofdghteen  and  a  half  degrees 

DecUnaUon  140  21' fwr/A.    It  passwthe  me-  above  the  southern  point  of  the  horizon.  This 

ndian  at  midnight,  at  an  elevation  of  62°  22'.  ^^  j^  ^  favourabirow»rtumty  for  viewing 

It  wiUthen  be  about  fourteen  degrees  south-  jtg  Hng  with  good  telescopes,  when  it  wiU  ap- 

w^  from  the  bright  star  Ardurus.  pear  neariy  in  its  fiiU  eitent,  as  represented 

Cer«  IS  m  opposition  April  6   at  7^  8'  ^ig.  66,  p.  91.    From  this  period    Saturn 

'•''.•    ^^Ll^T""  T^^    ^   t^  *    ^^'  ^U  genendly  be  visible  in  thVevcning  tfll 

naUon  70  64'  n(w/A.    It  pasjes  the  meridian  about  the  end  of  October,  when  its  low  alti- 

at  midnight,  at  an  altitade  of  nearly  forty-six  ^^  ^^^  its  proximity  to  the  sun,  wUl  pre- 

degrees.    It  will  then  be  seen,  by  means  of  a  vent  ite  being  distinguished  by  the  naked  eye. 

telescope,  at  about  twelve  degrees  south-west  About  the  middle  of  August,  at  nine  o'clock 

fromAreturus.  ,  in  the  evening,  it  will  be  seen  near  the  sooth- 

The  planet  Veste  is  not  m  opposition  to  the  ^est  at  a  smaU  elevation  above  the  horizon, 

suiv  this  year.  It  ^yi  1,^  j^  conjunction  with  the  sun  on  the 

-    -     .  fifth  December,  after  which  it  will  be  invisible 

6.  JupUer.  ^  ^^  ^^^  eye  tiU  the  beginning  of  1840. 

During  the  months  of  January  and  Febra-  ^^ 

ary  thb  planet  will  be  chiefly  seen  in  the  ^'  *^«w^« 

morning.   On  the  12ih  January  it  rises  about  This  planet  will  be  in  oppoaitioa  to  die 

midnight,  a  little  to  the  south  of  the  eastern  sun  on  the  7th  of  September,  at  30  ininutes 

point  of  the  horizon,  and  comes  to  the  meri-  past  seven  in  the  evening.    Right  aaoemdon 


dian  at  forty  ininutes  past  five  in  the  morning,  23'>  4',  or  346°  east  from  the  point  of 

at  an  altitude  of  about  thirty-two  degrees.  On  reckoned  on  the  e<iuator.    South  dedination 

Ae  12th  March  itrises  ft  eight  in  the  evening,  6°  62}'.    It  will  come  to  the  meridian  at 
(622) 
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midiugiit  at  vq  eleration  of  31^  8'  above  the  form  common  observers  as  to  the  seasons  of 

horizon.    At  this  time  it  is  in  the'  immediate  the  year  when  the  different  planets  may  be 

vkanity  of  the  star  Phi,  Aquarii.    On  the  seen,  and  the  quarters  of  the  heavens  t6  which 

25th  cdf  Ang^oflt,  at  20  minutes  past  one  in  the  they  are  to  direct  their  attention  in  order  to 

monung,  it  is  in  conjunction  with  this  star,  distinguish  them. 

being  oo^  15',  or  one  quarter  of  a  degree  to  It  may  not  be  improper  to  observe,  that 
the  north  of  it,  at  which  time  the  planet  and  the  planets  in  general  cannot  be  distin- 
the  star,  if  viewed  with  a  telescope  of  mode-  gnished  by  the  naked  eye  for  about  a  month 
rate  power,  will  both  appear  in  the  field  of  before  and  after  their  conjunctions  with  the 
view.  The  months  of  August,  September,  Oo-  sun,  except  Venu9,  which  may  frequently  be 
tober,  and  November  will  be  the  most  eligible  seen  within  a  week  before  and  after  its  infe^ 
periods  for  detecting  this  planet  with  the  tele-  rior  conjunction.  But  this  planet  will  some- 
scope.  On  the  IstofNovember  it  passes  the  times  be  invisible  to  the  naked  eye  for  a 
meridkn  at  16  minutes  past  eight  in  the  even-  month  or  two  after  its  superior  conjunction 
mg,  at  an  altitude  of  30|  degrees.  with  the  son. 

Should  the  above  descriptions  of  celestial 

N.Bd — ^The  preceding  descriptions  of  pla-  phenomena  prove  acceptable  to  general  read* 

netarr  phenomena  are  d^iefly  intended  to  in-  ers.  they  may  be  continued  in  future  years. 
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PREFACE. 


Tbb  iaToaiable  reception  which  the  volame  entitled  "  Celsstial  Scenbrt'*  has 
met  with  from  the  public,  both  in  Britain  and  America,  has  induced  the  Author  to 
extend  his  surrey  to  other  sublime  scenes  connected  with  the  science  of  Astronomy 
Hie  chief  object  of  the  work  alluded  to  was  to  illustrate,  more  fully  than  had  pre- 
Tionsly  been  attempted,  the  scenes  connected  with  the  planetary  system.  In  the 
present  volume,  the  Author  has  directed  the  attention  of  his  readers  to  scenery  of  a 
still  more  elevated  and  sublime  description,  connected  with  the  '*  Sidereal  Heavens." 
All  the  facts  related  to  this  subject,  which  can  be  considered  as  interesting  to  gene- 
ral readers,  have  been  particularly  detailed,  and  in  such  a  manner  as  to  be  generally 
comprehensible  by  those  who  have  little  knowledge  of  mathematical  science,  or  the 
more  abstruse  parts  of  astronomy. 

In  describing  such  sublime  scenes  as  are  here  unfolded,  the  Author,  as  on  former 
occasions,  has  freely  indulged  in  such  remarks  and  moral  reflections  as  were 
naturally  suggested  by  the  grandeur  of  his  subject ;  and  has  endeavoured  to  lead 
the  minds  of  his  readers  ta  the  contemplation  of  the  attributes  and  the  agency  of 
that  Almigh^  Being,  by  whom  the  vast  system  of  universal  nature  was  at  first 
brought  into  existence,  and  by  whose  superintending  care  it  is  incessantly  conduct- 
ed in  all  its  movements. 

•  * 

The  subject  of  a  plurali^  of  worlds  has  been  resumed,  and  additional  arguments, 
both  from  reason  and  revelation,  have  been  brought  forward  so  as  to  exhibit  this 
position,  not  merely  as  conjectural  or  highly  probable,  but  as  susceptible  of  moral 
demonstration.  For  the  gratification  of  amateur  observers  possessed  of  telescopes, 
particular  descriptions  have  been  given  of  the  posiiiom  or  some  of  the  more  remark- 
able phenomena  in  the  sidereal  heavens,  that  they  may  be  induced  to  contemplate 
them  with  their  own  eyes.  For  a  similar  reason  the  Author  has  described  the 
Torious  aspects  of  the  heavens  throughout  the  year,  and  the  position  of  the  planets 
for  1840  and  1841.  As  the  subject  of  cojneU  was  unavoidably  omitted  in  the  pre- 
cedmg  volume,  the  author  has  condensed,  in  the  concluding  chapter,  the  greater 
part  of  the  facts  which  have  been  ascertained  respecting  the  nature,  phenomena,  and 
influence  of  those  anomalous  bodies. 

It  was  originally  intended,  had  the  limits  of  the  present  volume  permitted,  to 
direct  the  attention  of  the  student  to  other  subjects  related  to  the  scenery  of  the 
heavens,  and  to  the  construction  and  application  of  some  of  those  instruments  which 
are  devoted  to  celestial  observations.  Should  the  work  now  published  meet  with 
a  fiivourable  reception,  the  Author  intends — in  a  smaller  volume  than  the  present-^ 
to  elucidate  some  of  the  subjects  to  which  he  alludes,  especially  the  following  :— 
the  construction  and  use  of  optical  instruments,  particularly  the  reflectipg  and  achro- 
matic telescope,  and  the  equatorial.    As  the  Author  has  performed  a  great  variety 
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of  experiments  in  relation  to  such  instniments,  he  hopes  to  hare  it  in  his  power  to 
suggest  some  new  and  useful  hints  in  reference  to  their  construction  and  improve- 
ment. The  doctrine  of  eclipses  and  occultations,  the  precession  of  the  equinoxes, 
&c.*— the  construction  of  ohserratories,  and  the  manner  of  using  astronomical  instru- 
ments,—the  denderata  in  astronomy,  and  the  means  hy  which  the  progress  of  the 
science  may  he  promoted,— the  practical  utUity,  physical  and  moral,  of  astronomi- 
cal studiesj-^their  connexion  wiUi  religion,  and  the  views  they  unfold  of  the  attri- 
butes and  the  empire  of  the  Creator,  with  several  other  correlative  topics,  will  like- 
wise be  the  subject  of  consideration.  The  whole  to  be  illustrated  with  appropriate 
engravings,  many  of  which  will  be  original. 

Bboughtt  Ferry,  near  Dundsb,  > 
January  24, 1840.  ) 
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SIDEREAL  HEAYENS, 


INTRODUCTION. 

Iv  •  woik  lately  published  under  the  title  and  splendour  of  the  1]^es  thej  contain, 

of  **  CxLXSTi  AL  8cx2rxRT,"  I  endeavouTed  to  The  telescope  has  enabled  us  to  penetrate  the 

exhibit  a  pretty  fiiU  display  of  all  the  promi-  vast  spaces  of  the  nniverse,  and  has  opened  a 

nent  fiicts  connected  with  the  motions,  dis-  vista  through  which  thousands  of  suns  and 

tances,  magnitudes,  and  other  phenomena  of  systems  are  distinctly  beheld,  which  would 

the  planets,  both  piimaiy  and  secondary,  and  otherwise  have  been  for  ever  veiled  from  the 

of  the  observations  and  reasonings  by  which  view  of  mortals.    It  has  extended  the  bound- 

they  are  supported.    These  bodies  forming  a  aries  of  our  vision  thousands  of  times  beyond 

part  of  the  solar  system  to  which  we  belong,  its  natural  limits,  and  collected  the  scattered 

and  lying  within  the  limits  of  measurable  dis-  rays  of  light  from  numerous  distant  orbs, 

tanoe,  can  be  more  distinctly  surveyed,  and  which,  without  its  assistance,  would  never 

their  magnitudes  and  other  phenomena  more  have  entered  our  eyes.    It  has  served  the 

accumtely  investigated,  than  those  of  the  re-  purpose  of  a  celestial  vehicle  to  carry  us  to- 

moCer  orbs  of  the  firmament.    Hence,  in  con-  wards  the  heavens,  and  has  produced  the  same 

sequence  of  the  accurate  observations  of  mo-  efiect  on  our  visual  powers  as  if  we  had  been 

dern  times,  we  can  now  speak  with  a  degree  actually  transported  thousands  of  millions  of 

of  certainty  and  precision  respecting  tibeir  miles  nearer  Uie  unexpl<nred  territories  of  cre- 

oider  and  anangement,  their  periodical  revo-  ation.    Guided   by  this    noble    instrument, 

lotions,  their  distances  from  the  sphere  we  scenes  and  objects  have  been  disclosed  to  view 

occupy  and  from  the  centre  of  the  system,  of  which  former  generations  could  form  no 

their  real  bulk,  the  appearance  of  their  sur^  conception,  and  which  lead  the  reflecting 

fiMses,  and  the  objects  which  diversify  their  mind  to  the  most  elevated  views  of  the  per- 

respective  firmaments.    But  when  we  pass  fections  of  the  Deity,  and  to  the  most  expan- 

the  boundary  of  the  planetary  sjrstem,  and  sive  prospects  ofthe  grandeur  and  magnificence 

attempt  to  explore  the  orbs  which  lie  beyond  of  his  empire. 

it,  we  have  to  travel,  as  it  were,  through  dark       For  a  considerable  period  alter  the  true 

and  pathless  reg^ions,  we  have  to  traverse  an  system  of  the  world  was  recognized,  astrono- 

immense  interval  whidi  has  hitherto  baffled  mors  were  disposed  to  consider  the  stars  as  so 

all  the  eflbrts  of  human  science  and  ingenuity  many  insulated  luminaries,  scattered  almost 

to  determine  its  extent     The  fixed  stars  lie  at  random  throughout  the  vast  spaces  of  the 

completely  beyond  the  dominions  of  the  sun ;  universe.    Having  engaged  in  no  very  extern 

they  feel  not  his  attractive  influence,  they  re-  »itfe  surveys  of  the  celestial  vault,  and  resting 

volve  not  around  him  as  a  centre,  nor  are  contented  with  the  idea  that  the  stars  were 

they  entightened  by  his  efiulgenbe.    It  fol-  so  many  suns,  dispersed  in  a  kind  of  magni- 

iows  that  our  knowledge  of  those  remote  lu-  fioent  confusion  through  the  immensity  of 

Banaries  most  be  extremely  imperfect,  and  space,  they  seemed  to  have  formed  no  con- 

oor  views  of  the  distant  regions  in  which  caption  of  any  specific  difference  in  the  na- 

they  are  placed  oompezatively  limited  and  ob-  ture  of  these  bodies,  or  of  any  systematic  ar 

■cure.  rangement  as  existing  among  them.    Hence 

But    notwithstanding   the    immeasurable  it  happened  that  no  discoveries  of  importance 

distance  of  the  starry  regions,  and  the  limited  were  made  in  the  region  of  the  stars,  from 

nature  of  human  vision,  we  are  not  altogether  the  time  of  Huygens  and  Cassini  till  near 

ignoraDt  of  those  remote  and  unexplored  do-  the  latter  part  of  the  eighteenth  century ;  so 

of  Oimiipolenoe»  or  of  the  magnitude  that  a  whole  century  elapsed  without  mat»* 

St  a  (53^  (9) 
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mOj  enlsfging  our  views  of  the  pidereal  hea-  and  from  the  attention  which  has  lately  been 

tens,  and  of  the  Tariety,  order,  and  arrange-  paid  to  this  mibject,  and  the  ardoor  with  which 

nent  of  the  numerous  bodies  whiqh  every  it  is  now  prosecuted  in  different  parts  of  the 

portion  of  those  expansive  regions  presents  to  world,  we  have  reason  to  expect  that  new 

view.    During  the  last  sixty  or  seventy  years,  scenes  of  divine  wisdom  and  omnipotence 

tile  attention  of  astronomers  has  been  more  will  be  gradually  unfolding,  and  new  and  in- 

parUcuIarly  directed  to  sidereal  observations ;  teresting  results  deduced  from  the  nocturnal 

and  among  those  who  have  laboured  with  labours  of  those  who  have  devoted  themselves 

success  in  this  department  of  astronomical  to  celestial  investigations.    To  what  extent 

investigation,  the  late  Sir  William  Herschel  our  knowledge  of  the  objects  of  this  science 

stands  pre-eminent    Fired  with  a  noble  zeal  may  yet  readi,  it  is  impossible  for  us  to  anti- 

for  the  improvement  of  his  &vourite  sdenoe,  cipate.    The  objects  in  the  heavens  present 

and  for  the  enlargement  of  his  views  of  the  a  scene  which    is    absolutely  boundless^ — 

distant  regions  of  creation,  he  set  to  work  which  all  the  generations  of  men  that  may 

with  enthusiastic  ardour,  and  constructed  with  arise  till  the  termination  of  our  terrestzial 

his  own  hands  telescopes  of  a  size  and  mag^  system  will  never  be  able  fully  to  explore;  a 

nifying  power  &r  superior  to  what  had  ever  scene  which  vtIII  doubtless  engage  the  stu^ 

before  been  attempted.    Mounted  on  the  top  and  contemplation  of  numerous  orders  of  in- 

of  his  forty-feet  reflecting  telescope,  he  not  tellectual  beings  throughout  all  the  revolutions 

only  discovered  new  bodies  within  the  limits  of  eternity. 

of  the  planetary  system,  but  brought  to  light  In  the  following  work,  I  propose  to  gtva 
innumerable  phenomena  in  regions  of  the  only  a  very  condensed  view  of  the  leading 
firmament  where  the  eye  of  man  had  never  objects  which  hove  been  lately  discovered  in 
before  dared  to  penetrate.  He  explored  the  the  sidereal  heavens.  The  facts  in  relation 
Milky-way  throughout  all  its  profundities,  to  this  subject  will  be  selected  chiefly  from 
and  foimd  that  whitish  zone  of  the  heavens  the  oliservations  of  Sir  W.  Herschel,  and  se- 
to  consist  of  a  multitude  of  stars  "  which  no  veral  other  astronomers,  and  some  of  them 
man  could  number,"  fifty  thousand  of  them  from  personal  observation.  Most  of  the  facts 
having  sometimes  passed  through  the  field  of  to  which  I  allude  were  ascertained  by  Sir  W. 
his  telescope  in  the  space  of  an  hour.  During  Herschel  by  means  of  telescopes  of  great  size 
the  coldness  and  profound  silence  of  many  and  power,  and  a  considerable  number  of  the 
slceplcM  nights,  he  surveyed  almost  every  double  and  triple  stars,  stellar  and  planetary 
portion  of  the  celestial  concave,  and  discover-  nebuls,  and  other  phenomena,  cannot  be  per- 
ed  more  than  two  thousand  TiebulsSf  or  stany  ceived  with  instruments  of  an  ordinary  size, 
r^stems,  of  various  forms  and  descriptions.  Certain  interesting  ffu:ts,  too,  particularly  with 
along  with  multitudes  of  double,  triple,  and  regard  to  the  motions  of  double  stars,  have 
quadruple  stars  which  had  formerly  been  un-  lately  been  brought  to  Kgfat  by  the  observa- 
known,  and  ascertained,  from  the  change  of  tions  of  Sir  John  Herschel,  made  in  the  soutb- 
their  relative  positions,  some  of  their  real  mo-  em  hemisphere ;  but  the  bodies  to  which  I 
tions  and  periods  of  revolution.  After  more  allude  cannot  be  seen  in  the  northern  latitudes 
than  half  a  century  spent  in  unwearied  obser-  in  which  we  reside.  A  considerable  portion 
valioiis  of  the  heavens,  this  illustrious  astro-  therefore  of  our  information  on  this  subject 
nomer  departed  fi^m  this  earthly  scene,  in  must  necessarily  depend  on  the  observations 
1822,  without  infirmities  and  without  pain,  of  the  ostronomers  to  whom  I  allude,  and  the 
in  the  eighty-fourth  year  of  his  age,  leaving  statements  they  have  published  to  the  worid; 
a  son  to  prosecute  his  labours  endued  witli  but  these  observations  have,  for  the  mo^t  part, 
virtues  and  talents  worthy  of  his  father,  and  been  abundantly  terified  by  other  observers, 
whose  observations  and  researches  have  al-  It  shall  be  our  endeavour  to  state  tlie  pro- 
ready  enriched  the  science  of  astronomy,  and  minent  facts  connected  with  the  sidereal  hea- 
extended  oxa  views  of  the  sidereal  system.  vens  in  as  plain  and  perspicuous  a  manner  as 
This  department  of  astronomical  science  possible ;  aind  while  it  forms  no  pert  of  our 
may  be  considered  as  still  in  its  infancy,  plan  to  fiiune  hypotheses,  or  laundi  out  mto 
Years,  and  even  centuries,  niust  roll  on,  and  theoretical  disquisitions,  we  shall  ofier  those 
the  number  of  astronomical  observers  must  remarks,  and  freely  indulge  in  those  moral 
be  increased  a  hundredfold,  before  the  sidereal  reflections,  which  &e  contemplation  of  such 
investigations  now  going  forward  can  be  august  objects  are  calculated  to  suggest  The 
nearly  completed.  A  more  extensive  know-  tscenes  we  intend  to  exhibit  are  not  only  the 
ledge  of  the  history  of  the  heavens,  of  the  [workmanship  of  God,  but  display  the  glory 


bodies  which  lie  hid  in  the  yet  unexplored 

regions  of  space,  and  of  the   changes  and  empire  in  a  degree,  and  upon  a  scale,  far  sur- 

diversified  motions  to  which  they  are  subject,  )assing  what  can  be  seen  in  any  other  de* 

is  doubtless  reserved  for  generations  to  come ;         '     '  *  '  ^v      * 

(534) 


[>f  his  attributes  and  the  magnificence  of  h»         j 
empire  in  a  degree,  and  upon  a  scale,  far  sur- 
Hissing  what  can  be  seen  in  any  other  de- 
Mutment  of  creation:  and  ther^ore,  in  ak 
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mu  mreys  of  those  grand  and  mnltUaiiooa  emotions  which  may  inspire  ns  with  reyerence 

oi^ecta,  we  ought  inTsriably  to  connect  our  and  adoration  of  that  glorious  and  incompre- 

news  and  investigations  with  the  supreme  hensihle  Being  *^  by  whom  the  worlds  were 

agency  of  Him  who  brought  them  into  exist-  framed,"  **  who  created  all  things,  and  ibr 

eaoe,  and  to  cherish  those  sentiments  and  whoee  pleasure  they  are  and  were  created.'' 


CHAPTER  L 

A  Gentral  View  of  the  Starry  Heavens^  with  repreeeniatiom  of  deiatcked  porHone  of 

the  Firmainent, 

Iv  we  ooald  suppose  a  community  of  ra-  of  the  sky,  the  view  thus  obtained  would 

tional  beings  to  have  lived  for  ages  in  some  somewhat  resemble  the  partial  glimpse  we 

subterraneous  grottoes  &r  beneath  the  snr&oe  have  yet  acquired  of  the  splendour  and  sub* 

of  the  earth,  and  never  to  have  visited  tiie  limities  of  the  distant  universe ;  and  were  we 

exterior  portions  of  our  globe,  their  ideas  transported  to  those  iar  distant  scenes,  which 

must  have  been  extremely  circumscribed,  and  appear  through  our  telescopes  only  like  dim 

their  enjoyments  extremely  imperfect,  even  specks  of  light,  we  should,  doubtless,  be  as 

although  they  had  been  fiiniished  with  every  much  overpowered  with  astoni^mient  and 

thing  requisite  for  their  animal  subsistence,  wonder  at    the  piagnificent    scenes  which 

Could  vre  imagine  that  such  beings  were  all  would  open  to  our  view,  as  our  supposed  sub- 

at  once  transported  to  the  surface  of  the  earth,  terraneous  inhabitants  could  be  at  the  am- 

with  what  astonishment  and  wonder  would  pUtude  and  grandeur  of  our  terrestrial  abode, 
they  be  seized  when  they  beheld  the  expan-       In  our  present  habitation  we  are  confined 

nve  landscape  of  the  world,  the  lofty  moun-  to  a  mere  point  in  the  infinity  of  space.  Ample 

tains    towering    to  the    clouds, — the    hills  as  our  prospects  are,  it  is  not  improbable  that 

crowned  with  magnificent  forests, — ^the  plains  the  views  we  have  already  attained  bear  a 

stretching  to  the  boundaries  of  the  horizon,  less  proportion  to  the  whole  immensity  of 

and  adorned  with  colours  of  every  shade,—  creation  than  the  limited  range  Of  a  microscopic 

the  expansive  lake,  like  a  magnificent  mirror,  animalcule  bears  to  the  wide  expanse  of  the 

embosomed  among  the  hills, — ^the  rivers  roll-  ocean.     What  is  seen  by  human  eyes,  even 

ing  their  watery  treasures  towards  the  ocean,  when  assisted  by  the  'most  powerful  instru- 

— and  the  sun  in  the  firmament  revolving  ments,  may  be  as  nothing  when  compared  to 

around  the  circuit  of  the  sky,  diifiising  his  what  is  unseen  and  placed  for  ever  beyond 

light  and  heat  on  every  surrounding  object !  the  view  of  mortals.    Since  the  heavens  first 

Above  all,  with  what  emotions  of  admiration  began  to  be  contemplatedj  our  views  have 

would  they  be  filled  when  they  beheld  the  been  carried  thousands  of  times  further  into 

solar  globe  deseending  below  the  western  the  regions  of  space  than  the  unassisted  eye 

horizon,  and  soon  after  the  moon  displajring  could  enable  us  to  penetrate ;  and  at  every 

her  silver  crescent  in  the  sky,  and  the  stars,  stage  of  improvement  in  optical  instruments 

one  after  another,  emerging  firom  the  blue  our  prospects  have  been  still  further  extended, 

ethereal,  till  the  whole  celestial  concave  ap-  new  objects  and  new  regions  of  creation  have 

peared  all   over  spangled  with  a  thousand  appeared  rising  to  view,  in  boimdless  per- 

shining  orbs,  emitting  their  radiance  from  spcctive,  in  every  direction,  without  the  least 

every  part  of  the  cope  of  heaven,  and  all  indication  of  a  boundary  to  the  operations  of 

moving,  with  an  apparently  slow  and  silent  Omnipotence ;  leaving  us  no  room  to  doubt 

motion,  along  the  spaces  of  the  firmament  \  that  all  we  have  hitherto  discovered  is  but  a 

Such  expansive  and  novel  scenes  would  un«  small  and  inconsiderable  part  of  the  length 

doobtedty  overwhelm  the  faculties  of  such  and  breadth,  and  the  height  and  depth  of 

beings  with  astonishment,  and  transport,  and  immensity.    We  may  suppose,  without  the 

wonder  inexpressible.  least  degree  of  improbability  or  extravagance, 

We  are  placed,  perhaps,  in  a  sitoation  that,  were  the  whole  of  the  visible  system  of 

neariy  similar  in  regard  to  the  remote  regions  creation  annihilated,  though  it  would  leave  a 

of  the  universe,  as  the  beings  we  have  su]^  void  immeasurable  and  incomprehensible  by 

posed  were  situated  with  respect  to  the  am-  mortals,  it  would  appear  to  the  eye  of  Omni* 

pie  jHoi^iects  we  enjoy  on  the  surfiice  of  our  science    only  as    an    inconsiderable    blank 

globe.    Were  such  bongs,  from  their  subter*  scarcely  discernible  amidst  the  wonders  of 

'ruMan  abodes,  to  look  through  a  narrow  fun-  wisdom  and  omnipotence  with  which  it  is 

nel  whidi   presented  them  with  a  feeble  surrounded. 

of  our  upper  world,  and  ci  a  portion       Such  views  and  deductions  have  been  de« 
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rived  from  attentiye  soxreya  of  the  GhrAKKT  tiooB  onght  to  soar  above  all  its  sinfiil  pnrsofta 
HxATiirs.  Theae  heavens  pneent,  even  to  and  its  transitory  enjoyments.  In  short,  in 
the  tmtntored  observer,  a  sublime  and  elevat-  this  universal  temple,  hung  with  innnmerabla 
ing  spectacle.  He  beholds  an  immense  con-  lights,  we  behold,  vnth  the  eye  of  imaginatiflo, 
cave  hemisphere,  surrounding  the  earth  in  unnumbered  legions  of  bright  inteUigenoes, 
every  ^gion,  and  resting,  as  it  were,  upon  the  unseen  by  mortal  eyes,  celebrating  in  ecstatic 
circle  of  the  horizon.  Wherever  he  roams  strains,  the  perfections  of  Him  who  is  the 
abroad,  on  the  snrfiKse  of  the  land  or  of  the  creator  and  governor  of  all  worlds^ — we  an 
ocean,  this  celestial  vault  still  appears  encom-  carried  forward  to  an  eternity  to  come,  amidst 
passing  the  world ;  and  after  travelling  whose  scenes  and  revolutions  alone  the  mag- 
tbousands  of  miles,  it  seems  to  make  no  nificent  objects  it  contains  can  be  contem- 
nearer  an  approach  than  when  the  journey  plated  in  all  their  extent  and  grandeur.  - 
conmienoed.  From  every  quarter  of  this  It  is  an  evidence  of  the  depraved  and  gro- 
mighty  arch  numerous  li^^ts  are  displayed,  Telling  disporitions  of  man  that  the  firmament 
moving  onvrard  in  solemn  nlence,  and  calcu"  is  so  seldom  contemplated  with  the  eye  of 
lated  to  inspire  admiration  end  awe.  Even  reflson  and  devotion.  No  other  studies  can 
the  rudest  savages  have  been  struck  with  ad-  present  an  assemblage  of  objects  so  wonderful 
miration  at  the  view  of  the  nocturnal  heavens,  and  sublime ;  and  yet,  of  all  the  departments 
and  have  regarded  the  celestial  himinartes  of  knowledge  which  are  generally  prosecuted, 
either  as  the  residences  of  their  gods,  or  the  no  one  is  so  little  understood  or  appreciated 
arbiters  of  their  future  destinies.  by  the  bulk  of  mankind  as  the  science  of  the 

But  to  minds  enlightened  vnth  the  disco-  heavens.  Were  it  more  generally  studied, 
veries  of  science  and  revelation  the  firmament  or  its  objects  were  frequently  contemplated, 
presents  a  scene  incomparably  more  magnifi-  it  would  have  a  tendency  to  purify  and  ele* 
cent  and  august  Its  concave  rises  towards  vate  the  soul,  to  expand  and  ennoble  the  in- 
immensity,  and  stretches,  on  every  hand,  to  tellectual  foculty,  and  to  supply  interesting 
regions  immeasurable  by  any  finite  intelli-  topics  for  conversation  and  reflection.  The 
gence;  it  opens  to  the  view  a  glimpse  of  orbs  objects  in  the  heavens  are  so  grand,  so  nume- 
of  inconceivable  magnitude  and  grandeur,  and  rous,  so  diversified,  and  so  magnificent,  both 
arranged  in  multitudes  which  no  man  can  in  their  size  and  in  the, rapidity  of  their  mo- 
number,  whidi  have  difiused  their  radiance  tions,  that  there  appears  no  end  to  speculation, 
on  the  earth  during  hundreds  of  generations ;  to  inquiry,  to  conjecture,  to  incessant  admiia- 
it  opens  a  vista  which  carries  our  views  into  tion.  There  is  ample  room  for  all  the  facul- 
the  regions  of  infinity,  and  exhibits  a  sensi-  ties  of  the  brightest  genius  to  be  employed, 
ble  di/^lay  of  the  immensity  of  space,  and  of  and  to  expatiate  in  all  their  energy  on  this 
the  boundless  operations  of  Onmipotence ;  it  boundless  theme ;  and  were  they  thus  em- 
demonstrates  the  existence  of  an  eternal  and  ployed  more  frequently  than  they  are,  our 
incomprehensible  Divinity,  who  presides  in  views  of  the  arrangement,  and  the  nature  of 
all  the  grandeur  of  his  attributes  over  an  un-  the  magnificent  globes  of  hearen,  might  be 
limited  empire ;  it  overwhelms  the  contempla-  rendered  still  more  definite  and  expansive, 
tive  mind  with  a  display  of  the  riches  of  his  While  contemplating  the  expanse  of  the 
wisdom  and  the  glories  of  his  OnfiripoTBa'CE  ;  stany  heavens,  the  mind  is  naturally  W  into 
it  directs  our  prospects  to  the  regions  of  other  a  boundless  train  of  speculations  and  in- 
worids,  where  ten  thousand  times  ten  thou-  quiries.  Where  do  these  mighty  heavens 
sands  of  intelligences,  of  various  orders,  ex-  begin,  and  where  do  they  end  1  Can  imagi- 
perience  tixe  efiects  of  divine  love  and  benefi-  nation  &thom  their  depth,  or  human  calcula- 
cence.  Amidst  the  silenoe  and  the  solitude  tions  and  figures  express  their  extent  1  Have 
of  the  midnight  scene,  it  inspires  the  soul  with  angels  or  archangels  ever  winged  their  flight 
a  solenm  awe  and  with  reverential  emotions ;  across  the  boundaries  of  the  fimament  ?  Can 
it  excites  admiration,  astonishment,  and  the  highest  created  beings  measure  the  dimen- 
wonder  in  every  reflecting  mind,  and  has  a  sions  of  those  heavens,  or  explore  them 
tendency  to  enkindle  the  fire  of  devotion,  and  throughout  all  their  departments  ?  Is  there  a 
to  raise  the  aflections  to  that  ineffable  Being  boundary  to  creation  beyond  which  the  ener- 
who  presides  in  high  authority  over  all  its  gies  of  Omnipotence  are  unknown,  or  does  it 
movements.  While  contemplating,  with  the  extend  throughout  the  infinity  of  s|^oe  ?  Ir 
eye  of  intelligence,  this  immeasurableexpanse,  the  immense  fabric  of  the  universe  yet  com- 
tt  teaches  us  the  UtUeness  of  man,  and  of  all  pleted,  or  is  almighty  power  still  operating 
that  earthly  pomp  and  splendour  of  which  he  ^  throughout  the  boundless  dimensions  of  space, 
is  so  proud ;  it  shows  us  that  this  world,  with  *  and  new  creations  still  starting  into  existence  ? . 
all  its  fiimiture  and  decorations,  is  but  an  At  what  period  in  duration  did  this  mighty 
almost  invisible  speck  on  the  great  map  of  the  fabric  commence,  and  when  will  it  be  oom- 
univem;  and  that  ourthoc^ts  and  affe^-   pleted  1      Will  a  period  ever  arrive  ^i^ien 
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ll»  operations  of  craating  power  ihall  ceasa,  during  the  day,  when  the  son  is  ahmmg  in 

or  will  thej  be  continued  throughout  all  the  all  its  splendour. 

rerofaitioiiB  of  eternity  t  What  Taiious  orders  In  onler  *o  prevent  confusion  in  our  first 

of  intellectual  beings  people  the  vast  regions  surveys  of  tae  starry  heavens,  let  us  fix  upon 

of  the  universe  1     With  what  mental  energies  a  certain  portion  (^  the  firmament,  and  the 

and  corporeal  powers  are  they  endowed  1  more  conspicious  stars  which  tie  in  its  imme- 

Axe  diey  confined  to  one  region  of  space,  or  diate  vicinity.  Let  us  suppose  ourselves  con- 

aie  they  invested  with  powers  of  locomotion,  templating  the  heavens  about  the  middle  of 

whicn  enable  Uiem  to  wing  their  flight  from  January,  at  eight  o'clock  in  the  evening,  in 

world  to  world!     Are  they  making  rapid  ad-  the  latitude  62^  north.    At  that  time,  if  we 

vaooes,  firom  age  to  age,  in  intellectual  im-  turn  our  faces  toward  the  south,  we  shall  be- 

provementl     Has    moral    evil    ever    made  hold  the  splendid   constellation  of  Orion  a 

inroads  into  those  remote  regions  of  creation,  tittle  to  the  east  of  the  meridian,  or  nearly 

or  are  all  their  inhabitants  confirmed  in  a  approaching  the  south.     This  constellation 

state  of  innocence  and  bliss  ?  Is  their  history  forms  one  of  tiie  meet  striking  and  beautiful 

diversified  by  new  and  wonderful  events,  and  clusters  of  stars  in  the  heavens,  and  is  gene- 

do  changes  and  revolutions  happen  among  raUy  recognized  even  by  common  observers. 

ttiem  1     Are  all  the  tribes  of  intellectual  na-  It  is  distinguished  by  four  briltiant  sta^  in 

tuies  throughout  creation  connected  together  the  form  of  an  oblong,  or  parallelogram ;  and 

by  certain  relations  and  bonds  of  union,  and  particularly  by  three  bright  stars  in  a  straight 

^1  a  period  ever  arrive  in  the  future  revolu-  line  near  the  middle  of  the  square,  or  pand- 

tions  of  eternity  when  they  shall  have  had  an  lelogram,  which  are  known  by  the  names  of 

intimate  correspondence  with  one  another  ?  "  the  Three  Kings,''  or  the  "  Ell,"  or  **  Yard." 

These,  and  hundreds  of  similar  inquiries,  are  *They  are  also  termed  Orion's  beltf  and  in 

natui^ly  suggested  by  serious  contemplations  the  book  of  Job,  *'  the  bands  of  Orion ;"  and 

of  the  objects  connected  with    the    starry  the  space  they  occupy  is  exactly  three  degrees 

heavens,  and  they  have  a  tendency  to  lead  in  length.    The  line  passing  through  these 

the  mind  to  sublime  and  interesting  trains  three  stars  points  to  the  Pkiadea,  or  seven 

(tf  thought   and   reflection,   and    to    afford  stars,  on  the  one  side,  and  to  StriiiSf  or  the 

scope  for  the  noblest  energies  of  the  human  Dog  Star,  on  the  other.    The  equinoctial  dr- 

souL  cle  passes  through  the  uppermost  of  these 

But  leaving  such  reflections,  in  the  mean  stars,  which  is  called  Mintika,    They  are 

time,  let  us  now  take  a  general  view  of  the  situated  about  eight  degrees  west  firom  the 

starry  heavens  as  they  appear  to  the  eye  of  a  solstitial  colure,  or  that  great  circle  which 

common  spectator.  passes  through  tiie  poles  of  the  heavens,  and 

When  an  untutored  observer  attempts  to  the  first  points  of  Cancer  and  Capricorn,  in 

take  a  serious  survey  of  the  starry  firmament  which  the  sun  is  in  his  greatest  declination 

for  the  first  time,  he  is  apt  to  be  bewildered  north  and  south,  which  happens  on  the  2l6t 

at  the  idea  of  the  inunense  multitude  of  stars  of  June  and  2l8t  of  December.    There  is  a 

which  seem  to  present  themselves  in  every  row  of  small  stars  which  run  down  obtiquely 

part  of  the  sky,  and  the  apparent  confiision  below  the  belt,  and  seem  to  hang  firom  it, 

with  which  they  seem  to  be  arranged.    He  is  which  is  denominated  the  sword  of  Orion. 

upt  to  think  that  they  are  absolutely  innumer-  About  the  middle  of  this  row  of  stars  there  is 

^le,and  that  all  attempts  to  enumerate  or  to  perceived,  by  means  of  the  telescope^  one  of 

classify  them  would  be  in  vain.     There  is  the  most  remarkable  nebulm  in  the  heavens, 

something  so  magnificent  and  overpowering  The  whole  number  of  stars  visible  by  the 

in  a  cursory  view  of  a  dear  starry  sky,  that  nak^d  eye  in  this  constellation  has  been  reck- 

the  mind  shrinks  firom  the  idea  of  ever  being  oncd  at  about  78 ;  of  which  two  are  of  the 

able  to   form  a  distinct  conception  of  the  first  magnitude— namely,  Rigtl^  in  the  left 

number  and  order  of  those  luminous  orbs,  or  foot  on  the  west,  and  Betelguese,  on  the  east 

9f  their  distances  and  magnitudes ;  but  the  shoulder.  They  are  connected  by  a  tine  drawn 

genius  and  industry  of  man  have,  in  numer-  through  the  uppermost  star  of  the  belt.  There 

oos  instances,  accomplinhed  what  at  first  view  are  four  stars  of  the  second  magnitude,  three 

appeared  b^ond  the  reach  of  the  human  of  the  third,  and  fifteen  of  the  fourth ;  but 

fiMmlties.    All  the  stars  visible  to  the  naked  several  thousands  of  stars  have  been  perceived 

eye  have  been  numbered,  and  their  relative  by  good  telescopes  within  the  limits  of  this 

positions  determined,  with  as  much  predaion  consteUation. 

as  the  longitudes,  latitudes,  and  bearings  of  North  by  west  of  Orion  is  the  constellation 

places  on  the  sur&ce  of  the  globe;  and  there  Taunts,  or  the  BuU,  one  of  the  signs  of  the 

is  not  a  star  visible  to  the  unassisted  eye,  zodiac    The  Pleiades,  or  the  seven  stars,  so 

but  its  precise  position  can  be  pointed  out,  firequently  alluded  to  both  in  ancient  and 

not  only  during  the  abides  of  night,  but  even  mordem  times,  form  a  portion  of  this  constella- 

«b  (fiST) 
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tion.  At  the  time  nofw  supposed,  they  are  a  Cards  Majotj  or  the  Greater  Dog)  and  has 
veiT  tittle  beyond  the  meridian  to  the  west,  Hydra  on  the  east,  and  Orion  on  the  wesL 
ana  about  tliirty<4even  degrees  i  rth  by  west  It  consists  of  only  about  fourteen  stars  yisible 
of  the  belt  of  Orion,  at  an  elevation  aboYO  the  to  the  naked  eye,  the  principal  of  which  is 
horizon  of  about  sixty-four  degrees.  This  Procyon,  a  bright  star  between  the  first  and 
cluster  was  described  by  the  ancients  as  con-  second  magnitude.  It  is  almost  directly  south 
sisting  of  seven  stars,  but  at  present  only  six  from  Pollux,  and  distant  irom  it  about  twenty- 
can  be  distinguished  by  the  naked  eye.  With  four  degrees.  The  next  brightest  star  in  this 
powerful  telescopes,  however,  more  than  200  constellation,  which  is  considerably  smaller 
stars  have  been  counted  within  the  limits  of  than  Proc^on^is  called  Gomelza,  and  is  aituat- 
this  group.  The  Hyadea  is  another  cluster,  ed  about  four  degrees  north-west.of  Proeyon. 
situated  about  eleven  degrees  south-east  firom  South  by  west  of  Canis  Minor,  at  the  dia- 
the  Pleiades,  consisting  chiefly  of  small  stars,  tance  oS  nearly  thirty  degrees,  is  Cams  Ma^or^ 
80  arranged  as  to  form  a  figure  somewhat  like  or  the  Greater  Dog.  It  is  south-east  firom  the 
the  letter  V.  On  the  left,  at  the  top  of  the  belt  of  Orion,  and  due  east  from  the  constella- 
letter,  is  a  star  of  the  first  magnitude,  named  tion  of  Lepus,  or  the  IXare,  at  the  distance  of 
Aldeharany  or  the  Bull's  Eye,  whidi  is  dis-  ten  degrees..  Canis  Major  is  easily  distingui^ed 
tinguished  firom  most  of  the  other  stars  by  its  by  the  brilliancy  of  its  principal  star,  iS£rtiM, 
rtuidy  appearance.  This  constellation  is  which  is  apparently  the  largrat  and  brightest 
situated  between  Perseus  and  Auriga  on  the  fixed  star  in  the  heavens,  so  that  it  is  geno- 
north,  and  has  Gemini  on  the  east,  Aries  on  rally  considered  as  one  of  the  nearest  of  these 
the  west,  and  Orion  and  Eridanus  on  the  distant  orbs,  though  its  distance  firom  the  earth 
^outh.  It  consists  of  about  140  stars  viaibie  is  computed  at  not  le»  than  twenty  bilUcms 
to  the  naked  eye.  of  miles ;  and  a  cannon  ball,  moving  over 

The  constellation  G^^mmt  is  situated  north-  this  immense  space  at  the  rate  of  nineteen 
east  from  Orion,  and  almost  due  east  from  the  miles  a  minute,  would  require  more  than 
Pleiades,  and  is  one  of  the  signs  of  the  zodiac,  two  millions  of  years  before  it  could  reach 
It  has  Cancer  on  the  east,  Taurus  on  the  this  distant  orb.  Sirius  is  south  by  east 
west,  and  the  Lynx,  on  the  north.  The  of  Betelguese  in  the  left  shoulder  of  Orion,  at 
orbit  of  the  earth,  or  the  apparent  circle  de-  the  distance  of  twenty-seven  degrees,  snd 
scribed  by  the  sun  in  his  annual  course,  south-east  from  the  lower  star  in  the  bek,  at 
passes  through  the  middle  of  this  constellation,  the  distance  of  twenty-three  degrees.  A  Tine 
From  the  21  st  of  June  till  the  23d  of  July,  drawn  through  the  three  stars  which  form  the 
the  sun  passes  through  this  sign,  but  the  stars  belt,  towards  the  south-east,  leads  the  eye 
of  which  it  is  composed  are  then  invisible,  directly  to  Sirius,  which,  at  the  period  and 
being  overpowered  by  the  superior  brightness  hour  we  have  stated,  is  about  twelve  degrees 
of  the  solar  rays.  This  constellation  is  easily  above  the  south-easterly  point  of  the  horizon ; 
distinguished  by  two  brilliant  stars,  denomi-  a  line  drawn  fi:om  Betelguese  south-cast  to- 
nated  Castor  and  Pollux,  which  are  within  wards  Sirius,  and  thence  to  the  north-east 
five  degrees  of  each  other.  Castor,  a  star  of  meets  Proeyon  in  Canis  Minor,  and  continued 
the  first  magnitude,  is  the  northernmost  of  the  nearly  due  west,  it  again  meets  Betelguese, 
two ;  and  Pollux,  a  star  of  the  second  magni-  so  that  these  three  stars  se«m  to  form  a  large 
tude,  is  situated  a  little  to  the  south-east  of  it  triangle,  which  is  nearly  equilateral.  Another 
Castor  is  found  by  the  telescope  to  be  a  triangle  is  formed.by  drawing  a  line  eastward 
double  star,  the  smaller  one  being  invisible  to  from  Betelguese  to  Proeyon,  as  a  base,  fix>ni 
the  naked  eye ;  and,  fipom  a  long  scries  of  pb-  Proeyon  straight  north  to  Pollux,  and  from 
servations,  it  is  found  that  the  smaller  star  is  thence  again  south-west  to  Betelguese,  which 
revolving  around  the  larger  with  a  slow  mo-  forms  a  right-angled  triangle,  having  the  right 
tion,  and  that  a  complete  revolution  will  angle  at  the  star  Proeyon,  and  the  line  ex- 
occupy  mors  than  300  years.  About  twenty  tending  from  Pollux  to  Betelguese  forms  the 
degrees  south-west  of  Castor  and  Pollux  are  hypothienuse. 

three  small  stars,  nearly  in  a  straight  line,       In  order  to  render  these  descriptions  more 

and  about  three  or  four  degrees  distant  fi^>m  definite,  I  have  sketched  in  Plate  I.  a  small 

each  other.    The  southernmost  of  the  three  map  of  this  portion  of  the  heavens,  in  which 

lies  nearly  in  a  line  with  Pollux  and  the  star  the  principal  stars  in  the  constellations  above 

BeUlguese,  in  the  constellation  of  Orion,  but  described  are  represented.     The  Uft-hand 

somewhat  nearer  to  Betelguese  than  to  Pol-  aide  of  this  map  represents  the  east  ,•  the 

lux.    These  stars,  in  the  hieroglyphic  figure  right'hand  mde  the  west ;  the  lowef  part,  the 

of  Geniini,  form  the  feet  of  the  twins.  south ;  and  the  upper  part  the  north,  or  higher 

Directly  south  of  Gemini  is  the  constellation  portion  of  the  heavens.    When  used  so  as  to 

of  Cants  Minor,  or  the  Lesser  Dog.    It  is  compare  it  with  the  real  firmament,  the  oh- 

■tuated  about  mid-way  between  Gemini  and  server-  is  supposed  to  have  his  face  diracfted 
(638) 
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duefly  ti>  the  Booth  utd   the   ■outh-easteni  represenled  near    the  middle   of    the   Uds 

paitB  of  the  Aj.     He  may  then  eaiily  dia-  Almost  directly  north  (ram  Anriga,  at  the 

tL..jiii»>i  the  prindpal  ■tsrg  laid  down  in  it  bj^  distsnce  of  Bcventeen  decrees,  ia  the  star  Ca- 

the  tbUowing  directioiui : — A  line  drawn  from  pella,  in  the  aamo  conateliation,  which  i»  ona 

A  to  il,  at  ike  top  of  the  map,  paaaea  through  of  the  brigfateat  etaia  in  the  heaveng  next  to 

the  itar  Cculor  in  Gemini,  which  is  near  the  Sirius.  Ilia  about  twentr-eigbt  degreei  nnrth' 

lefl-hand  aide.     A  line  drawn  from  C  to  D,  eoat  from  the  Pleiadea,  but   ia   beyond    the 

psMea    through    Pollux  in   the    aame    ugn,  northern  limiti  of  the  map.     A  lino  dnwn 

whidi  ii  four  or  five  degnea  to  the  Booth-  &om  E  io  F,  panea  through  Aldebaran,  oi 

eaat    at   Castor;    it    likewise    paieoa    near  the  Bull'a  Eje,  and  the  Hjadea ;  north-west 

Auriga,  a  itar  of  the  second  magnitude,  in  of  which  is  the  Pleiades,  or  eeTCn  itan,  near 

the  conaCoIIatian  of  the  Wagoner,  which  ia  the  ncitii-weat  port  of  the  map  A  line  drawn 

PLATE  L 
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from  G  to  if,  paaaea  through  the  star  Betel-  P  Q  paaaea  through  Saiph,  a  ataj  of  the  third 

gueie,  in  the  east  ihoulder  of  Orion  ;  the  line  magnitude,  in  Orion's  right  knee,  eight  and  t 

from  /  to  iC,  paaaea  through  Bellalrix,  in  the  half  degrees  east  of  Eigul.     The  two  form  the 

west  ahonlder,  a  star  of  the  second  magnitude,  tower  end  of  the  parallelogram  of  Orion.  The 

■omewhat  less  briUianl  than  Betelgueae,  and  line  K  S  passes  through  the  star  Siriiu,  in 

likewiac  paaaea  through  Pifiryon,  in  Canis  In  Canis  Major,  which  ia  east  bj  south  bom 

Minor,  which  appeara  near  the  left  nde  of  the  SaijA,  at    the    iliatance  of  filteen    degree*, 

map  :  anil  the  line  from  L  to  Jf  pasacs  throngh  The  small  atars  to  the  weat,or  right  band  of 

the  middle  atar  of  Orion's  belt    The  line  Siriua  form  a  part  of  the  coniileUatioa  of 

,  from  S  Xa  O  paaaea  through  Rigel,  in  the  Leput,  or  the  Hare.     A  line  drawn  from  T 

left  foot  of  Orion,  a  star  of  the  first  magnitude  tu  U.  from  the  northern  to  the  southern  part 

fiOeen  degrees  south  of  Bellitrii.    The  Una  of  the  map,  will  point  out  the  position  of  Qw 

(0391 
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Itan  twra  represenled  with  respect  to  tbe  fanned;  deacribed,  ind  mtj  ba  eanij  tncud 

meiiiliAn,  at  the  tiine  tberc  obBerratiom  nre  in  the  twBTen*.    Atlliough  I  haic  fixed  on 

rappond  to  be  nuule.    Ths  itui  on  the  ri^t  tbe  middle  otlaiaarj,  at  ei^t  o'ctock  in  tbe 

of  thu  line  ue  ne*t  or  Che  meridiui,  and  all  evening,  for  the*e  olaervatiom,  yet  the  ma» 

thoae  to  the  left  are  to  the  ea<t  of  iL  stars  ma;  be  traced,  at  difiermt  houn,  dimsg 

Bj  attending  to  the  above  directioiu,  and  tbe  months  of  NaTsmber,  December,  January, 

comparing  the  dehneatiDiia  on  the  map  Trith  PelHrnaiy,  and  March.     About  the  midtDe  of 

the  heavens,  all  the  stars  and  constellatians  November,  at  midnigfit,  and  the  middle  of 

noted  abave    may  be   readily  distinguiahed.  December,  al  ten  o'clock,  f.  k^  this  portion 

The  triangles  fortned  by  Betelgueae,  Procjon,  of  the  heavens  will  appear  nearly  in  the  same 

and  Siriua,  and  by  PoUiu,  Procyon,  and  Be-  position  aa  here  r^resenled.  About  the  oud- 

lelguew,  will  likewise  be  seen  on  (he  map,  ss  die  of  Febraaiy,  Orion  will  be  on  the  meii- 

PLATE  n. 


dian  about  eight  in  the  evening;  and  in  the  this  portion  ofthehetvtns  in  tba  diredians 

month  of  March,  at  the  same  bout,  consider-  b,  or  nearly  concsponding  to  tbe  line  L  if, 

atdj  to  the  west  of  it ;  but  all  the  adjacent  so  that  it  passes  yery  near  to  tbe  upper  stal 

■tars  and  constellations  may  be  traced  at  this  in  the  bdt  of  Orion.    The  degrees  of  north 

time  in  the  maimer  already  described.    The  and  south  declination'  &Qm  the  equator  ara 

Hon  and  conateUations  delineated  on  thin  map  marked  on  tin  margin. 

comprehend  a  space  in  the  heavens  extending  •  Ths  dtUnaUn  of  a  hsiienly  bod/  to  its  dla- 

in  breadth,  from  north  to  south,  about  fifty  ^"„^„°°;i,^j ^,"^oii\a iSaJ^Va'S^tX. 

degrees — namely,  from  ihirty-tbree  degrees  qnaom  Vioix.wtiich  Li  iiic  dtBiinM  or  a  pise* 

of   north   deehnation   to   seventeen   degrees  ftom ihe  eiiusior.    Ttitlaitiadaof  aMsBnlf  Mf 

dttf  degrees.     The   cquatar   runa   thiou^  H)deKi»i<riUiUi«eqaUu>ctUl 
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Plate  n.  Tepresents  another  portion  of  the  maikable  atan  may  be  aeen  -at  this  time  be- 

hesvens  as  H  appean  about  the  begimung  of  ndea  those  noted  in  the  map,  particolarly  the 

September.    It  indudes  some  of  the  larger  square  of  PegtmiSt  or  the  Flying  Horse, 

itare  beloDfiiig  to  the  constellations  Cy^t»,  About  fi%-three  degrees  nearly  east  from 

Lyra,  Cerierus,  Serpeniarius,  AqutM,  Her-  Altair  is  Markab,  a  star  of  the  second  mag- 

culeBt  and  Corona  BoreaUs.    At  ten  o'clock  nitnde ;  sixteen  and  a  half  degrees  east  of 

in  the  evening  of  the  1st  of  September,  the  Markab  is  AlgerUb,  another  star  of  the  second 

star  Altair,  in  the  constellation  of  Aquila,  or  magnitude ;  fourteen  degrees  north  of  Algenih 

the  Eagle,  will  be  nearly  on  the  meridian,  at  is  A^^keraiz,  and  fourteen  degrees  west  of 

an  eleTation  above  the  horizon  of  about  forty-  Alpheratz  is  Seheat,  both  of  them  stars  of  the 

six  degrees.    This  star,  which  is  between  the  second  magnitude.  These  four  stars,  of  nearly 

first  and  second  magnitude,  is  situated  near  equal  magnitudes,  form  the  Square  of  PegOr 

the  east  or  left-hand  side  of  the  map,  near  the  fttf ,  and  appear  nearly  halfway  between  the 

bottom,  and  has  a  small  star  to  the  south,  and  eastern  horizon  and  the  meridian. 

another  to  the  north-west  of  it.    A  line  drawn  All  the  stars  alluded  to  above  may  likewise 

from  Tto  U  passes  through  the  star  Altair,  be  seen  during  the  months  of  July  and  Au- 

aad  a  line  from  V  to  W  passes  through  the  gust,  when  they  will  appear  in  a  more  eaat- 

meriiifian  at  the  hour  supposed.  erlv  position  than  at  the  time  stated  above ; 

The  seven  stare  whidi  are  nearest  Altair,  and  in  the  month  of  October,  at  eight  o'clock, 
towards  the  south,  and  west,  and  north-west,  and  in  November,  at  six  o'clock  in  the  even- 
belong  to  the  constellation  of  Aquiku  All  ing,  they  will  be  seen  nearly  in  the  positions 
the  stars  on  the  map  which  are  to  the  right-  which  have  been  now  represented. 
band  of  Altair,  are  we^  of  the  meridian.  A  Plate  III.  represents  a  view  of  some  of  the 
Une  drawn  from  X  to  y,  near  the  top  of  the  principal  stars  around  the  pole,  extending 
auip,  passes  through  Denib,  a  bright  star  of  from  the  polar  point,  in  every  direction,  about 
the  second  magnitude  in  the  constellation  of  forty-five  degrees.  In  unng  this  map,  the 
^yS'i*'*9  <^  ^®  Swan,  which  is  the  star  next  observer  is  supposed  to  be  looking  towards 
the  lefii-band  side,  nearly  due  north  from  Al-  the  north,  in  which  case,  the  left  hand  side 
tair,  at  die  distance  of  thirty-six  degrees ;  the  of  the  map  is  towards  the  ufest,  and  the  right 
ether  four  stars  adjacent  to  it  belong  to  the  side  towards  the  east.  The  large  star  near 
same  constellation.  A  line  drawn  finran  il  to  the  centre  of  the  map  is  the  Pole-star,  which 
B  passes  through  the  star  Vegti,  or  a  Lyras,  forms  the  tip  of  the  taU  of  Vthi  Minor,  the 
a  hrilUant  star  of  the  first  magnitude  in  the  square  of  which,  and  the  two  other  stars  in 
cooaleUation  of  the  Hofrp.  The  six  small  the  tail,  will  be  seen  ascending  from  it  towards 
iters  to  the  south-east  of  it  likewise  belong  to  the  right  hand,  when  the  map  is  so  placed 
this  constellation.  The  stars  on  the  right,  or  that  the  1st  of  April  is  at  the  top.  There  is 
to  the  westward  of  Vega,  belong  chiefly  to  only  one  star  of  the  first  magnitude  within 
the  eonstellation  of  Hereulea*  A  line  drawn  the  limits  of  this  map — namely,  Capella,  the 
from  C  to  i>  passes  through  the  principal  star  principal  star  in  the  constellation  of  Auriga, 
Corona  BoreaUs,  or  the  Northern  Crown,  opposite  that  part  of  the  map  where  the  month 
named  A^kaeea,  which  is  of  the  third  mag^  of  December  is  maiked.  A  line  drawn  from 
nitude,  ai»d  near  the  right-hand  side  of  the  C  io  V  passes  through  this  star,  which  is  ad- 
wap.  The  stars  north  and  east  firom  it  be-  jacent  to  the  extremitf  of  the  map.  There 
long  to  the  same  constellation.  West  from  are  eleven  stars  of  the  second  magnitude ; 
Alphaeca  is  JUirae,  at  the  distance  of  eleven  five  in  the  square  and  tail  of  Ursa  Major,  or 
degrees ;  and  soutii-west  of  Mirac,  at  the  dis-  the  Great  near — namely  the  two  pointers, 
tanoe  of  ten  degrees,  is  Areturus,  a  bright  Dubhe  and  Merak,  Phad,  AUoth,  and  BeneU 
star  of  the  first  magnitude,  which  is  then  nach»  The  others  are  Menkalind,  Etanim, 
about  eighteen  degrees  above  the  western  ho-  Raaiahan,  Algenih,  Delta  Cygrd,  and  tiie 
rizon.  Both  these  stars  are  in  the  constella-  Pole-etar.  A  tine  drawn  fit)m  ^  to  J?  passes 
ticm  of  Bootes,  but  they  are  not  within  the  through  Dubbe  and  Merok,  and  the  Pole-star 
hmits  of  the  map.  ,  A  line  drawn  from  F  to  at  the  centre  of  the  map  \  and  on  the  other 
G  passes  through  Roe  A^ethi,  a  star  of  the  side  of  the  Pole-star  it,  passes  through  a  part 
second  magnitude,  and  the  principal  star  in  of  the  constellation  of  Casaiopeia-^e  Pole- 
the  constellation  oi Hercules,  which  is  twenty-  star  being  nearly  eqaidistant  between  that 
fi!fe  degrees  south-east  of  Corona  Borealis.  A  constellation  and  the  pointers.  A  tine  drawn 
tine  from  /Tto  /passes  through  Ras  Alhague,  firom  E  io  F  passes  through  Menkalina,  in 
a  star  of  the  second  magnitude  in  the  head  the  constellation  of  Auriga,  about  eight  de« 
of  Serpenitarius.  This  star  is  five  degrees  grees  from  Gapella.  A  line  drawn  from  G  to 
east  by  south  of  Ras  Algethi.  Most  of  the  H  passes  through  Delta  Cygni,  in  ^  Swan, 
ether  stars  to  the  south  and  east  in  the  map  which  is  placed  at  the  extremity  of  the  map. 
belong  to  Serpentarius.    Various  other  re-  A  line  firom  I  to  X passes  through  Algen^* 
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the  pcincipal  stat  in  the  constellation  of  Pet^  from  the  pole-star,  at  a  pretty  hiffi  eleratiaby 

9etu.    A  line  from  L  to  M  passes  through  with  MmkaUna  a  little  above  it,  end  to  the 

Etanim,  near  the  right-hand  side  of  the  map,  eastward. 

a  star  of  the  second  magnitude  in  the  con-  Besides  the  stars   marked  on  this  map, 

stellation  of  Draco,  near  to  which,  at  the  dis-  there  may  be  seen,  at  the  same  time,  seTeral 

tance  of  four  or  frve  degrees  is  Rastabanj  like-  brilliant  stara  of  the  first  magnitude.    Turn* 

wise  a  star  of  the  second  magnitude  in  the  ing  the  eye  east  by  south,  the  farigfat  star 

same  constellation.    With  two  other  stars  ArcturuSi  in  the  constellation  Bootes,  is  seen 

they  ibnn  a  kind  of  irregular  square  or  tra-  about  half-way  between  the  horizon  and  the 

pezium,  and,  with  another  small  star,  they  zenith.     Looking  to  the  north-east,  the  bril- 

form  a  figure  resembling  an  italic  F.     When  liant  star  Vega,  or  Lyra,  appears  elevated 

the  star  Etanim  comes  to  the  meridian  of  twenty  degrees  above  the  horizon,  in  a  dire^ 

London,  it  is  exactly  in  the  zenith  of  that  tion  nearly  opposite  to  Capella,  in  the  west, 

place,  which  has  rendered  it  of  peculiar  utility  Farther  to  the  north,  but  not  quite  so  elevated 

in  certain  nice  astronomical  observations.    It  as  Lyra,  is  Deneb,  in  the  constellation  of  the 

is  celebrated  in  modem  times  as  being  the  Swan.    Turning  our  eye  to  the  west,  Castor 

star  which  Dr.  Bradley  selected  to  determine,  and  Pollux  will  be  seen  about  midway  be- 

if  possible,  the  Annual  Parallax  ;  and  from  tween  the  western  horizon  and  zenith ;  and 

his  observations  of  which  he  deduced  the  im-  further  down,  near  the  horizon,  almost  due 

portant  discovery  of  the  Aberration  of  Light,  west,  are  Betelguese  and  Bellatrix,  the  two 

Let  ufl  now  suppose  that  we  are  to  con-  stars  in  the  shoulders  of  Orion,  Betelguese 

template  the  northern  part  of  the  heavens  appearing  the  more  elevated  of  the  two,  the 

about  the  beginning  of  April,  at  ten  o'clock  other  portions  Orion  having  descended  below 

in  the  evening.     Turning  our  fisLces  towards  the  horizon.     To  the  south-west,  midway  be- 

the  pole-star,  or  directly  north,  and  holding  tween  Pollux  and  the  horizon,  is  Procyon,  a 

that  part  of  the  map  uppermost  whidi  is  op-  star   of  the  first  magnitude  in  the  Lesser 

posite  to  the  beginning  of  April,  those  stars  Dog. 

which  are  marked  on  the  upper  part  of  the  Suppose,  now,  we  were  to  observe  the 

map  will  appear  not  fiur  firom  the  zenith,  or  same  quarter  of  the  heavens,  at  the  same 

nearly  overhead ;  those  towards  the  lower  hour,  about  the  beginning  of  October.     In 

part  will  appear  at  a  low  elevation,  not  &r  this  case  we  have  only  to  reverse  the  map,  so 

from  the  horizon ;  those  on  the  right  will  ap-  that  the  first  of  October  may  be  uppermost 

pear  in  the  east,  and  those  on  the  left  in  the  At  this  season,  Cassiopeia  will  appear  near 

west,  at  different  elevations,  are  here  repre-  the  zenith,  and  the  two  pointers  of  Ursa  Ma- 

sented.    The  two  pointers  in  the  Great  Bear,  jor  will  be  seen  at  the  opposite  side  of  th# 

which  are  directly  opposite  to   the  1st  of  pole,  at  no  great  elevation  above  the  horizon, 

April,  will  be  seen  nearly  in  the  zenith,  and  Capella  will  appear  towards  the  east,  on  the 

to  point  downwards  to  the  pole  star ;  and  at  right,  at  a  considerable  altitude,  and  the  five 

nearly  an  equal  distance  below  the  pole  star,  stars  in  the  head  of  Draco  considerably  to  the 

they  direct  tiie  eye  to  the  constellation  Cas-  west,  while  Algenib,  and  the  other  stars  in 

siopeia,  which  is  conceived  to  have  a  certain  Perseus,  will  be  seen  in  a  high  elevation,  to 

resemblance  to  a  chair,  and  which  appears  the  east  of  Cassiopeia.     At  this  time,  likewise, 

only  a  small  distance  above  the  northern  ho-  by  turning  our  eyes  towards  the  east  and  the 

rizon.    To  the  west  or  left-hand  side  of  Cas-  south,  Aldebaran,  or  the  Bull's-eye,  in  the 

siopeia  is  the  constellation  Perseus,  of  which  constellation  Taurus,  will  be  seen  elevated 

Algenib  is  the  principal  star,  and  which  ia  about  twelve  degrees  above  the  eastern  hori- 

likewisc  at  a  low  elevation.    To  the  right,  or  zon,  about  sixteen  degrees  above  which  are 

east  side  of  Cassiopeia,  is  Cepheus — ^four  stars  the  Pleiades,  or  seven  stars.   The  star  Altair 

of  which,  two  of  the  third  and  two  of  the  will  appear  near  the  south-west,  half>way  be^ 

fourth  magnitude,  foim  a  kind  of  square,  or  tween  that  point  and  the  meridian,  and  Pom' 

rhombus.     The  stars  farther  to  the  east,  and  aihaut,  in  the  Southern  Fish,  will  be  seen 

in  a  more  elevated  position,  belong  chiefly  to  nearly  on  the  meridian,  only  five  or  six  de- 

the  constellation  of  Draco,  or  the  Dragon,  grees  above  the  south  point  of  the  horiaoD. 

The  star  Etamm,m  this  constellation,  ap-  In  like  manner,  were  we  widiing  to  observe 

peai;^  neariy  due  east  of  the  pole  star,  at  the  the  position  of  the  drcumpolar  stars  at  tmy 

distance  of  forty  degrees.    The  stara  on  the  other  hour,  at  this  period,  than  ten  o'clock 

western  side  of  the  map,  or  on  the  left  hand,  p.  x.,  suppose  at  eight  in  the  evening,  we 

nearly  opposite  to  Etanim,  belong  to  the  con-  have  only  to  turn  the  line  which  marks  the 

stellation  of  Auriga;  and  tiiose  on  the  upper  beginning  of  September  uppermost  instead 

part  are  chiefly  some  of  the  prominent  stan  of  October,  and  the  position  at  that  hour  will 

connected  with  the  Great  Bear.    The  bright  be  seen ;  and  if  we  choose  to  make  our  ob- 

star  Capella  appeara  nearly  west  by  south  servations  at  six  in  the  evening  we  tun  th» 
(542) 
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fint  of  Angtut  to  the  top,  nUowiDg  two  houn,  Theae  cmmmpolor  itan  may   tberefbfe  be 

It  tn  avenge,  for  every  numth.    Ifwenould  *een  at  every  seoaon  of  the  year,  and  Ibeir 

bufiect  their  poddoa  at  tnehe  midnight,  the  relative  iKMitions  detannined  beforehand  by 

fint  of  Norember  nuut  be  turned  roond  to  limply  turning  round  the  map  to  the  month    • 

the  top,  and  to  on  for  any  other  hour.     If  we  or  day  of  the  month,  required,  so  that  that 

wtwld  HMUlce  our  oboeifatioDa  in  the  begJDDing  point  may  be  at  the  top ;  and  although  the 

of  Januaiy  at  tea  f.  m.,  that  point  must  be  monthi  ate  ananged  so  as  to  corrcBpond  with 

Inrned  to  the  top,  and  then  the  two  pointers  ten  o'clock  r,  m„  yet  the  positions  may  be 

will  be  aeen  mi  the  right,  itraight  eaat  of  the  repreacnted  for  any  other  hour,  according  to 

polB-itar,  and  the   other  five  Kan    hanging  ihe  diieetions  given  above, 
down  from  them,  CasaiopeiB  nearly  atrai^t       The  iollowing  remarks  maybe  gtated  b 

WMt,  and  Capella  not  &i  from  the  lenith*  refereace  to  the  itaia  dejacted  on  this  map : 

PLATE  m. 

THS  NORTH  CIKCVKFOLAR  BTAU. 


I.  An  these  (tan  nsrer  nt  in  oui  latitude,  of  thebcoune  they  appear  to  mora  from  eeit 

bat  ^>peai  to  more  nmnd  aioM  the  horiwn  to  weU,  and  in  the  lower  part  (rota  west  to 

in  orcka  of  which  the  pole  is  the  centre.  Aa  east.    Hose  neareat  the  pole  describe  small 

die  obaener  is  nipposed  to  be  in  flftyUwo  drclea  around  the  polar  point,  and  thoee  at 

degrees  N.  latitude,  all  the  stars  within  52°  greater  distances  describe  larger  circles ;  but 

of  Ihe  pole  never  descend  below  the  horizon,  their  periods  of  apparent  revohiton  are  ei- 

In  one  part  of  tiieir  diumel  course  they  appear  actty  the  same — namely,  twen^-three  hours, 

tbne  Ihe  pole,  and  some  of  them  near  tt>e  fifty.aii  minutes,  and  four  seconds.     3.  The 

leoith,  and  in  the  opposite  point  they  appeal  itnra  represented  in  this  map  are  only  thoee 

bdow  the  polar  pcnnt,  and  sometimei  near  which  are  most  prominent  and  obvious  to  the 

Ihe  Darthem  hoiiion.    S.  In  the  hi^ier  part  naked  eye,  in  oi^r  to  pTevent  connMon,  and 
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that  tbe  untutored  obeener  may  not  be  dis-  nigbt,  and  likewiae  for  showing  tbe  pontioiia 
tracted  with  too  many  objects  at  one  view,  of  the  dzcumpolar  atais  for  any  hour  of  the 
They  chiefly  consist  of  Btan  of  the  second,  day  or  night.  7.  The  delineations  of  the 
third,  and  fourth  magnitudes.  4.  In  order  apparent  distances  of  the  stars  on  this  mi^  are 
that  the  observer  may  be  able  readily  to  esti-  on  a  scale  of  only  one-half  the  size  of  that  on 
mate  the  apparent  distances  of  the  stars  from  which  the  two  preceding  map  were  constructed* 
each  other  and  from  the  horizon,  it  may  be  The  three  preceding  views  of  certain  por- 
proper  to  keep  in  mind  that  the  distance  be-  tions  of  the  heavens,  partly  delineated  from 
tween  the  two  pointeift  is  exactly  five  degrees,  actual  observation,  are  intended  to  convey  to 
and  between  Dubbe  (the  nearest  to  the  pole)  general  observers  a  mUural  representation 
and  the  pole-star,  twenty-nine  degrees.  By  of  those  quarters  of  the  firmament  to  which 
applying  these  measures  by  the  eye  to  other  they  refer,  so  that  by  a  little  further  attention 
stars,  their  apparent  distances  may  be  very  and  observation,  and  an  inspection  of  a  celes- 
nearly  estimated.  5.  Although  I  have  stated,  tial  atlas,  they  may  acquire  a  general  view  of 
in  general  temi«,  that  the  pointers  come  to  the  principal  stars  and  constellations  visible 
the  southern  meridian,  or  are  nearly  in  the  in  our  hemisphere ;  for  on  most  celestial 
zenith,  at  ten  p.  x.,  about  the  beginning  of  planispheres  and  globes  there  is  such  a  group 
April,  yet  it  is  not  before  the  seventh  of  this  of  eyes,  noses,  legs,  tails,  claws,  and  wings 
month  that  they  are  accurately  in  this  posi-  connected  with  the  mythological  figures  of  the 
tion  at  ten  in  the  evening ;  but  the  difierence  constellations,  no  traces  of  which  can  be  seen 
is  not  much  perceptible  by  the  eye  during  the  in  the  heavens,  that  the  learner  is  sometimca 
course  of  a  week  or  two,  and  theiefore  can  confounded,  and  can  scarcely  trace  any  re- 
lead  to  no  great  mistake.  6.  If  the  circle  con-  semblance  between  what  is  depicted  on  such 
taining  the  star»were  cut  out,  and  surrounded  globes  and  planispheres  and  the  real  aspect 
with  the  circle  of  months  and  days»  and  made  of  the  firmament,  the  stars  appearing,  in  many 
to  revolve  within  the  circle  of  hours,  it  might  instances,  as  accidental  spots,  buried,  as  it 
be  made  to  serve  the  purpose  of  an  astronomi-  were,  amidst  the  group  of  hieroglyphics  with 
cal  clock  for  pointing  out  the  hours  of  the  which  they  are  connected. 
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CHAPTER  11. 

On  the  Arrangement  of  the  Stan  into  Ckmateliation»y  vnth  Sketekee  qf  their  MuthokH 
^  ^  gicai  HtetaryT^  ^ 

Ix  order  to  distinguish  the  stars  from  one  precise  bounds  of  the  annual  course  of  the 

another,  the  ancients  divided  the  heavens  sun,  they  were  under  the  necessity  of  care- 

into  different  portions  or  spaces,  called  eon-'  ftiUy  examining  what  stars  were  successively 

stellationa,  or  groups  of  stars.    They  sup-  obscured  in  the  evening  by  the  motion  ci 

posed  each  group  to  occupy  a  space  which  that  globe,  and  what  stars,  after  emeiging 

a  lion,  a  bear,  a  man,  a  harp,  or  other  object  from  its  rays,  showed  themselves  again  befine 

would  fill,  if  it  were  there  delineated ;  and  the  dawn  of  day. 

hence  the  different  constellations  were  de-  Macrobius,  an  ancient  Roman  author,  and 

picted  as  if  they  had  borne  a  resemblance  to  8extus    Empuicus,    a   Greek   writer,  ha^« 

dragons,  dogs,  rams,  altars,  ships,  and  similar  handed  down  to  us  the  ingenious  me^od 

objects,  whether  imaginary  or  real.    The  in-  which  the  first  astronomers  used  to  deter- 

ventionofthe  constellations,  particularly  those  mine  exactly  the  course  which  the  sun  de- 

of  the  Zodiac,  is  generally  attributed  to  the  scribes  in  the    heavens^  and  to  divide  the 

Chaldeans  or  the  Egyptians ;  but  most  pro-  year  into  equal  portions,  of  which  the  foIlo>w- 

bably  the  merit,  such  as  it  is,  is  due  to  the  ing  is  a  condensed  description  : 

former,  although  the  Egyptians  appear,  at  a  They  every  day  saw  the  sun  and  the  whole 

very  early  period,  to  have  derived  tne  loiow-  hevrans  turning  round  fix>m  the  east  to  west. 

ledge  of  astronomy  from  the  inhabitants  of  In  the  mean  time  they  observed  that  the  siut, 

Chaldea,  u^d    imparted   it  to   the   ancient  by  a  motion  peculiar  to  it,  receded,  from  day 

Greeks  and  other  nations.    The  first  series  to  day,  from  certain  stars,  and  took  its  phice 

of  constellations  which  were  formed  appear  under  others,  always  advancing  towards  the 

to  have  been  those  of  the  Zodiac    Finding  east    As  they  found  that  twelve  revolutions 

that  the  year  consisted  neither  of  twelve  nor  of  the  moon  approximated  to  one  revolution 

if  thirteen  lunations,  in  order  to  know  the  of  the  sun,  but  that  a  certain  sensible  dififeiw 
(644) 
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«iiee  existed,  they  wished  that  they  might  the  obflerratioii  and  meaanrement  of  the  other 
haive  tweNe  diviaiona  of  the  year,  which  might  half  of  the  firmament  till  the  opposite  seaaon 
be  exactly  eqiodTalent  to  the  year  itael£  For  of  the  year,  when  they  proceeded  as  before. 
Ihia  purpose  they  took  two  brass  open  veasela.  Having  in  this  manner  determined  the 
the  one  pierced  at  the  bottom,  and  the  other  twelve  divisions  of  the  heavens,  and  marked 
without  any  orifice  below.  Having  stopped  the  dnsters  of  stars  peculiar  to  each,  they 
the  hole  of  the  first,  they  filled  it  with  water,  proceeded  to  give  them  names,  and  in  general 
and  placed  it  00  that  the  water  might  run  out  termed  them  Uie  stations  or  houses  of  the  sun, 
into  the  other  vessel  the  moment  the  cock  three  of  which  were  assigned  to  each  season. 
Ehould  be  opened.  This  done,  they  observed  The  particular  names  given  to  each  of  the 
in  that  part  of  the  heavens  where  the  sun  has  twelve  constellations  of  the  Zodiac  are  gene- 
its  annual  coune,  the  rising  of  a  star,  remark-  rally  supposed  to  refer  to  certain  circumstances 
able  either  for  its  magnitude  or  its  bi^htness,  peculiar  to  the  diflerent  months.  As  the 
and  at  the  critical  instant  it  appeared  on  the  Chaldean  observers  seem  to  have  been  of 
faorizon  they  began  to  let  the  water  fiow  out  opinion  that  there  were,  during  the  spring, 
of  the  upper  vessel  into  the  other,  during  the  no  productions  more  usefiil  than  Iambs,  calves, 
rest  of  the  night  and  the  whole  following  and  rams,  they  gave  the  constellations  through 
day,  till  the  very  moment  when  the  same  star  which  the  sun  passes  during  that  season  the 
began  to  appear  anew  on  the  horizon.  The  names  of  the  three  animals  by  which  they 
tneUnt  it  was  again  seen  they  took  away  the  were  most  enriched.  The  first  was  named 
under  vessel,  and  threw  the  water  that  re-  Ariest  or  the  Ram ;  the  second  TauruSy  or 
mained  in  the  upper  on  the  ground.  The  the  Bull;  and  the  third  Geminit  or  the 
observers  were  thus  sure  of  having  one  revo-  Twins, — ^that  is,  the  two  goats,  which  com* 
hition  of  the  whole  heaven,  between  the  first  monly  bring  forth  two  young  at  a  time.  The 
rising  of  the  star  and  its  return.  The  water  Greeks  afterwards  represented  them  by  Castor 
which  had  flowed  during  that  time .  now  and  Pollux,  two  twin  brothers,  sons  of  Jupiter, 
aflbrded  them  the  means  of  measuring  the  by  Leda,  the  wife  of  Tyndarus,  and  as  such 
duration  otf  one  whole  revolution  of  the  starry  are  represented  on  our  globes.  Having  re- 
firmament,  and  of  dividing  that  duration  into  marked  that  there  was  a  point  to  which  the 
several  equal  portions.  They  then  divided  sun  approached  when  passing  these  signs, 
the  water  of  the  under  vessel  into  twelve  but  which  it  never  went  beyond,  and  that  it 
psrts,per/^c^/iye^tiai^  and  prepared  two  other  afterwards  receded  from  that  point  for  six 
small  vessels  c^nble  of  containing  exactly  months  together,  this  retreat  of  the  sun  back- 
one  of  these  portions,  and  no  more.  They  wards  led  them  to  distinguish  it  by  the  name 
again  poured  into  tiie  great  copper  vessel  the  of  an  animal  which  walks  backwards,  and 
twelve  parts  of  water  all  at  once,  keeping  the  hence  it  was  denominated  Cancer^  or  the 
veaseb  shut.  Th^  then  placed  under  the  CraU  As  the  heats  in  the  next  month  (July) 
oock,  still  shut,  one  of  the  two  small  vessels,  are  most  intense,  they  compared  them  to  the 
and  another  near  it  to  succeed  the  first  as  raging  and  fierceness  of  a  lion,  and  hence 
soon  as  it  should  be  fiilL  All  these  prepara-  they  called  the  sign  Leo,  that  is,  the  Lion. 
tiona  being  ready,  the  next  night  tiicy  ob-  As  in  the  next  month  harvest  commences, 
served  that  part  of  the  heavens  towards  which  and  as  young  girls  were  generally  set  to  glean 
they  had  remarked  the  sun  took  lus  course,  in  the  fields,  they  denominated  the  sign  cor- 
and  waited  for  the  rising  of  the  constellation  responding  to  this  month  Virgo,  or  the  Yir- 
wUdk  has  since  been  called  Aries,  The  in-  gin,  which  is  represented  by  &e  figure  of  a 
stant  Aries  appeared,  and  they  saw  the  first  young  woman  holding  an  ear  of  com. 
star  of  its  ascending,  they  let  the  water  run  The  perfect  equality  of  days  and  nights 
into  the  little  measure.  As  soon  as  it  was  which  happens  when  the  sun  quits  the  sign  of 
loll  they  removed  it,  and  threw  the  water  Virgo,  caused  astronomers  to  give  the  next  sign 
onat  In.  the  meantime  they  put  the  other  thenameofZ<t&ra,  that  is,  the  Balance,  poised 
empty  measure  under  the  ML  They  ob-  so  as  to  represent  equal  day  and  night.  The 
served  accurately  all  tiie  stars  that  rose  during  firequent  dueases  which  are  produced  in  con- 
all  the  periods  which  the  measure  took  in  sequence  of  the  sun  retiring  to  the  south  pro- 
fiiling,  and  that  jpart  of  the  heavens  was  ter-  cured  the  ndxt  sign  the  name  of  Scorpio,  or 
minated  in  then*  observations  by  the  star  the  Scorpion,  because  it  is  mischevious,  and 
which  appeared  last  on  the  horizon  the  mo-  drags  afler  it  a  sting  and  venom.  When  har- 
ment  the  measure  was  just  full.  In  like  vest  is  over,  and  the  fields  cleared  of  tne  crops, 
manner  they  proceeded  with  the  other  vessel  then  is  the  season  for  hunting,  and  therefore 
alternately,  till  the  two  small  vessels  were  the  sign  in  which  the  sun  enters  at  that  time 
three  times  filled,  which  marked  out  six  divi-  has  obtained  the  name  of  SagUtcurius,  that  is, 
sions,  or  one^balf  of  the  course  of  the  sun  in  the  Archer,  or  Huntsman.  The  next  eon- 
Ihs  heavens.     They  were  ther  forced  to  defer  stcllation,  Capricorrij  had  its  origin  from  the 
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wild  goat,  whose  nature  being  to  seek  its  food  obscured  and  overpowered  by  the  sun's  nj§ 

from  the  bottom  to  the  top  of  mountains,  was  as  he  passed  through  them,  they  could  aaj, 

considered  emblematical  of  the  ascent  of  the  with  a  perfect  assurance,  **  the  sun  is  now  in 

sun  from  the  lowest  point  o^  its  course,  in  the  Scorpio,  and  in  two  months  hence  the  shoiV 

beginning  of  this  sign,  to  its  highest  pilch  or  est  day  will  arrive."     On  the  sight  of  a  sin^ 

summit  in  the  summer  solstice,  when  it  enters  oonsteUation,  placed  either  in  the  eastern, 

the  sign  Cancer.    The  next  sign  is  cvlled  western,  or  middle  part  of  the  heavens,  tiiey 

AquariuSi  or  the  Water-bearer,  emblematical  could  immediately  tell  in  what  sign  the  sun 

of  the  rains  which  generally  fall  at  this  sea-  was,  how  Ui  the  year  was  advanced,  and 

son  of  Uie  year ;  and  the  last  sign  is  named  what  kinds  of  labour  were  requisite  to  be  per- 

PisceSt  or  the  Fishes,  which  name  seems  to  formed.    It  is  therefore  to  astronomy  we  are 

have  been  given  because  at  the  time  when  the  originally  indebted  for  our  knowledge  of  the 

sua  enters  it,  fishes  are  then  considered  as  length ^f  the  year,  and  the  commencement 

&ttest  and  most  in  season  for  use.  of  its  diflerent  seasons. 

Such  were  the  names  and  symbols  which       The  ancients  next  proceeded  to  arrange 

the  ancients  appropriated  to  that  great  circle  into  constellations  the  other  groups  of  stars 

or  zone  of  the  heavens  through  which  the  sun,  which  were  situated  to  the  north  and  soatk 

moon,  and  planets  appeared  to  move.    As  of  the  Zodiac.    In  forming  this  arrangement 

the  names  of  ten  of  tiiese  signs  or  constella^  they  proceeded  on  prindplee  similar  to  those 

tions  are  borrowed  from  several  animals,  as-  by  which  they  had  delineated  the  signs  of  the 

tronomers  gave  the  annual  zone  which  they  Zodiac    They  conceived  the  different  groups 

compose  the  name  of  the  Zodiac,  that  is,  the  as  if  they  bore  a  certain  resemblance  to  birds, 

dicle  of  animals,  from  the  Greek  word,  ^wo»,  beasts,  serpents,  or  to  certain  imaginary  beings, 

an  animaL    By  this  division  of  the  heavens,  and  gave  them  names  corresponding  to  siich 

mankind  acquired  a  new  method  of  measuring  conceptions.    This  they  seem  to  have  done 

time,  and  of  regulating  ah  their  labours.  From  for  the  sake  of  «*JMHrting  the  memoiy  and  ima- 

the  knowledge  <^  the  Zodiac  they  obtained  an  gination  in  forming  a  general  idea  of  the 

exact  knowledge  of  &e  yeai  and  of  its  several  forms  and  the  relative  positions  of  the  several 

sub-divisions,  and  the  pertodt*  when  sowing  clusters  of  stars,  and  to  enable  the  observer 

ought  to  commence,  and  when  'the  fruits  of  more  readily  to  distinguish  and  to  point  out 

harvest  might  be  expected  to  arrive  at  ma-  any  particular  star ;  but  it  would  be  too 

tuiity.     When,  after  the  setting  of  the  sun,  tedious,  and  would  convey  little  profitable  in- 

they  saw  the  stars  of  the  sign  Aries  ascend  struction,  to  inquire  into  the  reasons  of  the 

the  opposite  horizon,  and  distant  from  the  emblematical   figures   they  adopted,  or   to 

sun  by  one-half  of  the  sphere  of  ttie  heavens,  attempt  a  detailed-view  of  their  mythological 

they  then  knew  that  the  sun  was  under  the  history. 

sign  lAhra,  which,  being  the  seventh  of  the       The  following  table  contains  a  list  of  aD 

celestial  signs,  was  distant  firom  the  first  by  the  constellations,  ancient  and  modem,  with 

cme-half  <^  the  whole  Zodiac    When,  at  the  the  number  of  stars  in  each,  as  stated  in  the 

approach  of  day,  they  saw,  in  the  middle  of  Historia   Celestit  of  Flanutead,  formerly 

the  firmament,  or  on  their  meridian,  at  an  Royal  Professor  of  Astronomy  at  Greenwich, 

equal  distance  firom  east  and  west,  the  prin-  The  first  column  contains  the  name  of  the 

oipai  star  of  the  sign  IjCo,  they  understood  constellation,  the  second  column  the  number 

that  the  sun,  then  about  to  rise,  was  at  the  of  stars  it  contains,  and  the  third  column  the 

distance  of  <^e  signs  firom  Leo,  and  removed  principal  stars  and  their  magnitudes.    The 

towards  the  east  one-fourth  part  of  its  circle,  number  1,  expresses  stars  of  the  first  magni- 

Thus,  without  seeing  the  stars,  which  were  tude ;  2,  those  of  the  second  magnitude,  dec 

NORTHERN  CONSTELLATIONa 

NasBS.  No.  of  Stars.  Principal  Stais. 

Ursa  Minor— the  Little  Bear 24 Pole  star,  2. 

Traa  Major— the  Great  Bear 87 DuUie,  I ;  Aliodi,  & 

Draco — &e  Dragon 80 Rastaben,  2. 

Cepheuto  ^East  of  Draco] 85 Alderamin,  3. 

Bootes — tht  Herdsman 54 Arcturus,  1 ;  Mirac,  3. 

Corona  Boreaujjp — the  Northern  Crown  [East  >  «.  At  h         2 

of  Bootes]                                                    )  •    •    .    .    •        p  v^xtx, 

Hercules,  with  Cerberus 113 Ras  Algethi,  2 

Lyrn — the  Harp 21  .    .    .    «    .  V^a,  or  Lyra,  1. 

Cygnus— the  Swan 81  ...  Deneb,  2. 
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Ifame.  No.  of  Start.  PriDcipal  Stan. 

Taanopeia — ^Ladj  in  her  chair' 65 Schedir,  3. 

^eraeufl,  and  Head  of  Medusa 69 Algenib,  3 ;  Algol,  %. 

A^oiiga — ^the  "Wagoner        . 66 Capella,  Alajoth,  1. 

fiezpentaiin^— Serpent  Bearer 74     .*•..•    Raa  Alhague,  2. 

SeipenB— -the  Serpent 64 

Sagitta — the  Arrow  [N.  of  Aquila]   .    •    .    •  18 

Aquila  and  Antinona^-the  Eagle,  dec   .    •    •  71 Altair,  1  or  2. 

Belphinua— the  Dolphin 18 

Bqualeoa — the  Horae'i  Head 10 

Pegaaua— the  Flyiqg  Horse 89 Markah,  2 ;  Scheat,  8. 

Andromeda ,    •    •    •  66     ...         .    Alamak,  2 ;  Mirack,  3 

Triangulom — the  Triangle 16 

Camelopardalli — Cameliroard 58 

Leo  Minor — the  Little  Lion 53 

Coma  Berenices— Berenices'  Hair  [North  of  )  a^ 

Virgo] J 

VolpeGoia  et  Anser — ^the  Fox  and  Goose  >  o- 

[SoathofCygnus] J  ^** 

Laoerto— the  Lizard  [East  of  Cygnus]  •    •    .  16 

Scatom  Sobieski  [North  of  Sagittarius] ...  8 

Canis  Yenatici — me  Grayhounds      •    ...  26 

Lynx •    •    •  44 

Cerberus      •    •    • 4 

Mods  Menelaos  [S.-E.  of  Bootes]     ....  11 
TaonuPoniatowski— theBullofPoniatowski  >        ^ 

[W.  of  Aquila] J        ^ 

Muscft-4heFly  rN.ofAries] 6 

Tarandnn    ■Reindeer  [at  N.  Pole]     •    ...  12 

Total  number  of  stars  in  the  Northern  >  ^aTa 
Constellations J  ^*** 
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Name.  Mo.  of  Stan.  Prbieipal  Stari. 

Whale •    .    .  97 Menkar,  2 ;  Mira,  2. 

Onon 78 Betelguese,  1 ;  Rigel,  1 

Eridanus — the  River  Po 84 Achemar,  1. 

Lepa»-4he  Hare  [S.  of  Orion] 19 

Canis  Major — the  Grreat  Dog 81     •    •    .    •    .    Sirius,  1. 

Canis  Minor  [N.  of  Monoceros] 14 Procyon,  1. 

Argo  Navis— the  Argo 64 Canopus,  1 ;  Naos,  % 

Hydr»— the  Seipent 60 Cor  Hydne,  1. 

Crater— the  Cup  [8.  of  Virgo] 31 Algorab,  3. 

Corrna— the  Crow  [S.  of  Virgo]  .....      9 Alkes,  3. 

Centaoms-^Che  Centaur 35 

Li^Hu— the  Woir 24 

Axaf — the  Altar        9 

Carona  Australia — Southern  Crown  •    ...  12 

PiacisAnatralis  [8.  of  Aquarius] 24  ....    FomaDiaut,  1. 

Cohimbo  Noachi— Noah's  Dove  .    •    •    .    •  10 

RoberCaroEj;  [E.ofATgoNaTii]    ...  12 

Onwf — the  Crane 13 

niasnixf 1? 

IndiMf — the  Indian 12 

PaTof — the  Peacock 14 

Apusf — the  Bird  of  Paradise 11 

Apis  Muscaf  Australia, .4 
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Name.  No.  ofBUra.  ?riiiei|wl  Stui. 

Triangulum  Australisf  [South  Triangle]    •    •  6 

PisciB  Volan4--4he  Flying  Fiah .    .    .    .    '.  8 

Chameleont  [near  the  S.  Pole] 10 

Donidot— the  Swoid  Fiah  ...'....  6 

Toucan'l' — the  American  Gooae 9 

Hydnisf— the  Water  Snake 10 

Sextana — Ae  Sextant  [S.  of  Leo]     ....  41 

Monoceroa— 4he  Unicom 31 

Crux — the  iCroaaf ^  .    .  6 

The  Sculptor'a  Apparatua *  •    •  12 

Circinuaf — the  Compaaaea 7 

BrandenbuTgiom  Sceptrum  [S.  W.  of  Orion]  •  6 

Equuleus  Pictorius .     •  8 

Fornax  Chemica 14 

Horologiumf— the  Clock 12 

Mona  Menaaf — ^the  Table  Mountain      ...  30 

Machlna  Pneumatica — the  Air  Pump    ...  24 

Norma,  or  Euclid'a  Square 12 

Octane  Hadleianusf — Hadley'a  Octant  ...  43 

Pyxis  Gauticar-^Marinei's  Compaaa  ....  8 

Reticula  Rhomboidaliffj- 10 

Teleacopiumf — the  Telescope 9 

Sculptoriof — ^the  Engraver'a  Toola    ....  16 

Microacopium — ^the  Microscope 10 

Total  number  of  stara  in  the  Southern  )  ^^^ 
Conatellationa ) 

ZODUCAL  tONSTELLATIONS. 


Nana.  No.  of  Stara.  Principal  Stars. 

•  aAriet]a,2. 

•  Aldeberan,  1 ;  Pleiadei» 


Castor,  1 ;  PoUuz,  1. 
Acubena,  8. 

Regulua,  1 ;  Denebola,  8 
Spica  Virginia,  1. 
Zubeneachamale,  2. 
Antana,  1. 


Aries— the  Ram    •    •    •         •         •         .    .    66     . 

Taurus— the  Bull 141      • 

Gemini — ^the  Twins 85     • 

Cancer — the  Crab 88 

Leo— the  Lion 95 

Virgo— the  Virgin 110     . 

Libra — the. Balance    ••••....•    51      • 

Scorpio — ^the  Scorpion 44     . 

Sagittariua — the  Archer 69 

Capricomua— the  Groat 51 

Aquaria — the  Water  Bearer 108     ....    Sdieat,  3. 

Pisces— 4he  Fiahes 113 

Totalnumber  of  stars  in  the  2«odiac    .    .     1016 

Total  number  of  atars  in  all  the  Constellationa    .....    3487 

Thus  all  the  TisTole  stars  in  the  finnament  first,  are  classed  in  the  aecond  magnitude; 

have  been  arranged  into  ninefy-four  constella-  and  so  on  down  to  the  sixth  magnitude,  which 

tions,  of  whidi  forty-eight  were  formed  by  comprises  the  smallest  stara  visible    to   the 

the  ancienta,  and  the  rest  within  the  last  two  naked  eye  in  the  cleaYeat  night ;  though  there 

or  three  hundred  years.    Of  the  stars  above  are  but  few  eyes  that  can  disUnguish  those 

enumerated,  there  are  about  17  of  the  first  which  belong  to  the  sixth  magnitude.    All 

magnitude,  76  of  the  second,  223  of  the  third,  the  stars  beyond  these  limita  come  under  the 

and  the  remainder  of  the  fourth,  fiflhj  and  general  denomination  of  TtUscopic  start  s 

sixth  magnitudes.    The  different  classes  of  and  with  the  most  powerful  telescopes,  ^sx^ 

magnitudes  are  intended  to  express  their  ap-  may  be  perceived  of  all  classes,  from  the  sixth 

parent  brightness.    The  brightest  stars  are  to  &e  sixteenth  order  of  magnitudes.     Every 

•aid  to  be  of  the  first  magnitude ;  those  which  increase  in  the  power  of  these  instruments 

appear  next  in  brightness,  or  inferior  to  the  brings  into  view  innumerable  multitudes  of 
(648) 
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tbo0e  orbs 'nfaieh  were  befixe  tmruible,  so  that  sliould  increase  or  diminiBh   in  magnitade, 

BO  definite  Umits  can  be  assigned  to  the  ap-  or  totally  disappear,  such  changes  might  be 

parent  brigfatneas  or  magnitade  of  the  stara.  known  to  thoae  who  should  live  in  Ajture  ages. 

This  daasificatioa  into  magnitudes,  however,  as  This  catalogue,  which  was  handed  down  to 

it  is  entirely  aibitaxy,  so  it  is  extremely  indefi-  us  by  Ptolemy,  an  ancient  Egyptian  astro* 

nite,and€anconvey  no  very  accuiate  ideas  even  nomer,  has  been  of  special  use  to  modem 

of  their  appartni  brightness  or  intensity  of  astronomers,  both  in  determining  the  rate  of 

lig^t.     This  consideration  has  led  some  emi-  the   precession   of  the   equinoxes,   and   in 

nent  astronomers  to  endeavour  to  estimate  proving  that  certain  stars  which  then  existed 

the  apparent  brightness  of  each  star  by  exp^  are  no  longer  to  be  seen  in  the  heavens ;  thus 

lunents  made  with  the  photometer.    From  indicating  that  changes  and  revolutions  are 

variooa  experimental  comparisons  of  this  kind,  taking  place  among  the  distant  bodies  of  the 

the  lale  Sir  Wm.  Herschel  deduced  the  fol-  universe.    The  catalogue  of  Hipparchus  con- 

lowing  conclusions:  tained  a  desa;ption  of  the  places  of  1026 

■tars.  The  Arabians  axe  the  next  whom  histoty 
Magnimdet  represents  as  having  attempted  to  form  a  de- 
light of  a  iCv  of  the  average  1st   -    —     100  scriptive  catalogue  of  the  stars.    This  was 

2d    -    "«      25  effected   by  Vhig  Beigh,  the   grandson  of 

dd    -    ■*      12  Tamerlane,  from  his  own  observations  made 

4th  -    "-        6  at  Samarcand,  whose  catalogue  contains  1022 

6th  •    ■»        2  staxa.    T^cho  Brahe,  the  celebrated  Danish 

6th  -    •>        1  astronomer,  who  lived  in  the  sixteenth  cen- 

toiy,  by  means  of  the  large  and  accurate  iif* 

So  that  iiae  light  of  a  star  of  the  second  magni-  struments  he  invented,  formed  a  eatalogpie  of 

todo  is  one-lburth  of  that  of  a  star  of  the  first  777  stars,  which  are  considered  as  superior  in 

magnitude ;  the  light  of  one  of  the  tiiird,  one  correctness  to  those  of  Hipparchus  and  Ulug 

eig^t ;  of  the  fourth,  one  sixteenth ;  of  the  Beigh.    He  was  prompted  to  this  laborious 

fifth,  one  fiftieth ;  and  of  the  sixth,  <mly  one-  undertaldng  by  the  sudden  appearance  of  a 

hundredth  pert    Sir  John  Herschel  informs  new  star  in  Cassiopeia  in   die  year  1572, 

us  that,  firom  his  own  experiments,  he  has  which  shone  with  tiie  brilliancy  of  Venus, 

found  that  the  light  of  SmttSy  the  brightest  and  was  visible  even  at  noonday.     Bayer 

of  all  the  fixed  stars,  is  about  824  times  that  soon  after  published  a  catalogue  of  1 160  stars, 

of  an  average  star  of  the  sixth  magnitude.  in  which  he  introduced  the  practice  distin- 

It  may  be  proper  to  observe  that  the  stars  gnishing  the  stars  by  the  letters  of  the  Greek 

specified  in  the  statements  inserted  above  are  alphabet    All  the  catalogues  now  mentioned 

not  all  visible  to  the  naked  eye,  nearly  two-  were  formed  before  the  telescope  was  invented, 

thixda  of  them  being  perceptible  onfy  by  the  and  contained  nearly  all  the  stars  which  could 

teleeoope ;  but  they  are  those   stars  whose  be  perceived  by  the  unassisted  eyes     Soon 

latitudes  and  longitudes,  and  whose  right  as-  after  the  Invention  of  Uie  telescope,  in   the 

oensions  and  declinations,  have  been  aocu-  beginning  of  the  seventeenjth  century,  the 

lately  determined.     They  form  only  a  very  celebrated  Hevelius  composed  a  catalogue  of 

tmall  proportion  of  those  which  are  found  to  1888  stars,  of  which  1553  were  observed  by 

exist  in  the  most  distant  regions  of  the  firma-  himself  and  their  places  computed  for  the 

ment ;  for  by  powerful  telescopes  there  have  year  1660.    But  some  of  our  modem  obserr 

been  explored,  in  a  single  speck  of  the  hea-  ers  of  the  heavens  have  published  catalogues 

vena,  a  nuniber  which  £00'  exceeds  that  of  all  which  contain  the  positions  of  many  thousands 

the  visible  stars  in  the  sky ;  and  catalogues  of   stars,  besides  multitudes  of   nebula,  of 

have  been  formed  in  modem   times  which  various    descriptions,    double,    triple,    and 

comprise  from  fifty  to  a  hundred  thousand  of  quadruple  stars,  and  various  otiier  celestial 

these  luminaries.  phenomena. 

The  first  astronomer,  so  far  as  we  know,       The  division  of  the  heavens  into  constella- 

who  attempted  to  take  a  catalogue  of  the  stars,  tions,  and  the  names  and  figures  by  which 

was  Hippardius  of  Rhodes,  who  flourished  they  are  distinguished,  seem  to  have  been  of 

about  120  years  before  ChriBt    Having  ob-  a  very  aj^cient  date.    Job,  who  is  supposed 

•ervod  a  new  star,  which  he  had  never  seen  to  have  lived  in  a  period  prior  to  that  of 

befote,he  began  tadoubt  whether  there  might  Moses,  refers  to  some  of  them  by  the  same 

not  be   changes  oocaaonally  taking   place  names  which  they  still  bear.    "  Canst  /hou 

among  these  luminaries,  and  therefore  com-  bind  the  sweet  influences  of  Pkiadet?^-^<fr 

meooed  making  a  catalogue  of  them,  noting  the  seven  stars, — '<  or  loose  the  bands  of 

down  the  position  and  magnitude  of  each  star,  Orion  V*  that  is,  the  heU  of  Orion,  which  con- 

wilfa  the  view  that,  if  any  new  stars  should  sists  of  three  equidistant  stars  in  a  straight 

appear,  or  any  of  those  observed  by  him  line.    ^  Canst  thou  bring  forth  Mazzaroth  in 

(549) 
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hia  season  1  or  canst  thoa  guide  Areturos  was  of  paiticolar  aemce.    As  the  overiiow« 

with  his  sonsl"    Arcturus  is  a  bright  star  of  ing  of  the  Nile  is  particnlaTly  beneficial  to 

the  fint  magnitude  in  the  constellation  of  the  land  of  Egypt,  and  as  ^t  river  was  ob- 

Bootes,  and  is  here  put  for  the  oonstellation  served  to  begin  to  swell  at  the  rising  of  Sirius, 

itself.    The  expression  *<  his  sons'*  is  sup-  or  the  Dog  Star,  so  tbej  had  a  special  vene- 

posed  to  refer  to  Asterion  and  Chora,  the  ration-  for  that  (xb,  as  if  its  drvine  influenca 

two  Grayhounds,  with  which  he  seems  to  be  had  contributed  to  that  fertility  which  was 

pursuing  the  Great  Bear  around  the  North  produced  by  the  inundation  of  the  Nile, 

pole,  in  the  diurnal  revolution  of  the  heavens.  That  the  Egyptians  worshipped  all  the  ani- 

Mazzaroth  is  generally  supposed  to  refer  to  mals  depicted  on  the  Zodiac,  and  thoee  which 

the  twelve  signs  of  the  zodiac,  which,  by  their  represent  several  of  the  other  constellations^ 

appointed  revolutions,  produce  the  succession  is  proved  by  the  testimony  of  several  ancient 

of  day  and  night,  and  the  seasons  of  the  year,  authoic,  particularly  Herodotus,  who  says 

In  another  part  of  this  book,  J)b,  when  filled  that  <*in  Egypt  all  sorts  of  beasts,  whether 

with  profound  reverence  of  the  majesty  of  wild  tx  tame,  were  accounted  as  sacred,  and 

God,  declares  that  He  alone  **  spreadeth  out  received  divine  honours.''    And  it  is  not  in^ 

the  heavens,  and  maketh  Arcturus,  Orion,  probable  that  this  worship  of  the  host  of  hea- 

and  the  Chambers  of  the  South."    The  pro-  ven,  through  the  hieroglyphics  of  various 

I^t  Amos,  who  lived  800  years  before  the  animals,  was  a  general  practice  during  the 

Christian  era,  alludes  to  the  same  objects  in  abode  ojf  the  children  of  Israel  in  that  country, 

the  fifth  chapter  of  his  prophecy— ^<  Ye  who  and  that  the  following  admonition  of  Moses 

turn  judgment  to  wormwood,  and  leave  off  has  a  reference  to  this  circumstance : — ^Take 

righteousness  in  the  earth,  seek  him  who  heed  lest  ye  corrupt  yourselves  and  make  you 

maketh  the  -seven  stars  and  Orion,  who  turn-  a  graven  image,  ^  similitude  of  any  figure, 

eth  the  shadow  of  death  into  morning,  and  the  likeness  of  any  male  or  female,  the  like- 

maketh  the  day  dark  with  night ;  tiiat  oiUeth  ness  of  any  beast  that  is  on  the  earth,  the 

for  the  waters  of  the  sea,  and  poureth  them  likeness  of  any  fowl  that  fiyeth  in  the  air,  the 

out  upon  the  &oe  of  the  earth :  the  Lord  of  likeness  of  any  thing  that  creepeth  upon  the 

Hosts  is  his  name.'*  ground,  the  likeness  of  any  fish  that  is  in  the 

The  tuunes  of  the  constellations,  and  the  waters  beneath  the  earth ;  and  lest  thou  lift 

hyeroglyphic  figures  by  which  they  are  repre-  up  thine  eyes  to  heaven,  and  when  thou  seest 

sented,  appear,  however,  to  have  had  their  the  sun,  and  the  moon,  and  the  stars,  even 

origin  in    superstitious  and  idolatrous  no-  all  the  host  of  heaven,  shouldest  be  driven  to 

tions.    The  Egyptians,  it  is  well  known,  worship  them  and  serve  them,  which  the  Lord 

worshipped  the  host  of  heaven  under  the  thy  God  hath  divided  unto  ^  nations  under 

figures  of  most  of  the  animals  which  repre-  the  whole  heai^en.    But  the  Lord  thy  God 

sent  the  celestial  constellations,  particularly  hath  taken  you,  and  brought  you  fcnth  out  of 

the  signs  of  the  Zodiac    They  imagined  the  the  iron  fiimace,  even  out  of  Egypt.'*    The 

aun,  viHbich  they  called  Osiris,  to  be  a  proper  reference  here  made  to  their  being  brought 

representative  of  the  Spirit  of  Nature,  or  the  out  of  Egypt  seems  evidently  intended  to  put 

Supreme  Being,  who,  like  the  sun,  iqppears  the  Israelites  in  mind  of  their  deliverance 

every  where  present,  exercising  his  influence  from  the  idolatrous  practices  of  the  inhabi- 

over  the  universe.    The  moon,  as  she  re-  tants  of  that  country,  as  well  as  firom  the 

ceives  her  light  from  the  sun,  was  looked  upon  slavery  to  which  they  had  been  subjected, 

as  a  female  divinity,  and  called  hiSi — ^which  and  consequcmtly  impUes  that'the  Egyptians 

goddess  was  made  to  signify  universal  nature  indulged  in  the  superstitious  worship  to  which 

considered  as  passive,  and  susceptible  of  var  we  have  alluded. 

rious  impressions,  forms,  and  qualities.  They  As  it  is  the  practice  of  astronomers  to  de- 
found,  or  imagined  they  found,  in  various  note  the  relative  a]^>arent  magnitudes  of  stars 
animals  some  properties  or  qualities  corres-  in  each  constellation  bythe  letters  of  the  Greek 
ponding  to  the  motions,  appearances,  or  in-  alphabet,  the  whole  of  this  alphabet  is  here  in- 
fluences of  the  sun,  moon,  and  stars.  This  serted,  that  the  unlearned  reader  may  be  ena- 
induced  them  not  only  to  use  those  animals  bled  to  distinguish  the  different  characters,  and 
in  their  hieroglyphic  representations  of  their  the  order  in  which  they  follow  each  other, 
deities,  but  also  to  pay  them  honours.  Thus,  The  first  letter  of  the  Greek  Alphabet  a» 
by  the  Ram,  a  prolific  animal,  they  repre-  denotes  the  largest  or  brightest  star  in  eadi 
sented  the  genial,  fertilizing  influence  of  the  constellation.  Thus,  s  Lyra  ia  the  brightest 
sun  in  spring;  and  by  the  hot  and  flirious  star  in  the  constellation  of  Lyra,  or  the  Lyre; 
Lion,  his  violent  scorching  heat  in  the  sum-  0  Lyne,  the  star  next  in  brightness  to  alpha; 
mer ;  and  the  Bull  was  an  emblem  of  the  va-  and  so  on  throughout  all  the  letters  of  the 
rious  powers  of  the  sun  in  forwarding  the  Greek  alphabet.  MThen  the  number  of  stars 
business  of  agriculture,  in  which  this  *nin|ftl  to  be  «^i«tJTiguiffhft^  in  any  constellation  is 
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greater  than  the  number  of  letters  in  the  y  Gamma  r  g 

Greek  alphabet,  astronomers  have  recouise  to  /  Delta  A  d 

the  tetters  of  the  English  alphabet,  and  dis-  »  Epsilon  E  e,  short 

tinguish  the  remaining  stars,  according  to  (  Zeta  Z  z 

thdr  apparent  brilliancy,  by  the  letters  a,  b,  «  Eta  H  e,  long 

c,  d,  &c ;  and  if  more  stars  still  remain  to  be  d-d  Theta  e  th 

didtingQiahed,  they  resort  to  numerals, — ^thus,  i  Iota  I  i 

a',  d\  &C.    From  this  mode  of  distinguishing  »  Cappa  K  k 

the  apparent  magnitude   of  the  stars,  the  '  \  Lambda  A  1 

reader  will  easily  perceive  that  those  stars  Mu  M  m 

which  are  distingnidied  by  the  fizst  letters  of  v  Nu  N  n 

the  Greek  alphabet  are  the  largest  in  any  par-  ^  Xi  3  z 

ticoiar  constellation,  while  those  which  are  o  Omicron      O  o,  snort 

marked  with  letters  towards  the  close  of  the  a*  Pi  IT  p 

alphabet  are  among  the  smaller  stars.  (  Rho  P  r 

o' g  Sigma  Z  s 

GREEK  ALPHABET.  n  Tau  T  t 

u  Upsilon  r  u 

Greek                             Orerk       Roman  ^  Phi  «  ph 

CiMraciers.    Names.      Capitals.    Characters.  y  q^  ^  ^ 

«            Alpha.         A              a  4!  Psi  "F  ps 

/i            Beta            B              b  «  Omega  a  o,  long 


CHAPTER  IIL 

On  the  Propriety  <f  Adopting  a  more  Natural  Arrangement  and  DeUneaiion  of  the 

Starry  Groupe, 

Tax  figorea  of  the  oelestia]  constellations  ample  spaces  which  surround  them,  and  m 

to  which  we  have  now  adverted  are  still  de-  which  they  perform  their  revolutions, 

picted  hi  our  celestial  globes  and  planispheres,  The  terms  used  in  any  science,  the  mode 

and  present,  in  my  opinion,  a  veiy  awkward  of  communicating  its  instructions,  and  (he 

and  unnatural  representation  of  the  stany  delineations  whi<^  such  instructions  require, 

heavens.     It  is  rather  a  strange  circumstance,  ought  undoubtedly  to  be  accommodated  to  the 

that  fcft  a  period  of  more  thui  two  thousand  discoveries  which  have  been  made   in  the 

years  tha  firmament  has  been  contemplated,  course  of  ages,  and  to  the  present  state  and 

and  the  arrangements  of  the  bodies  it  contains  objects  of  that  science ;  and  unless  we  can 

studied,  through  the  medium  of  bears,  ser-  show  that  the  terms  and  figures  to  which  I 
pents,  lixazds,  rams,  whales,  centaurs,  dol-^allude  are  the  best  calculated  Xd"  the  present 

phins,  fhfing  horses,  three-headed  dogs,  hydras,  state  and  objects  of  astronomical  science,  and 

dragons,  and  many  other  grotesque  and  in-  fitted  to  assist  the  student  in  forming  natural 

congmooB  figures.    The  sublime  wonders  of  and  correct  ideas  of  the  arrangement  of  the 

the  evening  sky  have  thus  been  assodated  celestial  orbs,  it  is  expedient  that  some  change 

with  a  group  of  mean,  ridiculous,  and  imagi-  and  improvement  in  this  respect  should  be 

oaiy  obiects,  of  which  we  have  scarcely  any  adopted,  in  accordance  with  the  newmodifica- 

prototype  in  nature,  and  in  which  there  is  tions  and  arrangements  which  have  been  in- 

not  the  least  shadow  of  a  resemblance  to  the  troduced  into  other  departments  of  science, 

objects  they  are  intended  to  represent  When  The  propriety  of  introducing  some  changes 

the  young  student  of  astronomy  wishes  to  in  delineating  the  comrtellations,  and  in  their 

distinguish  particular  assemblages  of  suns  and  nomenclature  may  perhaps  appear  from  the 

systems  of  worlds,  he  is  required  to  connect  following  considerations : 

them  in  his  imagination  with  wolves,  lions  1.  The  natural  and  hieroglyphic  figures 

makes,   and   namerous    fantastical    figures,  now  in  use  have  no  resemblance  to  the  groups 

which  are  bent  and  twisted  into  unnatural  of  stars  diey  are  mtended  to  represent  What 

diapes,  wrfaich  have  as  little  resemblance  to  resemblance,  for  example,  exists  between  an 

the  objects  hi  the  heavens  as  the  gloom  of  eagle,  a  wolf,  a  centaur,  a  fljring-fish,  or  Her- 

midnight  to  the  splendours  of  the  meridian  cules  with  his  club— and  tiie  constellations 

son.    Such  representations  have  a  tenden^  which  bear  their  names  and  are  attempted  to 

to  convey  to  juvenile  minds  a  mean  idea  of  be^lehneated  by  their  figures  1    Even  when 

the  most  august  bodies  in  nature,  and  of  the  imagination  has  stretched  itself  to  the  utmost 
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in  order  to  ftncy  a  resemblance,  it  is  obliged  and  adorning  tbe  canopy  of  oax  habitatioii,  it 
to  represent  such  creatures  in  the  most  un-  might  not  appear  quite  so  incongraons  to  19- 
-natural  positions ;  and  after  all,  it  is  found  present  their  different  groups  by  *<  connptible 
impoesible  to  bend  and  twist  their  wings,  and  men,  and  birds,  and  four-footed  beasts,  aiid 
legs,  and  tails,  and  claws,  in  such  a  manner  creeping  tilings."    But  now  that  the  astrono- 
aa  to  take  in  all  the  stars  in  the  group,  some  mer  views  the  stars  as  so  many  suns  and  sja* 
pretty  conspicuous  ones,  being  still  left  un-  tems  of  worlds,  dispened  through  the  immen- 
formed  in  the  intermediate  spaces.    Besides,  sity  of  space,  the  association  of  such  august 
ihe  discovery  of  new  stars  by  the  telescope  objects   with    representations   so    silly  aiid 
has  now  completely  deranged  the  figures  of  whimsical  as  the  mythological  figures  delineat- 
the  ancient  constellations ;  so  that  however  ed  on  our  globes,  produces  not  only  a  ludi- 
much  the  legs,  arms,  and  feet  of  the  figures  crous  efibct  by  the  greatness  of  the  contrast, 
may  be  twisted,  they  cannot  be  made  to  coin-  but,  for  the  same  reason,  tends  to  lessen  the 
dde  witii  hundreds  of  stars  which  are  known  idea  of  sublimity  which  naturally  strikes  the 
to  exist    The  only  constellations  which  may  mind  on  the  contemplation  of  such  a  stupen- 
be  said  to  bear  a  very  rude  resemblance  to  dous  scene.     Eveiy  one  knows  how  much 
the  natural  figures  are  Orion  and  Ursa  Major ;  things  great  and  noble  are  debased  by  being 
but  even  in  these  the  r^mblance  is  very  dia-  placed  in  intimate  connexion  with  httle  and 
tant    Hence  what  is  commonly  called  a  bear  ignoble  objects,  and  must  feel  the  fi>roe  of 
is  also  conceived  to  resemble  sl  plough  and  a  this  association    in  the  following   lines  of 
toagoriy  and  is,  by  the  vulgar,  distmguiahed  Hudibims : 
by  these  names.    Hence,  also,  different  na- 
tions represent  the  same  constellation  by  dif-  "  And  now  had  Pb€»bu8  in  the  lap 
W  6guree:-thu^mrtead  of  our  hi«rogI,-  SL^'h'u  ."oJ:i;Jt,^MX'n.o,n. 
phic  delineations,  the  Hindoos  have  bespat-  From  black  to  r«d  began  to  turn." 
tercd  the  firmament  w^ith  bedsteads,  dogs'  tails, 
ear-rings,    couches,    elephants'  teeth,    cate*  Again — 

claws, red8affron,chadren'8penciIs,lions'tai^^^  ^Cardan  believed  re>t  state,  depend 

festoons,  wheels,  razors,  pieces  of  coral,  pearls.  Upon  the  tip  of  the  Bear*f  taiPa  end ; 

and  other  whimsical  objects  equally  appro-  That  avabewhiak'd  it  towards  the  sun, 

Driate.*                                            ^       •'    rr  Strew 'd  misbly  empires  ap  and  down " 

In  a  judicious  comparison  of  the  figures  of   Again— 
the  different  clusters  of  stars  with  any  other 

object,  for  the  purpose  of  a  name  or  reference,  Who  made  the  Bo/aaea,  and  whence  came 

flie  figme  of  the  particular  clurter  ought  firrt  V^S  n^'liitr^'t^i  %'^i^r  ' 

to  be  accurately  considered,  and  then  an  ob-  Wake  Berenke'a  Periwi?  f 

jcct,  having  as  near  a  relation  to  it  as  possible,  Whose  livery  does  the  Coaekmmn  wear  1 

Aould  b.  fixed  »pon  a.  it.  represenUtion.  Tj^t^f^  f/r/^metr  h..e..   . 

But  an    order  exactly  the  reverse   of  this  With  us  may  bold  intelligence." 

seems  to  have  been  adopted  by  the  anciente 

in  their  arrangement  and  nomenclature  of  the  Such  an  efiect  the  eelestial  hierogiyphict 
constellations.  They  first  fixed  upon  the  have  a  tendency  to  produce,  when  placed  in 
heroes,  animals,  and  mythological  figures  association  with  the  august  objects  of  the 
which  they  intended  to  place  in  the  celestial   sky. 

vault ;  and  (hen  attempted,  if  possible,  to  bend  3.  They  tend  to  lead  us  back  to  the  dark 
the  clusters  of  stars  to  correspond  with  them  and  rude  ages  of  the  world,  and  to  familiarixs 
— ^  most  absurd,  unsdehtific  and  unnatural  our  minds  to  those  crude,  chimerical,  and  ab- 
procedure.  And  shall  all  succeeding  astrono-  surd  conceptions  which  ought  now  to  descend 
mers  in  eveiy  nation  tacitly  give  their  appro-  into  oblivion.  The  signs  of  the  zodiac  and 
bation  of  such  rude  and  injudicious  arrange-  most  of  the  other  constellations  were  invented 
ments,  as  if  they  were  unqualified  fi>r  forming  by  the  Egyptians  or  Chaldeans  to  perpetuate 
a  more  scientific  and  definite  outline  of  the  the  memoxy  of  some  of  their  rude  and  bar* 
sublime  spaces  of  the  firmament  1  barous  heroes,  to  assist  them  in  their  absurd 

2.  The  figures  now  in  use  tend  to  convey  and  idolatrous  worship,  or  to  serve  the  foolish 
a  mean  idea  of  the  objecte  they  are  intended  and  impious  pretentions  of  astrology.  In  neither 
to  represent  When  the  stars  were  considered  of  these  respecte  can  the  celestial  lucroglyphies 
as  merely  a  number  of  tepers  or  studs  fixed  be  interesting  or  instructive  to  the  modem 
in  the  vault  of  heaven,  solely  for  the  purpose  student  of  astronomical  science ;  but  they  are, 
of  shedding  a  few  glimering  rays  on  the  earth   in  almost  every  point  of  view,  associated  witii 

opinions,  practices,  and  representations,  which 

•  See  «•  Asiatic  Besearches,"  VoL  U.  Art  16—   deserve  the  most  marked  reprobation:  they 
Antiquity  of  the  Indian  Zodiac.  also  distract  the  attention  by  taming  it  aside 
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fiom  th«  ^Broct  objects  of  the  actence  to  the  and  hieroglyphic  figures  are  so  prominently 
investigation  of  their  fatmlous  history.  How  engraved,  and  the  ooloore  with  which  they 
ndiciilous  the  story  of  CaUsto  and  her  son  are  bespattered  so  deep  and  vi^ddi  that  the 
Ajcea»  whom  the  rage  of  Jnno  turned  into  stars,  appeared  not  only  as  a  secondary  ob« 
beaia,  which  now  circulate  about  the  north  jcct,  but  were  afanost  invisible,  except  on  a 
pole! — the  story  of  Medusa,  whose  golden  very  minute  inspection.  The  animals  were 
liair  Minerva  turned  into  snakes,  and  of  the  so  nicely  drawn,  and  exhibited  such  a  glare 
winged  horse  which  sprung  from  the  blood  of  variegated  colours,  that  the  sphere  appeared 
which  gashed  out  in  striking  off  Medusa's  more  like  a  young  miss's  plaything  than  a  de- 
head  !---the  story  of  Orion,  who  was  produced  Iineation  of  the  starry  heavens.  It  seemed 
fram  the  hide  of  an  ox  moistened  with  wine ! —  as  if  the  engraver  haid  been  afraid  lest  his 
tiie  story  of  the  Dragon  which  guarded  the  pretty  little  dogs,  and  serpents,  and  scorpions, 
gcrfilen  apples  in  the  garden  of  die  Hesperides,  and  flying-horses,  and  crabs,  and  lizards,  should 
and  was  taken  up  to  heaven  and  made  a  con-  have  been  disfigured  by  the  radiated  groups 
steUation  on  account  of  his  faithfiil  services! —  of  stars  which  spotted  the  pretty  creatures ; 
the  story  of  Andromeda,  of  the  Swan,  of  Per-  and  therefore  he  threw  them  into  the  shade, 
■ens,  and  a  hundred  others  of  a  sindlar  de-  in  order  that  the  artificial  globe,  which  a  late 
flcription !  philosopher  calls  **  a  philosophic  toy,"  might* 

Such  is  the  heaven  of  the  pagans — a  com-  prove  nothing  more  to  the  fiur  one,  who  oc- 
mon  receptacle  of  all  ranks  of  creatures,  real  casionly  twirled  it  round  its  axis,  than  a 
and  imaginary,  without,  distinction  or  order  ;  beautifully-coloured  ball  to  fill  up  a  niche  in 
a  wild  miscellany  of  every  thing  that  is  &lse,  her  parlour  or  bed-room.  The  same  thing 
grotesque,  and  chimerical.  Such  fantastical  appears  in  many  of  our  planispheres  of  the 
groups,  which  occupy  ttie  <<  houses  of  the  Zo-  heavens,  on  the  first  opening  of  which  one 
diae,"  and"  other  compartments  of  the  sky,  would  imagine  he  was  about  to  inspect  the 
may  comport  with  the  degrading  arts  of  the  figures  connected  witli  the  natural  history  of 
astrologer,  but  they  are  not  only  incompetent  to  animals,  or  the  fantastical  representations  il- 
the  purposes,  but  completely  repugnant  to  the  lustrative  of  the  system  of  pagan  mythology .> 
noble  elevation  ofmodem  astronomical  science.  Whatever  may  be  said  of  the  utility  of  such 
How  incongruous,  then,  is  it  that  such  repre-  delineations,  it  is  evident  they  present  a  very 
■entati^nSfthewilest  hallucinations  of  the  hu-  awkward  and  tinno/iira/  representation  of 
man  mind,  should  be  blazoned  in  such  brilliant  the  beautifiil  and  variegated  sceneiy  of  a  star- 
oolours  upon  our  globes,  and  that  a  consi-  ry  sky ;  and  hence  it  is  that  a  young  person 
derabfe  portion  of  our  astronomical  treatises  who  wishes  to  acquire  a  general  knowledge 
should  be  occupied  in  detailing  their  mytho-  of  the  positions  of  the  principal  stars  finds  it 
logical  history  1  Because  a  few  shepherds  extremely  difficult  to  recognise  them  by  our 
in  the  plains  ^  Babylon,  or  on  the  banks  of  the  present  maps  and  planispheres,  on  accoimt  of 
Nile,aiTiuiged  and  delineated  the  heavens  ac-  their  being  so  much  interwoven  with  extra- 
coring  to  the  first  crude  conceptions  which  neous  objects,  and,  on  this  account,  presenting 
arose  in  their  minds,  are^ese  chimerical  re-  appearances  so  very  different  from  what  they 
presentations  to  guide  the  astronomers  of  every  do  in  the  heavens. 

nation,  and  throughout  all  succeeding  genera-       For  these  and  many  other  reasons,  it  ap- 

tions  1     It  becomes  the  astronomers  of  the  pears  expedient  that  some  change  or  modifi- 

pvesent  day  to  consider,  whether  they  intend  cation  should  be  adopted  in  the  arrangement 

to  transmit  to  the  enlightened  generations  of  and  delineation  of  the  celestial  orbs.     Were 

the  twentieth  or  thirtieth  centuries  the  sublime  any  scheme  of  this  kind  attempted,  it  would 

discoveries  of  modem  times,  which  have  trans-  be  proper  to  proceed  on  the  following  princi- 

ibrmed  the  heavens  into  an  immense  assem-  pie,  among  others — namely,  to  give  names  to 

blage  of  sons  and  worlds, — ^incorporated  and  the  starry  groups  from  (Ejects  which  bear 

disfigured  with  hydras,  gorgons,  flying-horses,  the  nearest  resemblance  to  the  actual  figures 

Ibiee-beaded  dogs,  and  other «  dire  chimeras;"  which  appear  in  the  heavens.    I  shall  not 

orwhetherthey  might  not  be  as  well  qualified  presume,  at  present,  to  determine  what  are 

as  the  shepherds  of  Chaldea  to  reduce  the  the  particular  objects  which  might  be  selected 

stany  groups,  in  the  concave  of  the  firmament,  for  representing  the  constellations ;  as  it  would 

to  a  more   natural,  simple,  and    scientific  require  a  combination  of  astronomers  to  enter 

arrangement.  particularly  into  the  discussion.    It  is  evident, 

4.  The  constellations,  as  presently  depicted  however,  that  a  number  of  clusters  might  be 

on  our  globes  and  planispheres,  convey  an  reduced  to  mathematical  figures  and  diagrams ; 

ufmalurai  and  complex  representation  of  the  and  in  so  far  as  these  were  found  to  resemble 

heavens,  which  tendiB  to  confuse  the  imagina-  the  starry  groups,  they  would  form  a  natural 

tion  of  the  juvenile  student    On  some  celes-  representation.    For  there  actually  appear  in 

tial  globes  which  I  have  inspected,  the  natural  the  heaven — triangles,  squares,  parullelogramfl^ 
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penCagoiu,  crones,  I 
axid  pHjuIlel  ImcB,  m 

geometncal  Bchemes,  mate  of  which  might  be  talion  of  the  cormponding  orfaa  of  the  Grma- 

•elected  for  the  gurpoM  proposed.     Il  nould  be  menL     To  distinguish  the  bonDduies  of  the 

expedient  that  as  I11U7  as  ponble  of  the  old  conslellatioiu,  b  doited  line  might  be  drawn 

constellBtiaiu  should  be  preaerved  entire ;  such  around  them,  and  e&ch  of  tbem  receive  ■  toj 

u  Orion,  I7m  Major,  and  otben ;  uid  that  slight  tint  of  colouring,  so  that  (heir  shape 

those  nhich  behoTed  to  be  somewbat  deranged  and  limits  maj  be  distinguished  at  a  glance. 

should  be  so  divided  as  that  two  or  more  of  Or,  S.  Instead  of  engnning  (he  stars  on  ■ 

the  new-formed  coDatelladonB  should  exactly  white  ground,  as  is  alwajs  dme  on  the  globes, 

corrcq>ond  to  one  of  the  old,  and  vice  veria.  let  them  be  engraved  on  a  black  or  a  dtA-bloe 

To  an;  prapoaal  of  this  kind,  hirweTer,  I  ground,  so  that  the  eeTeral  stars  msy  appear 

am  awnrs  that  manj   objections  would   be  aa  so  man;  white  specks,  larjing  i-i  mie  ac- 

raiacd,  potticulBrlj' that  it  would  introduce  con-  cording  to  (heir  apparent  magnitudes,  with  a 

fusion  info  the  science  of  adronomy,  espe-  white  border  (which  wight  be  coloured  if 

cialJr  when  references  are  made  to  ancient  deemed  expedient)  around  eai^  constcllHtion, 

eataiogUGs  and  observationa.  It  is  well  known  to  mark  its  boundaiiee.     On  this  plan  the 

4ioweTer  that  a  similar  difficulty  has  been  prindpal   stars  in  the  constellation   Oriun, 

n  referencetothesciEneeDf cAemii-   ^'''   '""  ' ' "  ' 


try.     The  new  nomenclature,  which  was  in-    represented  ii 
tended  to  express  the  nature  of  the  substance 
by  the  name  which  is  attached  (o  it,  Ibougb  Fig.  i, 

at  first  scouted  bj  many  eminent  chemiata 

and  philosophers,  is  now  univorsallj  adopted^  HhriA* 

and  has  introduced  both  irimpUcity  and  pre- 
daion  into  the  science.  The  same  may  ba 
^d  of  the  dcpactments  of  geology,  botany, 
loology,  mineralogy,  and  meteorology.  The 
principle  now  proposed  in  reference  to  the  con- 
stellations is  materially  the  same  as  that  which 
led  to  the  adaption  of  a  De  w  che  mical  nomencla- 
ture ;  and,  with  regard  to  the  inconvenience* 
attending  a  new  set  of  lerma,  it  may  be  ob- 
served, in  the  words  of  M.  Bergman,  that 

"  those  who  are  already  poeacsacd  of  know-  ^  . 

ledge  cannot  bo  deprived  of  it  by  new  (emu ;   S  2 

and  (hose  who  have  their  knowledge  to  ao-  ( 

quire  will  be  enabled,  by  an  improvement  ia 
the  language  of  the   science,  to  acquire  it 

The  opposition,  hoviever,  which  ia  gene- 
rally made  to,  every  innovadon,  whether  in 
scJenco  or  religion,  die  high  respect  in  which 
every  thing  b  held  which  has  the  sanction  of 
anCiqui^,  the  difficulty  of  forming  each  an  ai^ 
langement  as  would  combine  Edmplid^  with 
Kccoracy,  end  meet  the  approbation  of  astro- 

nomers,  will  probably  postpono  the  attempt  (o  This  mode  of  delineatioD  would  exhibit  Iba 
some  distant  period  I  would  theretbrc  pro-  most  natarai  tepieaentation  which  can  be 
pose,  in  the  mean  time,  as  matters  now  stand,  made,  on  a  conm  surfiicB,  of  the  appearance 
one  or  other  of  the  following  plans  for  adop-  of  the  atarry  sky.  I  am  Miy  persuaded  that 
tion: — 1.  That  the  stars  bo  depicted  on  celes-  globes,  with  either  of  these  modes  of  delinea 
(ial  globes  and  planispheres  in  theu  tnis  posi-  tioo,  particularly  the  last,  would  be  prized  by 
ttons,Bnd  apparcDtmagnitudes,withoutbeing  a  numerous  class  of  individuals;  as  I  have 
connected  with  any  hioroglyphic  delineations ;  seldom  conversed  with  any  person  on  this  sub- 
.  the  diOerent  constcllatiotu  still  retaining  their  ject  who  would  not  have  preferred  such  ■ 
former  names.  By  this  plan,  the  dtfierent  simple  and  natural  delinesiian  to  those  which 
cinsten,  not  being  encumbered  and  buried,  as  are  be^ialtered  with  the  mythological  Hgoresk 
it  were,  in  a  medley  of  grotesque  and  extra-  Should  it,  however,  be  deemed  necessary,  in 
neous  representations,  would  appear  in  their  cases  of  particular  and  minute  referenre,  to 
natural  mmplicily,  without  distortion  and  con-  have  globes  and  planispheres  on  the  commccl 
fiiiion,  so  that  the  ^obe,  being  rectified  to  any  plan,  a  number  of  delineations  of  both  kinds 
(SM) 
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might  be  engrared  to  mit  the  taste  of  difie-  '  oonstellationSy'  thej  have  a  certain  conve* 

lent  individTiab ;  and  those  to  whom  money  nience ;  but  as  they  are  otherwise  entirely  arbi- 

is  no  great  object  would  furnish  themselves  trary,  and  correspond  to  no  natural  subdivi- 

with  ooe  of  each  deflcripdon,  so  that  the  one  sions  or  groupings  of  the  stars,  astronomers 

g^obe  would  prove  a  mutual  assistance  to  the  treat  them  lightly,  or  altogether  disregard 

other.*  them,  except  for   briefly  naming  particular 

That  the  opinions  I  have  now  expressed  on  stars,  as  a  Leonia,  ^  Scorpio,  &C.,  by  letters 

this  subject  are  not  altogether  singular  will  of  the  Greek  alphabet  attached  to  them/* 

appear  fiom  the  following  extract  from  Sir  J.  And  again, — **  This  disregard  is  neither  super- 

Uerschel's  ''Astronomy.       «0f  couiae  we  cilious    nor    causeless.     The  constellations 

do  not  here  ipeak  of  those  uncouth  fig^ures  seem  to  have  been  almost  purposely  named 

and  outlines  of  men  and  monsters  which  are  and  delineated  to  cause  as  much  confusion 

usually  scribbled  over  celestial  globes  and  maps,  and  inconvenience  as  possible.    Innumerable 

in  a  rude  and  barbarous  way,  to'enable  us  to  snakes  twine  through  long  an4  contorted  areas 

talk  of  groups  of  stars,  or  districti  in  the  of  the  heavens,  where  no  memory  can  follow 

heavens,  by  names  which,  though  absurd  or  them ;  bears,  lions,  and  fishes,  large  and  small, 

puerile  in  their  origin,  it  would  be  difficult  to  northern  and  southern,  confhse  sdl  nomencla- 

didodge  them.    In  so  &r  as  they  have  really  ture,  dec    A  better  system  of  constellations 

any  slight  xesembianoe  to  the  figures  called  up  might  have  been  a  material  help  as  an  artifi- 

in  imagination  by  a  view  of  the  more  splendid  dal  memory  ."f 


CHAPTER  TV. 
On  the  Distances  of  the  l^an. 

To  meamre  the  length  and  breadth  of  an  is  but  a  fiithom,  and  the  length  of  his  chain 

extensive  kingdom,  and  to  compute  its  dimen-  but  a  score  of  &thoms,  and  such  measures 

sions,  or  to  determine  the  distances  between  dwindle  into  mere  points  when  compared  with 

two  large  islands  or  continents,  was  formerly  the  dimensions  of  the  earth.    Hence  it  hap- 

leckoned  an    achievement    of  considerable  pened  that  many  ages  elaf^d  before  the  figure 

magnitude ;  btit  to  measure  the  whole  earth,  and  dimensions  crif  the  world  in  which  we 

to  compute  its  area,  and  to  determine  its  ex-  dwell  were  nearly  ascertained.    The  powera 

act  figure  and  magnitude,  were  considered  as  of  the  human  mind,  however,  when  called 

the  nxMt  astonishing  enterprises  ever  attempt-  into  action  and  prbperly  exercised,'  are  not 

ed  by  many  and  almost  beyond  the  reach  of  only  capable  of  such  enterprises,  but  adequate 

tile  powers  with  which  ho  is  endowed.   Con-  to  the  performance  of  still  more  elevated 

fined  to  a  small  spot  in  the  world  in  which  achievements.     When  the  mind  of  man  is 

he  dvrelis,  having  no  scale  of  measurement,  determined  on  the  pursuit  of  knowledge,  and 

in  the  first  instance,  but  his  own  dimensions,  bent  upon  improvement,  difficulties,  however 

or  the  length  of  a  rod  or  chain  formed  from  great,  only  serve  as  incitements  to  action  and 

these  dimensions,  how  can  he  measure  spaces  perseverance,  and  to  stimulate  his  energies  to 

hundreds  of  times  greater  than  the  extent  of  their  highest  pitch  of  exertion.    He  multiplies 

his  whole  visible  horizon]  how  can  he  com-  small  measures  till  he  arrive  at  greater;  he 

pule  the  distance  and  dimensions  of  places  combines  units  into  tens,  tens  into  hundreds, 

which  he  has  never  visited,  and  some  of  which  hundreds  into  thousands,  and  thousands  into 

he  never  can  visit,  and  embrace  the  whole  millions.    He  combines  lines  into    angles, 

ampUtude  of  a  world  which  has  never  been  angles  into  triangles ;    compares   triangles, 

thoroughly  explored  ?  The  height  of  his  body  squares,  and  cireles  together.;  ascertains  tiieir 

*  The  above  remarks  .are  abrid^red  from  two  the  meeting  at  Birmingham,  August,  1830,  the 

papers  on  thia  subject,  which  the  author  comniu-  committee    appointed  to  report  on  this  eubject 

nicated  twenty  years  ago  to  the  London  **  Month-  stated,  "  That  some  progress  has  been  made  in 

Ijr  Masaxlne*'^  for  October,  1818,  and  January,  reforming  the  nomenclature  of  the  northern  con- 

U\9,  Vot.  46,  pp.  SOI,  and  500.  stellations  ;  and  that  the  stars  in  the  southern 

f  Since  the  above  was  written  in  April,  1838, 1  hare  been  commenced  laying  down  on  a  plant- 
am  happy  to  learn  that  the  **  British  Association  sphere,  according  to  their  observed  actual  magnl- 
for  the  advancement  of  Science"  has  had  its  at-  tudes,  for  the  purpose  of  grouping  them  in  a  more 
lentioo  directed  to  this  subject.  At  the  meetlns  convenient  and  advantageous  manner."  It  is 
at  New  Castle  in  August,  1838,  it  was  resolved,  hoped,  '^erefore,  that  we  shall  soon  be  presented 
**  That  it  is  desirable  that  a  revision  of  the  nomen-  with  an  arrangement  and  nomenclature  of  the 
clatnre  of  the  stars  should  be  made,  with  a  view  starry  groups,  accordant  with  the  sublime  con- 
to  ascertain,  whether  or  not  a  more  correct  distri-  ceptions  and  discoveries  of  modern  asironomjr, 
botion  of  them  among  the  present  constellations,  and  which  shall  present,  on  our  globes  and  plani- 
or  such  other  eonq^ellations  as  it  may  be  consi-  spheres,  a  more  perspicuous  and  natural  repra- 
dered  desirable  to  adopt,  may  be  formed."    At  sentation  of  the  heavens. 
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peculiar  properties  and  relatioDfl ;  and,  from  planets  is  determined  by  means  of  the  hari' 
the  conclusions  he  deduces,  constructs  instru-  zonial  parallax,  or  the  angle  under  which 
ments  and  ascertains  principles  which  enable  the  earth's  semi-diameter  is  seen  at  any  of 
him  not  only  to  measum  ihe  dimensions  of  thase  bodies.*  But  such  a  mode  is  altogether 
this  lower  world,  but  th^magnitudes  and  di»-  inapplicable  to  the  fixed  stars,  whose  distance 
tances  of  the  globes  which  roil  around  him  in  from  the  earth  is  so  great  that  the  horizontal 
the  heavens.  parallax  is  quite  imperceptible,     Astronomen 

There  is  no  saying  at  what  point  the  hu-  have  therefore  attempted  to  find  a  parallax  by 
man  fiiculties  will  stop  when  once  they  are  using  the  whole  diameter  of  the  earth's  an- 
aroused  to  active  operation,  and  stimulated  nual  oibit  as  a  base  Une^ — namely,  one  hun- 
to  exert  all  their  energies.  We  have  not  dred  and  ninety  millions  of  milesy — and  en- 
only  ascertained  the  bulk  of  the  terraqueous  deavouring  to  ascertain  whether  any  of  the 
globe,  its  spheroidal  figure,  its  diurnal  and  fixed  stars  appear  to  shift  their  position  when 
aimual  motionsHUid  the  relation  in  which  it  viewed  firom  the  opposite  extremities  of  this 
stands  to  other  bodies  in  the  universe,  but  line.  The  nature  and  mode  of  this  investi- 
we  have  determined  the  dimensions  of  the  gation  will  appear  from  the  following  expla- 
solar  system,  and  the  distances  and  magni-   nations: 

tudes  of  most  of  the  bodies  it  contains,  so  The  axis  of  the  earth  extended,  being 
that  we  can  now  ^ak  with  as  much  oer-  carried  parallel  to  Itself  during  its  annual 
tainty  of  the  distance  of  the  sun,  or  of  Jupiter  revolution  round  the  sun,  describes  a  circle  in 
and  Saturn,  as  we  can  do  of  the  distance  of  the  sphere  of  the  fixed  stars  equal  to  the  orbit 
London  firom  Paris,  or  of  the  distances  of  any  of  the  earth.  Thus,  (fig.  5.)  let  A  B  C  D 
two  places  on  the  sur&ce  of  the  earth.  This  be  the  orbit  of  the  earth,  S  the  sun,  the  dot- 
is  an  achievement  which  at  first  view  might  ted  lines  the  axis  of  the  earth  extended ;  this 
have  appeared  beyond  the  power  of  human  axis,  when  the  earth  is  at  A,  points  at  a  in 
genius  to  accomplish ;  but  by  the  unwearied  the  sphere  of  the  heavens ;  when  the  earth  is 
observations  of  modem  astronomers,  and  the  at  B,  it  points  at  b ;  when  at  C,  it  points  at 
application  of  mathematical  principles  to  sudi  c;  and  when  at  D,  it  points  Bid;  so  that  in 
observations,  they  have  been  enabled  to  trace  the  course  of  a  year  it  describes  the  circle  a  b 
the  exact  movements  of  the  machinery  which  c  d  in  the  sphere  of  the  heavens,  equal  to  the 
is  in  operation  around  us,  and  to  determine  circle  A  B  C  D,  But  although  the  oibit  of 
with  precision  the  relative  distance  and  posi-  the  earth,  and  cpnsequently  the  circle  abed, 
tion  of  every  planet  within  the  system  of  the  be  immensely  large,  no  1^  than  many  mil- 
sun.  There  are  limits,  however,  beyond  lions  of  miles  in  diameter,  yet  it  is  but  a  point 
which  it  is  difficult  for  the  human  fiiculties  to  in  comparison  of  the  boundless  sphere  of  the 
penetrate.  The  planetary  system  comprises  heavens.  The  angle  under  which  it  appears 
an  area  so  vast  that  imagination  is  almost  lost  to  an  inhabitant  of  the  earth  is  insensible  by 
in  the  conception.  A  circle  drawn  around  any  instruments  or  observations  that  have 
its  drcumferenoe  would  measure  more  than  hitiierto  been  made,  and  therefore  the  celes* 
eleven  thousand  millions  of  miles ;  and  a  body  tial  poles  appear  in  the  same  points  of  die 
moving  at  the  rate  of  thirty  miles  an  hour  heavens  during  the  whole  of  the  earth's  an- 
would  require  above  forty-two  thousand  years  nual  course.  The  star  H  is  nearer  the  p<»iit 
to  complete  the  circuit ;  still  these  vast  di-  a  than  it  is  to  the  point  c  by  the  whole  length 
mensions  are  within  the  limits  of  measurable  of  the  line  a  c,  yet  if  this  tine  a  c,  great  as  it 
distance.  But  when  we  attempt  to  pass  b^  is  when  viewed  firom  the  earth,  should  occwpj 
yond  the  boundaries  of  this  system  into  the  no  aeruible  space  in  the  sphere  of  the  heavens, 
illimitable  spaces  which  lie  beyond,  all  our  the  star  will  appear  at  the  same  distance  fiom 
usual  modes  of  computation  begin  to  fiiil,  and  the  pole  throughout  every  portion  of  the  an- 
the  mind  is  overpowered  and  bewildered  nual  revolution,  and  consequently  will  have 
amidst  boundless  space,  and  the  multiplicity  ,no  parallax, — which  u  found  to  be  the  fact 
of  orbs  which  fill  the  regions  of  immensity.  If  the  annual  parallax  of  a  fixed  star  were 
We  can  tell  that  some  of  the  nearest  of  these  sensible,  the  star  would  appeaf  to  change  its 
orbs  are  not  within  a  certain  distance,  but  place  so  as  to  describe  a  small  ellipsis  in  the 
how  fiu*  they  may  lie  beyond  it  the  most  ex-  sphere  of  the  heavens  in  the  course  of  a  year, 
pert  astronomer  has  never  yet  been  able  to  or  an  annual  revolution  of  the  earth.  Thus, 
compute.  ]BtGEFI  (fig.  6)  be  the  orbit  of  the  earth. 

The  principal  mode  by  which  the  distance  and  K  the  star  to  be  observed^ — if  we  ima- 
of  the  fixed  stars  has  been  attempted  to  be  gine  a  straight  line  to  be  drawn  fixmi  the 
determined  is  by  endeavouring  to  ascertain  earth  at  G  th^gh  the  star  to  a  point  in  the 
whether  any  of  them  have  an  annual  parcJr  heavens,  as  at  t,  that  visual  line  G  i  being 
lax*  I  have  already  explained  the  mode  by  carried  along  with  the  earth  in  its  annual 
which  the  distances  of  the  sun,  moon,  and  •  •<  Qetestlal  Seenery,"  pp.  141. 142. 
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■KHiony  will  describe  the  ellipte  h  n  i;  in 
other  words,  the  motion  of  the  earth  round 
ili  orfait  G  E  F  /will  make  the  star  appear 


Fig.  6. 


Fig.  6. 


lo  go  round  the  ellipse  hnu  If  the  star  K 
were  in  the  pole  of  the  ecHptic,  the  ellipse  it 
described  would  have  the  same  eccentricity 
as  the  orbit  of  the  earth,  and  consequently 
would  diflfer  veiy  little  from  a  circle ;  if  it  were 
at  any  distance  from  the  pole  of  the  ecliptic,* 
the  greater  that  distance,  the  more  oblong 
would  be  the  ellipse.  If  Uie  star  were  in  the 
plane  of  the  ecliptic,  the  ellipse  would  become 
a  straight  line,  as  t  A,  in  which  the  star  would 
appear  to  move  one-half  of  the  year  accordr  g 
to  the  order  of  the  signs,  and  contrary  \r  the 
order  of  the  signs  during  the  other  Lalf, — 
aomewhat  similar  to  the  appearance  which 
the  moons  of  Jupiter  present  when  movmg 
between  the  opposite  points  of  their  orbits. 
If  therefore  the  stan  were  at  a  moderate  dis* 
tanoe  from  the  earth,  so  that  the  diameter  of 
the  earth's  orbit,  G  F,  bore  a  sensible  pro- 
portion to  that  distance,  the  star  would  be 
£rand  at  one  time  of  the  year,  suppose  the 
month  of  December,  at  the  point  t,  and  at 
the  opposite  season,  in  the  month  of  Juno,  at 
the  point  A  /  and  if  the  angle  {  K  h,  which  is 
equal  to  the  angle  G  KF  could  be  found, 

•  Tbtf  fcU  of  the  ellipBe  Is  tbat  point  in  the  hea- 
Ten*  which  Is  faitbcet  distant  from  the  plane  of 
the  earth's  orbit,  or  00^  fVoni  every  part  of  it.  as 
the  north  pole  of  the  earth  is  the  point  disunt  00^ 
from  the  equator.  The  poie  of  any  circle  is  a  point 
OD  the  surface  of  the  sphere  90^  distant  from  every 
pan  of  that  cirele  of  which  &  is  the  pole. 


it  would  constitute  what  is  termed  the  annua 
parallax;  and  having  obtained  this  parallax, 
and  knowing  the  extent  of  the  base  line  G  F, 
or  the  diameter  of  the  earth's  ort>it,  the  dis- 
tance of  the  stars  whose  parallax  was  ascer- 
tained could  then  be  determined  by  an  easy 
process  in  trigonometry ;  for  as  radius :.  is  to 
the  sine  of  the  angle  t  Kh  -.  GKF:  :  so  is 
the  diameter  of  the  orbit  of  the  earth,  190,- 
000,000  of  miles :  to  a  fourth  number,  which 
would  express  the  distance  of  the  particular 
stars  from  our  globe. 

But  this  angle,  in  respect  to  any  of  the  stars, 
has  never  yet  been  ascertained ;  although  as- 
tronomers for  more  than  a  century  past  have 
used  the  most  accurate  instruments  which 
ingenuity  could  contrive,  and  the  most  un- 
wearied observations  in  order  to  determine  it. 

Galileo  appears  to  have  been  the  first  who 
thought  of  trying  whether  the  annual  paral- 
lax of  the  stars  were  discoverable.  Taking 
lor  granted  that  the  stars  are  placed  at  dilTe- 
rent  distances  from  the  earth,  and  that  those 
stars  which  are  nearest  vrill  appear  the  largest, 
he  suggested  that,  by  observing  with  a  tele- 
scope two  stars  veiy  near  each  other,  one  of 
the  greatest  and  the  other  of  the  least  magni- 
tude, their  apparent  distance  from  each  o^er 
might  perhaps  be  found  to  vary  as  they  were 
viewed  from  difierent  parts  of  the  earth's  or- 
bit at  difierent  times  of  the  year ;  but  no 
change  of  position  whatever  was  at  that  period 
perceived. 

If  any  change  of  this  kind  were  perceptible, 
it  behoved  to  be  a  change  either  in  the  longi- 
tude or  latitude  of  the  stars  fixed  upon  as  the 
subject  for  observation.  These  are  found,  not 
directly,  but  by  first  determining  their  declina- 
tion and  right  ascension.  The  declination 
of  a  star  is  found  by  taking  its  meridian  alti- 
tude, and  subtracting  the  height  of  the  equa^ 
tor;  the  right  ascension  is  found  by  the  time 
of  its  coming  to  the  meridian.f  We  have 
thus  two  methods  pointed  out  of  attempting 
to  determine  the  annual  parallax  of  the  stars: 
one,  by  observing  if  any  change  can  be  dis- 
covered in  the  meridian  altitudes  of  the  same 
star  at  diflcrent  times  of  t^o  year ;  the  otlter, 
by  examining  whether  the  intervals  of  time 
between  any  t\^o  stars  coming  to  the  meridian 

f  The  latitude  of  a  star  is  Its  distance  Oom  the 
eetiptie,  either  north  or  south,  counted  towards  the 
pole  of  the  eciipiic.  Its  longitude  i^  <u  distance 
ttom  the  first  point  of  Aries,  reckoned  eastward 
on  the  •eliptie.  The  declination  of  a  star  is 
its  distance  from  the  tquinotiial  north  or  south, 
and  the  greatest  declination  it  can  liave  la  00® 
Its  right  ascension  is  its  distance  from  the  first 
point  of  Aries,  reckoned  on  the  equinoctial  east, 
ward  round  the  sphere  of  the  heavens,  or  thai 
degree  of  the  equinoctial  which  comes  to  tha 
meridian  with  the  star.  By  the  right  ascension 
and  declination  \he  situation  of  stars  In  the 
heavens  is  determined,  as  Uiat  of  places  on  the 
earth  by  longitude  and  latitude. 
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are  equal  thronghout  the  year.  If  there  be  April  than  in  September,  and  greater  in  July 
any  eensible  change  of  declination  in  any  of  and  May  than  in  April ;  and  from  the  wbote 
the  stars,  it  must  be  greatest  in  those  which  of  his  observations  he  deduced  that  its  appa- 
are  near  the  poles  of  the  ecliptic ;  but  the  rent  distance  from  the  pole  in  June  must  be 
change  of  right  ascension  must  be  greatest  in  forty-six  seconds  different  from  that  in  De- 
stars  in  the  solstitial  colure,  and  nearest  the  cember.  But  even  Flamstead  himself  speaks 
pole  of  the  equinoctiaL  of  these  observations  Tiith  a  great  d^  of 

The  following  is  the  plan  by  which  the  dis-  diffidence,  owing  to  his  doubts  about  the  rego- 

coveiy  of  the  annual  parallax,  by  the  change  lar  divisions  of  his  instruments. 
of  the  declination  of  the  stars,  may  be  at-       From  these  observations  of  Hook  and  Flam- 

tempttid.    Let  a  telescope  be  placed  pcrpen-  stead,  supposing  them  to  be  nearly  correct, 

dicular  to  the  horizon,  and  through  this  instru-  Mr.  Whiston  computed  that  the  greatest  an- 

ment,  when  accurately  adjusted,  observe  some  nual  parallax  of  a  star  in  the  pole  of  the  eclip- 

star  in  or  near  the  solstitial  colure,*  which  tic  is  forty-seven  seconds ;  and  hence  he  cal- 

passes  tlirough  the  zenith,  or  very  near  it   If  culated  the  distance  of  such  stars  to  be  about 

the  parallax  of  the  star  be  sensible,  there  will  9000  semidiameters  of  the  earth's  orbit,  then 

appear  a  difference  in  its  altitudes  at  different  estimated  at  eighty  millions  of  miles,  or  about 

periods  of  the  year,  and  its  altitudes  at  the  two  700,000,000,000,  that  is  seven  hundred  thou- 

solsticerj-  will  di£^r  most  from  each  other,  sand  millions  of  miles, — a  distance  so  great 

In  the   month  of  June  a  star  that  passes  that  it  would  require  a  cannon  ball,  moving 

through  the  zenith  of  any  place,  in  north  lati-  500  miles  an  hour,  more  than  160,000  years 

tude,  will  in  December  pass  south  of  the  ze-  to  move  across  this  immense  intervaL    But 

nith,  and  a  star  that  in  December  passes  we  have  reason  to  believe  that  the  distance 

through  the  zenith  will  in  June  pass  to  the  of  the  nearest  stars  from  our  globe  is  at  least 

north  of  it,  if  there  be  any  sensible  parallax,  forty  times  the  distance  now  stated ;  for  mn» 

The  celebrated  Dr.  Robert  Hook  was  among  dem  astronomers  would  long  since  havede> 

the  first  who  suggested  this  method  of  attempt-  termined  the  annual  parallax  had  it  been 

ing  to  find  the  parallax  of  the  stars.    In  tiie  nearly  so  great  as  Hook  and  Flamstead  snp- 

year  1669  he  endeavoured  ta  put  it  in  prao-  posed ;  nay,  had  it  amoimted  to  2''  instead  of 

tioe  at  Gresham  College,  with  a  telescope  of  4f  this  grand  problem,  as  it  respects  the 

thirty-six  feet  in  length.    His  observation  was  nearest  stars,  would  have  been  resolved, 
made  on  the  6th  of  July,  on  the  bright  star       The  human  mind,  when  ardently  engaged 

in  the  head  of  Draco  marked  Gamma,    On  in  the  pursuit  of  any  object,  is  seldom  deterred 

that  day  it  passed  ^  l^'  nortii  of  the  zenith,  by  difficulties ;  and  astronomers  in  particular, 

On  July  9th  it  passed  at  the  same  distance  as  notwithstanding  the  intricacies  and  difficulties 

before.    On  the  6th  of  August  the  star  passed  connected  with  many  of  the  objects  of  their 

north  of  the  zenith  2'  6",  and  on  the  21st  of  Investigation,  have  persevered  in  their  obser- 

October  it  passed  1'  48"  north  of  the  zenith,  vations  and  researches,  and  have  not  unfie- 

But  at  that  period  astronomical  instruments  quentiy  arrived  at  the  most  important  and  un- 

were  not  constructed  with  such  accuracy  as  to  expected  results.     In  the  year   1725,  Mr. 

enable  the  observer  to  determine  with  preci-  Molyneux,  doubtful  of  the  accuracy  of  the 

sion  the  quantity  of  so  small  angles;  and  even  observations  of  Hook  and  Flamstead,  began 

Dr.  Hook  himself  could  place  no  great  reli-  a  series  of  observations,  to  ascertain,  if  possi- 

ance  on  such  observations.   In  the  year  1689,  ble,  the  true  annual  parallax.    Assistod  hj 

Flamstead,  the  astronomer  ro3ral,  commenced  Dr.  Bradley,  he  placed  a  telescope  of  twentf- 

similar  observations  with  an  instrument  adapted  four  feet  long  perpcndiculariy  at  his  house  al 

to  a  refracting  telescope  seven  foet  long,  and,  Kew,  and  began  to  observe  the  same  bright  star 

after  numerous  observations,  he  supposed  that  in  Draco  as  Hook  had  done.    From  the  3d  of 

he  found  the  pole  star  nearer  the  pole  in  De-  December  that  year  it  was  found  that  the  star 

cember  than  in  the  months  of  April,  May,  did  not  sensibly  change  its  distance  from  the 

July,  August,  or  September;  and  that  its  ap-  zenith  for  several  days.    On  December  17th 

parent  distance  from  the  pole  was  greater  in  it  passed  a  littie  more  southerly,  and  continued 

gradually  to  pass  more  and  more  southerly  at 

•  The  eoUru  are  two  great  circles   paiaing  every  transit  over  the  meridian  till  the  begin- 

tbrough  the   polee  of  the  wond;  one  of  them  »,;„„rtf  W«iv.li    wKam  it  was  fmiTi<1  in  tmjk 

passes  through  the  equinoctial  points  Aries  and  ««»? of  March,  when  it  was  found  to  pass 

Libra,  which  is  called  the  equinoctial  coUre ;  iti  twenty  seconds  more  southeriy  than  at  the 

other  through  the  solstitial  points  Cancer  and  time  of  the  first  observation.  About  the  middle 

Capiicorn,  called  the  solatUial  colure.    They  are  ^  Anril  it  axm^sarA  tn  he  retnminir  towards 

drawn  on  all  celestial  globes  and  planispheres.  ^  Apru  11  appeared  10  De  rewirmng  rowanis 

fThe  eoUtitial  poinu,  or  solstices,  are  where  uie  north,  and  at  the  begmnmgot  June  it 

the  ecliptic  touches  the  flret  points  of  Cancer  and  passed  tiie  meridian  at  the  same  distance  fixnn 

Capricorn.    The  summer  solstice  is  on  the  ilsl  of  *»»*»  •«»;*>!  aa  ;««  nA<M>miwn.  «>•«»  it  was  fir«t 

June ;  the  winter  solstice  Is  on  the  91si  of  De*  ^  "^^^  "*  ™  ^f^^^J^'  ^^^"^  **  ^  **"* 

cember.  observed.    From  that  time  it  appeared  mors 
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and  mare  northerly  at  eyeiy  tnoMit  till  Sep- 
tember follovring,  being  then  twenty  seccHids 
more  northerly  than  in  June,  and  no  leas  than 
thirty-nine  aeconda  more  northerly  than  in 
March.  From  September  the  star  returned 
towazdd  the  south  till  it  arrived,  in  December, 
at  the  same  situation  in  which  it  was  found  a 
twelvemonth  before. 

The  result  of  these  observations,  so  difle- 
leot  from  what  was  expected,  was  a  mattep 
of  great  surprise  to  the  observers ;  for  it  ap- 
peved  that  the  star  was  thirty-nine  seconds 
mare  northerly  in  September  than  in  March, 
hui  ihe  conJtrary  to  what  it  ought  to  ajD>gear 
hf  the  atmucU  parallax  of  the  tiara.  This 
nay  be  illnatrated  by  the  following  figure : 

FSg.  7. 


Let  A  B  C  D  represent  the  orbit  of  the 
earth,  and  A  and  C  the  place  of  the  earth  at 
two  opposite  periods  of  the  year ;  then  a  fixed 
olject  at  E  will  be  seen  firom  the  earth  at  A, 
in  the  line  A  E,  which  will  point  out  its  ap- 
parent place  at  &  in  the  concave  expanse  of 
the  diy.  But  at  the  opposite  period  of  the 
year  itwiil  be  seen  from  the  earth  at  Cin  the 
iiTA  C  J?,  which  will  project  its  place  in  the 
heavens  at  jP;  so  that  while  the  earth  has 
passed  from  ^  to  C  the  object  will  appear  to 
have  moved  from  G  to  F,  through  the  space 
O  Ff  provided  there  be  any  sensible  parallax. 
Now,  in  the  case  of  the  observations  stated 
above,  the  observers  who  in  September  saw 
the  star  at  F,  did  in  March  following  observe 
it  at  £;  in  the  right  lineii  iT,  parallel  to  C  F, 
■nd  not  at  G,  where  it  ought  to  have  appeared 


by  the  parallactic  motion;  so  that,  instead 
of  finding  a  parallax,  they  found  a  result  di- 
rectly opposite  to  what  they  expected,  which 
exceedingly  perplexed  the  observers,  and  one 
of  them,  Mr.  Molyneux,  died  before  the  true 
cause  of  it  was  discovered. 

Some  time  afterwards  Dr.  Bradley  repeated 
the  same  observations  with  an  instrument  of 
great  accuracy,  to  which  was  upended  a 
telescope  twelve  and  a  half  feet  long.  With 
this  instrument,  which  was  so  nicely  adjusted 
that  he  could  depend  upon  it  even  to  half  a 
second,  he  continued  his  observations  for  more 
than  two  years,  not  only  on  the  bright  star  m 
Draco,  above  alluded  to,  but  on  many  otlier 
stars,  and  always  observed  the  same  appear- 
ances and  arrived  at  the  same  results.  At 
last,  after  many  reflections  and  conjectures  on 
the  subject,  h^  arrived  at  the  following  con- 
clusion— ^namely,  that  the  phenomenon  he 
had  observed  was  owing  to  **  the  progressive 
motion  of  light,  and  the  sensible  proportion 
which  its  velocity  bears  to  the  velocity  of  the 
annual  motion  of  the  earth."  In  other  words, 
that  the  motion  of  Ught,  combined  with  the 
progressive  motion  of  the  earth  in  its  orbit, 
causes  the  stars  to  be  seen  in  a  different 
position  from  what  they  would  be  if  the  eye 
were  at  rest.  This  position,  after  it  was  ex- 
plained and  demonstrated,  was  considered  as 
one  of  the  most  brilliant  discoveries  which 
had  been  brought  to  light  during  the  last 
century.  It  agrees  with  the  velocity  of  Ught 
which  had  been  deduced  from  the  eclipses  of 
Jupiter's  satellites,  and  it  amounts  to  a  sensv' 
ble  demonstration  of  the  annual  motion  of 
the  earth.  The  observations  which  led  to 
this  discovery  likewise  prove  the  immense 
distance  of  the  stars  from  the  earth ;  for  Dr. 
Bradley  assures  us,  from  the  accuracy  with 
which  they  were  conducted,  that  if  the  annual 
parallax  had  amounted  to  so  much  as  one  tf^cofuT 
he  should  have  discovered  it. 

If,  then,  the  greatest  annual  parallax  of 
the  nearest  stars  does  not  amount  to  one 
second,  their  distance  must  be  immense. 
Supposing  the  parallax  to  be  exactly  one 
second,  the  distance  of  a  star  having  thu  par- 
allax will  be  found  by  the  following  trigono- 
metrical proportion : — As  the  sine  of  I" :  is 
to  radius : :  so  is  t&e  semi-diameter  of  the 
earth's  orbit :  to  a  fourth  number,  which  ex- 
presses the  distance  of  the  star.  Now,  a 
parallax  of  one  second  determines  the  object 
to  be  212,000  times  further  from  the  earth 
than  is  the  sun.  The  distance  of  the  sun  is 
95,000,000  of  miles,  which,  multiplied  by 
212,000,  produces  20,140,000,000,000,  or 
more  than  twenty  billions  of  miles.  This 
distance  is  absolutely  certain  :  it  follows,  as  a 
matter  of  course,  if  the  annual  parallax  wore 
determined  to  be  one  second.    It  is  the  very 
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katt  distance  at  ^diich  any  of  the  fixed  stan 
eaa  be  situated  from  our  globe  ;  but  as  the 
parallax  does  not  amount  to  this  quantity, 
their  distance  must  be  much  forther  thiu  what 
is  here  stated,  perhaps  not  less  than  double  or 
treble  that  distance.  We  may  acquire  some 
faint  idea  of  the  immense  distance  stated  above 
by  considering  that  a  cannon  ball,  flying  with 
uniform  velocity  500  miles  every  hour,  would 
require  four  milluma,  and  fivt  hundred  and 
nituty'fiot  thoueand  y^ore  before  it  could 
reach  an  object  at  the  distance  we  have  stated. 
Such  are  the  ample  andinooncetvable  dimen- 
sions of  the  spaces  of  the  universe. 

Several  other  methods  have  been  resorted 
to  by  astronomers  in  order,  if  possible^  to  de- 
termine the  distance  of  the  stars,  but  most  of 
them  are  founded  upon  assumptions  which 
have  not  yet  been  proved.    The  celebrated 
Huygens,  as  recorded  in  his  ^  Cosmotheoros," 
despairing  of  being  able  to  find  an  annual 
parallax,  resorted  to  the  following  method : — 
supposing  that  the  star  Siriue,  one  of  the 
brightest  fixed  stan  in  the  heavens,  to  be 
equal  in  lustre  and  magnitude  to  the  sun,  he 
endeavoured  to  diminish  the  apparent  diameter 
of  the  sun  to  the  eye,  so  that  it  should  appear 
no  larger  or  brighter  than  Sinus  appears  to  a 
common  observer.    For  this  purpose  he  closed 
one  end  of  a  twelve  feet  tube  with  a  very 
thin  plate,  in  the  middle  of  which  he  made  so 
small  a  hole  that  a  very  minute  glass  globule 
being   put    into    it,  so  very  small  did    the 
sun  appear  to  the  eye  placed  at  the  other  end 
of  the  tube,  that  the  light  transmitted  to  the 
eye  seemed  not  more  iqplendid  than  that  which 
we  behold  transmitted  fi'om  Sirius  with  the 
naked  eye.    Having  calculated,  on  the  princi- 
ples of  optics,  the  quantity  of  diminution  of 
the  sun's  apparent  diameter,  he  found  it  to  be 
only  the  fy^^fth  part;  or,   the  light  and 
diameter  of  the  sun  appeared  27,664  times 
smaller  than  what  we  daily  see.    Hence  he 
concluded  that  were  the  sun  at  27,664  times 
his  present  distance  from  us,  he  would  appear 
as  small  as  Sirius ;  and  consequently,  if  Sirius 
be  of  the  same  magnitude  as  the  sun,  the 
distance  of  that  star  must  be  27,664  times 
greater  than  the  distance  of  the  sun  from  the 
earth,  or    2,628,080,000,000,— tliat  is,  two 
billions,  six  hundred  and  twenty-eight  thou- 
sand and  eighty  millions  of   miles.    This 
method  of  determining  the  distance  of  the 
stars  depends  upon  two  assumptions : — 1st, 
that  the  sun  and  Sirius  are  equal  in  magni- 
tude ;  and  2d,  that  the  eye  judged  correctly 
of  the  equality  of  the  small  intercepted  portion 
of  the  sun  to  Sirius ;  botli  of  which  must  be 
considered  as  uncertain.    But  it  corroborates 
the  general  position  of  the  very  great  distance 
oi  the  stars. 
On  a  principle  somewhat  similiar,  but  by 
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experiments  condocted^  With  far  greater  te> 
curacy.  Dr.  Wollaston  endeavoured  to  deter 
mine  the  same  problem  in  relation  to  the  fitaia 
**  This  gentleman,"  Sir.  J.  Herschel  lemaiks, 
«  by  direct  {diotometrical  experiments,  open, 
as  it  would  seem,  to  no  objections,  has  as- 
certained the  lifl^t  of  Sirius,  as  received  by 
us,  to  be  to  that  of  the  sun  as  1  to  20,000^ 
000,000.  The  sun,  therefore,  in  order  that 
it  should  appear  to  us  no  brighter  than  Sirius, 
would  require  to  be  removed  141,400  times  its 
actual  distance.  We  have  seen,  however 
thai  the  distance  of  Sirius  cannot  be  so  small 
as  200,000  times  that  of  the  sun.  Hence  it 
follows  that,  upon  the  lowest  possible  compu- 
tation, the  li^t  really  thrown  out  by  l^us 
cannot  be  so  little  as  double  that  emitted  by 
the  sun;  or  that  Sirius  must,  in  point  of  in- 
trinsic splendour,  be  equal  to  two  suns,  and 
is,  in  all  probability,  vastly  greater." 

The  late  Sir  William  Herschel  proposed 
another  method  of  determining  the  annual 
parallax  by  means  of  double  stars,  iMch.  he 
supposed  would  be  fi«e  from  the  errors  of 
other  methods,  and  of  such  a  nature  that  the 
parallax,  even  if  it  should  not  exceed  the  tentk 
part  of  a  second,  may  still  become  visible. 
The  following  figure  and  description  will  con- 
vey a  general  idea  of  this  method : 

Let  A  and  B 
Fig.  8.  (fig.  8)  represent 

jD  the  earth  at  two 
opposite  points  in 
its  orbit,  and  C 
and  D  two  stan 
of  difierent  magni- 
tudes. Then,  if 
when  the  earth  is 
at  ^,  the  two  Stan 
appear  to  us  near 
each  other,  as  at 
C  and  £,  itwas 
thought  that  when 
the  earth  arrived 
at  A  the  two  stan 
might  appear  fur- 
ther apart,  as  at  C 
and  jD;  in  other 
words,  that  the  angles  at  which  they  would 
appear  to  us  in  the  two  cases  would  be  dififerent, 
the  angle  D  AC  being  Urger  than  the  angle 
D  B  C,in  which  case  the  angle  of  parallax 
might  be  computed.  But  it  does  not  appear 
that  any  difference  in  the  angles  refenred  to 
has  yet  been  found,  or  that  any  definite  con- 
clusions respecting  parallax  have  hitherto 
been  deduced  fiomthis  method,  excepting  the 
general  position  that  the  stars  are  at  too  great 
a  distance  to  be  subjected  to  our  calcuiatioitfi 
or  that  our  angular  instruments  are  still  in 
too  imperfect  a  state  to  detect  so  small  so 
angle  as  that  of  the  amiual  parallax. 
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While  writing  the  above,  (December,  183S,)  aBtronomera.  I  ehall  therefore  only  atate  his 
I  perceived  an  announcement  in  certain  lite-  general  conclusion,  which  seema  to  be  logiti- 
raiy  journals,  that  Professor  Bessel,  of  mately  deduced  from  his  observations  and 
Konigsberg,  had  addressed  a  letter  to  Sir  John  reasonings,  and  may  be  considered  at  least  as 
Herschel,  which  was  immediately  communi-  a  very  near  approximation  to  the  point,  if  not 
caled  to  the  Royal  Astronomical  Society,  perfectly  correct  The  result  then  is,  that 
containing  an  account  of  the  discovery  of  the  the  annual  parallax  of  the  star  61  Cygni  is 
annual  parallax  and  the  observations  on  which  0".3136;  that  is,  somewhat  less  than  one- 
it  was  founded.  In  the  introduction  to  this  third  of  a  seconds  It  follows  that  tUe  dis- 
communication  ProfessorBessel  say  a— <*  After  tance  of  this  star  from  the  sun  La  657,700 
so  many  unsuccessful  attempts  to  determine  times  the  mean  distance  of  the  earth  from  the 
the  parallax  of  a  fixed  star,  I  thought  it  worth  sun ;  and  as  the  distance  of  the  sun  fit>m  the 
while  to  try  what  might  he  accomplished  by  earth  is  96,000,000  of  miles,  this  number 
means  of  the  accuracy  which  my  great  Fraun-  multiplied  by  the  former  produces  62,481, 
hofer  hetiometer  gives  to  the  observations.  I  500,000,000,  or  sixty-two  billioks,  four 
undertook  to  maSe  this  investigation  upon  the  hundred  and  eighty-imt  thousand  five  nun' 
star  61  Cygnij  which,  by  reason  of  its  great  dred  millioits  of  miles,  which  is  the  distance 
proper  motion,  is  perhaps  the  best  of  all,  ofthestar61  Cygnt  from  the  sun,  and  which 
which  affords  the  advantage  of  being  a  double  of  course  is  neany  about  the  same  distance 
star,  and  on  that  account  may  be  observed  from  the  earth ;  the  earth  being  'm.  one  "part 
with  greater  accuracy,  and  which  is  so  near  of  its  course  ninety-five  millions  of  miles 
the  pole  that,  with  the  exception  of  a  small  nearer  the  star  than  this  distance,  and  in  the 
part  of  &e  year,  it  can  always  be  observed  at  opposite  part  of  it  ninety-five  millions  of  miles 
night  at  a  sufficient  distance  from  the  hori-  beyond  it.  This,  T  have  no  doubt,  vdll  be 
zon."  The  professor  began  his  observations  considered  as  one  of  the  most  interesting  and 
in  September,  1834,  but  various  circumstances  splendid  discoveries  which  have  been  made 
prevented  them  from  being  regulariy  conti-  in  astronomy  for  a  century  past  It  lays  a 
nued  at  that  period  They  were  resumed  in  foundation  for  precise  and  definite  conceptions 
1837  virith  certain  hopes  of  success.  He  se-  of  the  distances  of  some  of  the  starry  orbs, 
kcted  among  the  small  stars  which  surround-  of  the  amplitude  of  the  celestial  regions,  and 
ed  the  double  star  61  Cygni  two  stars  be-  of  the  magnitude  and  grandeur  of  those 
twccn  the  ninth  and  tenth  magnitudes,  of  countless  orbs  which  diversify  the  spaces  of 
which  one  (a)  is  nearly  perpendicular  to  the  immensity.  It  likewise  proves  to  a  demon- 
line  of  direction  of  the  double  star,  the  other  stration  the  annual  motion  of  the  earth  round 
{b)  nearly  in  this  direction.  He  measured  the  sun,  and  all  the  principles  and  phenomena 
with  the  heliometer  the  distances  of  these  with  which  it  is  connected,  as  well  as  corro- 
stars  from  the  point  which  bisects  the  distance  borates  the  general  views  of  former  astrono- 
between  the  two  «^<irs  61  Cygni,  and  gene-  mers  respecting  the  immense  distance  of  the 
rally  repeated  the  observations  sixteen  times  fixed  stars. 

every  night,  and  when  the  atmosphere  was       Professor  Bessel  concludes  Us  communica> 

nnosually  steady  he  made  more  numerous  tion  in  these  words  >— ^  As  the  annual  proper 

repetitions.   The  places  of  both  stars,  referred  motion  of  a  Cygni  amounts  to  5".  123  of  a 

to  the  middle  point  of  the  double  star,  ho  cal-  great  circle,  the  relative  motion  of  this  star 

colated,  for  the  beginning  of  1838,  to  be-^  and  the  sun  must  be  considerably  more  than 

nxteen  semi-diameters  of  the  earth's  orbit, 

IMBUnee.  Angle  of  PosiUoa.  [that  is,  one  thousand,   five  hundred  and 

a    461'^617        201^     29^     24''  twenty  millions  of  miles,]  and  the  star  must 

b     706^^279         109^    22^     10^'  have  a  constant  aberration  of  more  than  52^'. 

When  we  shall  have  succeeded  in  determin- 

In  these  obaervaticms,  he  concentrated  his  ing  the  elements  of  the  motion  of  both  t!ie 

attention  as  fer  as  he  could  on  the  distance  stars  forming  the  double  star,  round  their 

of  tlie  small  stars  from  the  double  star,  as  common  centre  of  gravity,  we  shall  be  able 

being  the  most  important  point  to  be  ascer-  to  determine  the  sum  of  their  masses.  I  have 

tain^     His  communication  contains  tables  attentively  considered  the  preceding  observa- 

of  all  his  measures  of  distance,  fi«ed  from  the  tions  of  their  relative  positions,  but  I  consider 

eflects  of  refraction  and  aberration,  and  re-  them  as  yet  very  inadequate  to  afford  the 

duced  to  the  beginning  of  1838.  elements  of  the  orbit    I  consider  them  as 

It  would  be  uninteresting  to  the  general  sufficient  only  to  show  that  the  annual  angu- 

reader  to  enter  into  all  the  details  of  obsei^  lar  motion  is  somewhere  about  two-thirds  of 

vationa,  correcGons,  and  calculations  which  a  degree,  and  that  the  distance  at  the  begin- 

Professor  Bessel's  communication  contains,  ning  of  this  century  had  a  minimum  of  about 

aa  they  can  only  be  understood  by  practical  15^'.    We  are  enabled  hence  to  conclude 
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that  the  time  of  a  rerolution  is  more  than  hundred  and  fi%-«ix  milUona,  three  himdrrd 
540  years,  and  that  the  semi-major  axis  of  and  eighty-fi^e  thousand,  four  hundred  and 
the  orbit  is  seen  under  an  angle  of  more  than  sixty-six  years  before  it  could  pass  from  ooi 
15''.  If,  however,  we  proceed  from,  these  globe  to  the  star  alluded  to  above— a  numbe* 
numbers,  which  are  merely  limits,  we  find  of  years  sixty-one  thousand  times  greater 
the  sum  of  the  masses  of  both  stars  less  than  than  the  whole  period  which  has  clapsad 
half  ther  sun's  mass.  But  this  point,  which  since  the  Mosaic  creation, 
is  deserving  of  attention,  cannot  be  established  Such  distances  are  amazing,  and  almoct 
till  the  observations  shall  be  sufficient  to  de-  terrifying  to  the  human  imagination.  The 
termine  the  elements  accurately.  When  mind  is  bewildered,  confounded,  and  alinoit 
long-continued  observation  ofthe  places  which  overwhelmed,  when  attempting  to  fonn  a 
the  double  star  occupies  amongst  the  small  conception  of  such  portions  of  immensity,  and 
stars  which  surround  it  shall  have  led  to  the  feels  its  own  littleness,  the  limited  nature  of 
knowledge  of  its  centre  of  gravity,  we  shall  its  powers,  and  its  utter  incapacity  for  grasp- 
be  enabled  to  determine  the  two  masses  sepa-  ing  the  amplitudes  of  creation ;  but  although 
rately ;  but  we  cannot  anticipate  the  time  of  it  were  possible  for  us  to  wing  our  flight  to 
these  fVirther  researches  I  have  here  troubled  such  a  distant  orb  as  that  to  which  we  have 
you  with  many  paiticulars ;  but  I  trust  it  is  referred,  we  should  still  find  ourselves  stand- 
not  necessaiy  to  offer  any  excuse  for  this,  ing  only  on  the  extreme  verge  of  the  stany 
since  a  correct  opinion  as  to  whether  the  in-  firmament,  where  ten  thousands  of  other  otb«, 
vestigation  of  the  parallax  of  61  Ct/gni  has  a  thousand  times  more  distant,  would  meet 
already  led  to  an  approximate  result,  or  must  our  view.  We  have  reason  to  believe  that  a 
still  be  carried  further  before  this  can  be  apace  nearly  equal  to  that  which  we  are  now 
affirmed  of  them,  can  only  be  formed  from  a  considering  intervenes  between  most  of  the 
knowledge  of  these  particiUara.  Had  I  merely  stare  which  diversify  our  nocturnal  sky.  The 
oonununicated  to  you  the  result,  I  could  not  stare  appear  of  different  magnitudes ;  but  we 
have  expected  that  you  would  attribute  to  it  have  the  strongest  reason  to  conclude  that  in 
that  certainty  whidi,  according  to  my  own  the  majority  of  instances  this  is  owing,  not  to 
Judgment,  it  possessed."  the  difierence  of  their  real  magnitudes,  but  to 

The  distance  inferred  from  the  parallax  as-  the  different  distances  at  which  they  are  placed 
Ojl^  ■  <^^^^^^  hy  Bessel  is  more  than  three  times  fi^m  our  globe.  If,  then,  the  distance  of.  a 
v^  greater  than  what  was  formerly  considered   star  ofthe  firet  or  second  magnitude,  or  tboee 

yik.  the  kast  distance  of  any  of  the  fixed  stars,   which  are  nearest  us,  be  so  immensely  great, 

^>^  --  In  order  to  acquire  some  rude  conceptions  of  what  must  be  the  distance  of  stan  ofthe  six- 
this  distance,  it  may  not  be  inexpedient  to  teenth  or  twentieth  magnitudes,  which  can 
illustrate  it  by  the  times  which  certain  moving  be  distinguished  only  by  the  most  powerful 
bodies  would  require  to  move  along  such  a  telescopes  1  Some  of  these  must  be  acveral 
space.  Ligkt  is  the  swiftest  moving  body  thousands  of  times  more  distant  than  the  star 
with  which  we  are  acquainted ;  it  flies  from  61  Cygni,  whose  distance  now  appears  to  be 
the  sun  to  the  earth,  a  distance  of  ninety-five  determined.  And  what  shall  we  think  of  the 
millions  of  miles,  in  about  eight  minutes,  or  distance  of  those  which  lie  beyond  the  readi 
at  the  rate  of  192,000  miles  eveiy  moment  of  of  the  most  powerfril  telescopes  that  have  yet 
time;  yet  light,  ineomprehensively  swift  as  been  constructed,  stretching  beyond  the 
its  motion  is,  would  require  ten  yeara  and  utmost  limits  of  mortal  vision,  within  the  un- 
114  days  to  fly  across  this  mighty  interval;  explored  regions  of  immensi^l  Here  even 
so  that  if  the  star  61  Cygni  were  supposed  the  most  vigorous  imagination  dr(^  its  wing, 
to  be  only  just  now  laundied  into  existence,  and  feels  itself  utterly  unable  to  penetrate  Com 
It  would  be  more  than  ten  yeara  before  its  mysterious  and  boundless  unknown, 
light  could  reach  the  distant  globe  on  which  The  vastness  of  the  spaces  and  greatness 
we  dwell,  so  as  to  appear  like  a  small  star  of  the  distances  to  which  we  have  adverted 
twinkling  in  our  sky.  Suppose  a  cannon  ought  not,  however,  to  prevent  any  one  from 
ball  to  move  500  miles  every  hour  without  acquiescing  in  the  statements  we  have  now 
intermission,  it  would  require  fourteen  mil-  made ;  for  ^ace  is  boundless, — absolutefy  in- 
'      lions,  two  hundred  and  fiffy-five  thousand,   finite.     A  seraph  might  wing  its  flight  i^ith 

i^    '      four  hundred  and  eighteen  yean  before  it   the  swiftness  of  light  for  millions  o(  yean 
^  could  move  across  the  same  interval.    But  to   through  the  regions  of  immensity,  and  nevei 

eome  to  motions  with  which  we  are  mor^  arrive  at  a  boundary  where  it  might  be  said, 
familiar :  suppose  a  steam  carriage  to  set  out  "  Hitherto  mayest  thou  approach,  but  no  far- 
trom  the  earth  with  a  velocity  of  twenty  ther  ;^'  and  we  have  reason  to  believe,  from 
miles  an  hour,  or  480  miles  a  day ;  at  this  what  we  already  know  of  the  Creator  and  his 
rate  of  motion,  continued  without  intermis-  works,  that  during  the  whole  course  of  such 
•ton,  it  would  require  356,385,466,  or  three   an  excursion,  n^w  objects  and  new  aceuea  ol 
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gloiy  and  magiuficence  woald  be  continnally  Divinity,  so  that  science  and  revelation  corn- 
rising  to  his  view.    To  suppose   otherwise  pletely  harmonize  in  the  views  they  unfold  of 
woald  be  to  set  boundaries  to  space,  and  to  the  plans  and  arrangements  of  the  Deity,  and 
prescribe  limits  to  the  infinite  perfections  of  of  the  immense  spaces  which  intervene  among 
the  Divinity.    That  incomprehensible  Being  the  systems  of  the  universe, 
who  formed  the  univeiBe  fills  immensity  with       Whether  man  will  ever  be  permitted  to 
his  presence ;  his  power  and  wisdom,  and  all  traverse  any  of  the  vast  spaces  of  Ae  universe, 
his  other  perfections,  are  infinite  /  and  there-  to  which  we  have  now  adverted,  is  a  question 
fore  we  should  expect  that  the  plans  on  which  which  is  at  present  beyond  our  province  to 
he  has  constructed  the  systems  of  the  uni-  resolve.    In  our  present  state  of  corporeal  or- 
vene  should  be  like  himself^  vast,  boundless,  ganization  it  is  impossible  to  wing  our  flight 
and  uiconceivabi^  by  mortals.     Were  we  to  even  to  the  nearest  celestial  orb  in  that  sys- 
find  the  plans  ai  tiie  universe  circumscribed  tem  of  which  we  form  a  part,  much  less  to  the 
like  those  which  were  represented  by  the  an-  distant  starry  regions.    How  pure  spirits,  di»- 
dent  astronomers, — ^who  imagined  Ihe  firma-  connected  with  material  vehicles,  may  trans- 
ment  a  solid  sphere  with  a  number  of  tapers  port  themselves  from  one  region  of  creation  to 
whirled  round  the  earth, — ^we  should  be  apt  another,  it  is  impossible  for  us,  in  the  present 
to  think  that  the  Creator  of  the  world  was  a  state,  to  form  a  conception.    But  it  is  possible 
limited  being ;  but  when  we  contemplate  the  to  conceive  of  a  system  of  organization  far 
vast  amplitude  of  planetary  systems,  and  the  more  refined  than  the  present,  and  susceptible 
immense  spaces  by  which  they  are  separated  of  a  power  of  motion  fiur  surpassing  what  we 
fioffl  each  other,  we  behold  plans  and  opera-  have  an  opportunity  of  witnessing  in  this  ter- 
tions  which  are  in  perfect  unison  witii  the  restrial  sphere--~a  locomotive  power  which 
immensity  of  his  nature,  with  his  boundless  might  enable  an  intelligent  agent  to  keep 
power,  his  uncontrollable  agency,  and  his  uni-  pace  with  the  rapid  motions  of  the  celestial 
veml  presence.    Wherever  we  turn  our  eyes  orbs.    We  have  only  to  suppose  organical 
thrott^out  the  scene  of  nature,  and  fix  our  vehicles  constructed  with  matter  far  more 
attention  on  its  plans  and  movements,  we  subtile  and  refined  than  hydrogen  gas,  or  the 
miifonnly  find  the  Creator  acting  like  IRnv'  ethereal  fluid,  and  approximating  to  the  tena- 
telf;  and  in  no  case  is  this  more  strikingly  city  of  light  itself.    As  we  find  animalcule 
•  displayed  than  in  the  grandeur  and  magnifi-  many  thousands  of  times  less  than  the  least 
oenoe  of  the  orbs  of  heaven,  and  the  immense  visible  point,  their  bodies  must  be  constructed 
9paet9  with  wkieh  they  are eurrounded.  of  materials  extremely  subtile  and  refined; 
This  is  likewise  the  representation  which  and  hence  we  may  inferlhat  the  same  AUwise 
the  Scriptures  give  us  of  tiie  immensity  and  Intelligence  who  formed  such  minute  and  re- 
inoomprehensible  nature  of  the  Deity.  ^  Great  fined  structures  can  with  equal  ease  construct 
ii  Jehovah  and  of  great  power;  his  under-  a  material  organization  for  the  residence  of  a 
standing  is  infinite ;  his  greatness  is  unsearch-  rational  soul  out  of  the  finest  materials  which 
able."    He  is  not  only  **  high  above  all  na-  creation  can  supply,  and  endow  it  with  a  ca- 
tions," but  '<  his  gloiy  is  above  the  heavens.**  pacity  of  rapid  motion  superior  to  that  of 
"He  dweOeth  on  hig^,  and  humbleth  himself  some  of  the  celestial  globes  which  roll  around 
Co  hehoU  the  thingi^'  not  only  that  are  "  on  us.    It  is  not  improbable  that  angelic  beings 
the  earth,". bat  even  **  the  thmgs  that  are  in  are- connected  with  such  a  system  of  material 
the  heavens."     Vast  as  the  celestial  spaces  organization,  which  enables  them  to  move 
ue,  **  he  m^ted  out  heaven  with  the  ^span,"  with  rapidity  from  one  part  of  creation  to 
and  *<  stretched  forth   the  heavens  alone."  another;  and  itjs  possible  that  man,  In  a  fixture 
"Among  the  gods  there  is  none  like  unto  thee,  worid,  may  be  invested  with  such  vehicles 
neither  are  there  any  works  like  unto  thy  and  such  powers  of  rapid  motion.    At  tho 
works."    «  Canst  thou  by  searching  find  out  same  time,  even  with  sudi  locomotive  powers, 
God  ?    Canst  thou  find  out  the  Almighty  to  only  a  small  portion  of  the  universe  could  be 
perfection  1     Who  can  utter  the  mighty  ope-  supposed  to  be  visited  or  explored,  even  after 
rations  of  Jehovah  1    Who  can  show  forth  all  a  lapse  of  ages.    It  is  hi^y  probable  that,  at 
his  praise?     Lo,  these  are  but  parts  of  his  this  moment,  there  is  not  a  single  subordinate 
Ways,  but^tfae  thunder  of  his  power,  or  the  frdl  intelligence,  even  of  the  highest  order  of 
extent  of  his  omnipotence,  who  can  compre*  created  beings,  who  is  acquainted  with  every 
hendl"    In  relation  to  a  Being  who  is  ^us  region  of  universal  nature  and  the  objects  it 
described,  we  can  expect  nothing  but  what  is  contains,  and  that  the  greater  part  of  the  vast 
wonderful  and    incomprehensible  by  finite  universe,  with  its  scenery,  movements,  and 
minds.    The  declarations  of  inspired  men  inhabitants,  is   known  only   by  Him  who 
bear  testimony  to  the  discoveries  of  astronomy  formed  it  by  his  power  and  fills  it  with  his 
ts  in  perfect  unison  with  the  attributes  of  the  presence. 
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CHAPTER  V. 

On  the  Magnitude  of  the  Stan. 

lur  our  attempts  to  asoertain  the  magni-  diameters  of  the  fixed  stan  do  not  arise  fi-om 
tudes  of  anj  of  the  heavenly  bodies,  we  must  any  sensible  disk,  but  from  other  causes  with 
firat  endeavour  to  determine  the  distances  at  which  we  are  not  acquainted.  Dr.  Hallcy 
whidi^they  are  pSaced  from  our  abode ;  and  remarks  that  <<  the  diameters  of  Spica  Virgi- 
in  the  next  plaoB  we  must  measure,  as  accu-  nis  and  Aldebaran  (two  stars  of  the  first  ma|^ 
rately  as  possible,  the  apparent  diameters  of  nitude)  are  so  small,  tliat  when  they  happen 
the  bodies  whose  magnitudes  we  wish  to  de-  to  immeige  behind  the  daxk  edge  of  tiie  moon, 
termine.  The  extreme  difficulty  of  determin-  they  are  so  far  from  losing  their  light  gradu- 
ing  these  two  points,  in  certain  instances,  on  ally,  as  they  must  do  if  they  were  of  any  sensi- 
account  of  the  smallness  of  the  angles  which  ble  magnitude,  that  they  vanish  at  once  with 
require  to  be  measured,  has  hitherto  prevented  all  their  lustre,  and  emerge  likewise  in  a  mo- 
us  from  ascertaining  with  precinon  the  real  ment,  not  small  at  first,  but  at  once  appear 
magnitudes  of  the  bodies  connected  with  the  with  their  full  light,  even  although  the  emer- 
sidereal  heavens.  We  formerly  were  led  to  sion  happen  when  very  near  the  cu^,  where, 
conclude  on  good  grounds,  that  their  distances  if  they  were  four  seconds  in  diameter,  they 
were  almost  inmieasurably  great,  and  conse-  would  be  many  seconds  of  time  in  getting  en- 
quently  that,  as  they  emit  a  certain  degree  of  tirely  separated  from  the  limb.  But  the  con- 
splendour  to  our  eye,  even  from  such  remote  trary  appears  to  all  those  who  have  observed 
distances,  their  buSc  must  be  immensely  great  the  occultations  of  those  bright  stars."  Every 
But  no  precise  conceptions  could  be  formed  one  who  has  been  in  the  habit  of  viewing  the 
as  to  this  point  so  long  as  the  armual  parallax  stany  firmament  with  good  telescopes  will  at 
of  some  of  the  stars  remained  undetermined,    once   admit  that,  although  that  instrument 

The  annual  parallax  of  the  star  61  Cygni  brings  to  view  numerous  stars  which  the 
being  now  in  all  probability  ascertained,  (as  unassisted  sight  cannot  perceive,  yet  they  ap* 
stated  in  the  preceding  chapter,)  we  are  in  pear  only  as  luminous  points  vnth  no  well- 
possession  of  certain  data  which  may  lead  to  defined  sensible  diameters,  although  their 
the  determination  of  the  real  magnittide  of  light  is  much  more  brilliant  than  to  the  naked 
that  body.  But  a  difficulty  still  Temains.  The   eye. 

stars  are  found  to  have  no  sensible  diameters.  Hence  the  difficulty  of  determining,  with 
When  viewed  through  telescopes  of  the  precision,  the  real  magnitudes  of  any  of  the 
greatest  power,  they  present  no  visible  disks,  fixed  stars.  From  their  immense  distance  we 
or  well-defined  sur&oes  to  the  eye,  as  the  are  perfectly  certain  that  they  are  bodies  of 
planets  do,  when  viewed  through  such  instru-  immense  size,  otherwise  they  would  be  alto- 
ments,  but  appear  only  as  so  many  shining  gether  invisible  from  our  terrestrial  sphere,  or 
and  undefined  points.  When  they  are  viewed  firom  any  part  of  the  solar  system.  But  we 
through  a  telescope  of  moderate  size,  their  have  hitherto  obtained  no  sufficient  data  for 
diameters  appear  less  than  when  examined  estimating  their  exact  size,  as  we  have  done 
by  the  naked  eye,  but  considerably  more  bril-  in  relation  to  the  globes  which  compose  the 
liant  When  we  view  them  with  a  telescope  planetary  system.  Since,  then,  the  apparent 
of  greater  power,  the  apparent  diameters  vnU  diameters  of  the  stars,  even  those  of  the  Jirst 
be  somewhat  increased,  but  not  according  to  magnitude,  are  so  small  as  not  to  amount  to  a 
any  regular  proportion,  as  happens  in  the  single  second,  we  cannot  hope,  in  the  mean 
case  of  ths  planets;  and  even  when  seen  time,  to  .determine  their  measure  with  any 
with  the  same  power,  through  difierent  tele-  degree  of  certainty.  We  may  assign  them  a 
scopes,  their  apparent  magnitudes  are  not  pre-  measure  which  we  certainly  know  they  do  not 
cisely  the  same.  Sir  wSliam  Herschel,  who  exceed,  but  we  cannot  be  sure  that  that  mea- 
viewed  these  bodies  under  almost  every  aspect,  sure  is  not  too  great  All  luminous  objects 
uniformly  found  that  their  diameter  was  less  appear  larger  than  those  of  the  same  dimen- 
in  proportion  as  the  higher  powers  were  ap-  sions  whid^  are  opaque.  The  planet  Mercuiy, 
plied ;  and  the  smallest  proportional  diameter  when  in  its  greatest  brightness  appears  larger 
he  ever  obtained  vras  when  he  employed  the  than  when  it  is  seen  to  pass,  like  a  dark  spot, 
extraordinary  power  of  6460  times.  From  across  the  disk  of  the  sun,  although  it  ia. 
such  olwervations  it  appears  that  the  apparent  nearest  the  earth  in  this  last  position.  The 
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tpparent  iliameteiB  of  tho  fixed  stars  are  much   that  of  the  sun,  or  33,440,000  miles,  sop- 
inaller  than  they  have  genezally  been  sup-   posing  its  parallax  to  be  one  second.    Weie 
posed  by  those  who  have  attempted  to  mea-   this  its  true  estimate  its  solid  contents  would  be 
sure  them.     Yet  small  as  they  are,  their  real    19,579,357,857,d82,400,000,000,f  or,  above 
magnitude  must  be  very  great,  tance  they  are   nineteen  thousand  five  hundred  and  seventy- 
risible  to  our  sight  at  me  immense  distance  at   nine  irilUans  of  miles;  which  'v^fifty'fwur 
which  they  are  placed.    In  proportion  to  the   thousand  eight  hundred  and  seventy'two 
greatness  of  their  distance,  and  the  smallness   times  larger  than  the  solid  contents  of  the 
of  their  apparent  diameters,  will  be  their  real   sun.    The  magnitude  of  such  a  globe  is  alto- 
magnitudes.      If  we  suppose  the  apparent   gether  overpowering  to  the  human  imagina- 
diamcters  of  any  of  the  stars  observed  by  Dr.    tion,  and  completely  baffles  evexy  effort  to 
Bradley  to  be  equal  to  the  400,000th  part  of    approximate  to  a  distinct  conception  of  an 
the  sun's  apparent  diameter,  or  ^xth  of  a   object  of  such  amazing  amplitude  and  splen- 
second — ^which  is  a  probable  supposition  finr  a   dour.  We  have  formeriy  shownt  that  the  sun 
star  of  the  second  magnitude, — it  wiU  follow   is  a  body  of  so  vast  dimensions  that  the  hu- 
that  such  a  star  is  equal  to  the  sun  in  magni-   man  mind,  in  its  present  state,  can  form  no 
tude.     For,  if  the  sun  were  removed  to  the   adequate  conceptions  of  it ;  that  it  is  more 
distance  at  which  such  a  star  is  situated,  he   than  600  times  greater  than  all  the  planets, 
would  appear  no  larger  than  those  twinkling   satellites,  and  comets  of  our  system ;  that  it  is 
points,  nay,  would  perhaps  disappear  alto-   equal  to  thirteen  hundred  thousand  globes  as 
gether  fircMn  our  view.    From  all  die  observa-   large  as  the  earth ;  that  its  surftce  contains 
lions  and  reasonings  that  have  been  entered   an  amplitude  fifty-tibiee  millions  seven  hun- 
into  on  this  subject,  we  have  no  proofs  that   dred  and  seventy-thousand  times  larger  than 
any  of  the  stars  are  less  than  the  sun,  but  it  the  view  fixnn  Mount  Etna,  which  comprises 
is  more  probable  that  many  of  them  equal   an  extent  of  46,000  miles ;  and  that,  were  a 
and  even  &r  surpass  that  luminary  in  their   landscape  on  die  sun  of  this  extent  to  be 
real  dimensions  and  splendour.     Having  ob-   contemplated  every  two  hours,  it  would  require 
tainedthe  parallax  of  61  Cygni,^  if  we  could   twenty-four  thousand  five  hundred  years  be- 
find  the  exact  apparent  diameter  of  that  star,   fore  the  whole  surface  of  this  luminary  could 
its  real  bulk  could  be  calculated  with  as  much   be  in  this  manner  surveyed.    What,  then, 
ease  and  certainty  as  the  bulk  of  the  sun,  or  shall  we  think  of  the  probable  existence  of  a 
moon,  or  any  of  the  planets.    But  as  this   luminous   globe    fifty-four    thousand   times 
important  element  in  the  calculation  is  still  a   greater  than  the  expansive  globe  of  the  sun ! 
desideratum,  we  must  resort  to  other  methods       However  omajjiig  the  magnitude  of  such  a 
by  which  we  may  arrive  at  the  nearest  ap-   body  may  appear,  we  ought  not  on  this  ac- 
proximation  to  the  truth.  count  to  consider  the  existence  of  such  an  orb 

I  have  already  alluded  to  the  photometrical  as  either  improbable  or  incredible.  Prior  to 
experiments  of  Dr.  WoUaston,  in  relation  to  the  first  discoveries  of  modem  astronomy  two 
the  comparsitive  quantity  of  light  emitted  to  or  three  centuries  ago,  no  one  could  have  be- 
onr  eye  from  the  star  Sirius  and  from  the  sun.  lieved  that  the  sun  is  a  body  of  such  an  im- 
In  reference  to  these  experiments.  Sir  John  mense  size  as  he  is  now  found  to  be,  or  that 
Herschel*  in  a  maiig[inal  note,  remarks: —  the  planetary  system  occupies  so  extensive 
*'  Dr.  WoUaston  assuming,  as  we  think  he  is  a  range  as  astronomers  have  now  determined 
perfectly  justified  in  doing,  a  much  lower  it  And  we  are  not  to  conceive  that  even  the 
limit  of  possible  parallax  in  Sirius  than  we  immense  amplitude  of  the  sun  is  the  highest 
have  adopted  in  the  text,  has  concluded  the  scale  of  magnitude  which  the  Creator  has 
intrinsic  tight  of  Sirius  to  be  nearly  that  of  prescribed  to  himself  in  his  arrangements  of 
pouRTSKX  svzrs."  Sir  William  Uerschel  the  universe.  From  the  knowledge  we  ha^o 
informs  us  that,  with  a  magnifying  power  of  already  acquired  of  the  vastneas  of  the  scale 
6450,  and  by  means  of  his  new  micrometer,  on  which  creation  is  constructed,  w^  have 
he  found  the  apparent  diameter  of  Vcm  or  a  reason  to  believe  that  bodies  exist  in  it  f;»* 
LyiB  to  be  O'^  355 :  this  will  give  me  real  surpassing,  in  magnitude  and  grandeur,  any 
diameter  of  the  star  about  thirty-eight  times   of  tiie  globes  to  which  we  have  alluded.  There 

_  .  .    .      <.        are  certain  lucid  specks  in  the  heavens  which 

♦  This  star  belongs  to  (he  constellation  Cff£-    ^«„ i„  i^  ^«.^„«j  k«  »k»  ^^t  nA«,<»^.« 

nns.  or  the  Swan.    Itt  right  aacenaion  for  JanK.    «m  only  be  perceived  by  the  most  powerful 

ry  1, 1839.  waa  20h  SO'  41 '^  and  ita  declination  37<'  telescopes,  which  we  are  quite  certam,  from 
SV  4V  north.    In  placea  of  53<'  of  N  latitude, 

this  star  paaaea  the  meridian  within  two  or  three  f  In  some  editions  of  the  **  Iroprovementa  of 

minotes  of  the  zenith.    It  is  a  star  of  about  the  Society,"  this    number   is  innccuratcly  stated, 

l^fth  magnitude.    It  is  38  degrees  nearly  due  east  the  cube  of  the  dlencier  having  teen   by  mis- 

t^om  the  bright  atar  Ke^a  or  a  Lyrie,  in  the  con-  take  subsitutcd  fo.*  the  solid  ^onlenl^i  of  the  body, 

Bieliation  of  the  Harp,  and  nearly  nine  degrees  but  the  penercl  .-esuiC  of  the  co«nparative  nagnl- 

aoiiih  by  east  of  Dtneh,  or  a  Cygni,  the  principal  tudes  of  tne  iwo  bodies  Is  the  sboie. 

•tar  la  the  Bwan.  I  '*  Celestial  ecenery,"  cbao  iii.  sea.  10 
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their  immense  distance,  must  comprise  amass  smallest  to  orr  eje  may  04  'Dis  •irgest  in  real 
of  matter  thousands  of  times  larger  than  our  dimensions ;  but  &c  8mpil38^  of  iliem  are,  un-> 
sun, — either  a  distinct  masa  of  materials  or  a  doubtedly,  bodies  of  such  magritudes  as  sur- 
congeries  of  shining  glob^  so  near  each  other  pass  our  dLstinct  comprehiension. 
that  the  separate  bodies  cannot  be  distinguish-  Some  readers,  fror:  their  ignorance  of  the 
ed.  As  the  distance  between  the  great  globes  mathematical  principles  of  astronomy,  and 
of  the  universe  is  incomprehensible  by  limited  from  being  incapable  of  appreciating  the  ob 
intellects,  so  the  magnitude  of  some  of  these  servations  to  wluch  we  have  referred,  tse  ap; 
bodies  may  be  so  great  as  to  surpass  every  to  view  with  a  certain  degree  of  sceptLc'jJzn  the 
estimate  and  evezy  conception  we  may  have  conclusions  which  astronomers  have  deduced 
hitherto  formed  on  this  subject.  Such  views  respecting  the  distances  and  magnitude,  of 
of  the  magnitudes  of  creation  are  quite  in  ac^  the  stars.  Perhaps  the  following  co'sidera- 
cordance  with  the  ideas  we  ought  to  enter-  tion,  level  to  the  capacity  of  cveiy  man  of 
tain  of  a  Being  who  is  eternal,  omnipresent,  common  sense,  may  have  a  tendency  to  con- 
omnipotent,  and  incomprehensible.  vinoe  even  the  most  sceptical  that  the  ^jaia 

But,  without  going  beyond  the  strict  de-  are  situated  at  an  almost  incalculable  disntaucd 

ductions  of  science,  we  may  fairly  conclude  from  the  e&rth. 

that  there  are  few  stars  in  the  concave  of  our  Suppose  a  telescope  to  magnify  400  tunes, 

sky  that  do  not  equal,  and  even  surpass,  our  that  is,  makes  a  distinct  object  appear   four 

sun  in  size  and  in  splendour ;  and  if  so,  what  hundr»l  times  nearer,  and  four  hundred  times 

a   glorious   and    overwhelming   scene  does  larger  in  diameter,  than  to  the  naked  eye. 

creation  present  to  an  intelligent  and  contem-  With  an  instrument  of  this  description  I  have 

plative  mind !  Here  we  are  presented  with  a  been  enabled  to  read  a  person's  name,  the 

scene  on  which  the  highest  order  of  created  letters  of  which  were  not  above  half  an  inch 

beings  may  expatiate  for  myriads  of  ages,  and  in  length  or  breadth,  at  the  distance  of  more 

objects,  ever  wonderful  and  ever  new,  may  still  than  two  miles.    When  this  telescope  is  di- 

present  themselves  to  the  astonished  mind  rected  to  the  moon,  it  enables  us  to  perceive 

Uux>ughout  the  whole  length  of  its  immortality;  the    shadows   of  its  mountains,   and  other 

so  that  the  most  expansive  intellects  shall  never  minute  portions  of  its  scenery,  and  even  to 

want  subjects  of  sublime  investigation  during  distinguish  rocks  and  cavities  less  than  a  mile 

all  the  revolutions  ofan  interminable  existence,  in  diameter.    When  directed  to  the  planet 

We  are  not  to  imagine'  that  all  the  stars,  Venus,  it  exhibits  it  as  a  large  splendid  body, 

even  those  which  appear  with  the  same  bril-  with  either  a  gibbous,  a  half-moon,  or  a  cres- 

liancy,  are  of  the  saine  nze.    We  have  rea-  cent  phase.    When  directed  to  Jupiter  and 

son  to  believe  that  a  variety,  in  Uiis  respect,'  Saturn,  it  makes  these  orbs  appear  several 

exists  among  those  distant  orbs,  as  well  as  times  larger  than  the  moon  does  to  the  naked 

among  the  bodies  which  compose  the  plane-  eye,  and  enables  us  to  perceive  the  dark  belts 

taiy  system,  and  in  other   departments  of  which  run  across  the  one,  and  the  rings  which 

nature.    Various  considerations  tend  to  show  surround  the  other.    Now,  if  this  same  in- 

that  **  one  star  difiereth  from  another  star  in  strument  be  directed  to  the  fixed  staxv,  it  shows 

glory,"  not  only  as  they  appear  to  the  naked  them  only  as  so  many  luminous  jpom/^,  with- 

eye,  but  in  reality ^^m  to  their  intrinsic  magni-  out  any  well-defined  diameters.    It  brings  to 

tude  and  splendour.    Some  of  the  telescopic  view  hundreds  and  thousands  of  stars  which 

stars  appear  of  very  diflferent  colours,  one  ex-  the  naked  eye  cannot  discern ;  but  although 

hibiting  rays  of  an    orange  or  ruddy  hue,  they  appear  somewhat  more  brilliant,  they  ap- 

another  blue,  another  yellow,  and  another  pear,  on  the  whole,  no  larger  ui  diameter  than 

green,  indicating  a  difference  in  their  consti-  the  stars  in  general  do  to  the  unassisted  sight, 

tution  and  in  the  imture  of  the  light  they  emit  This  circumstance  I  consider  as  a  palpable 

Among  the  double  stars,  the  one  which  is  and  sensible  evidence  of  the  immense  distance 

found  revolving  round  the  other  is  evidently  of  the  fixed  stars;  for  bodies  at  the  distance 

the  smaller  body,  as  its  light  is  not  distinguish-  of  nine  hundred,  and  even  of  eighteen  hun* 

able  without  a  high  magnifying  power,  and  dred  millions  of  miles,  appear  magnified  in 

yet  its  distance  from  the  earth  must  be  nearly  proportion  to  the  power  of  the  instrument ; 

the  same  as  that  of  the  larger  star  around  and  why  should  not  the  fixed  stars  appear 

which  it  revolves.    Recent  observations  tend  magnified  in  the  same  proportion,  and  pre- 

to  prove  that  some  of  the  smaller  stars  have  sent  to  the  eye  large  disks  like  the  plajiets, 

not  only  a  greater  annual  parallax  than  those  were  it  not  on  account  of  their  incalculable 

which  are  most  brilliant,  but  an  absolute  mo-  distance  1     Were  they  only  at  a  moderate  dim 

tion  in  space  much  greater  than  those  of  the  tauce  from  the   planetary  system — suppose 

brightest  class,  which  indicates  that  there  is  ten  times  the  distance  of  Saturn,  or  nine 

a  dilTcrence  in  the  real  size  of  those  bodies,  thousand  millions  of  miles, — ^this  would  on- 

uid  that  some  oi  the    stars  which  appear  doubtedly  be  the  case;  but  observation  proves 
(566) 
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the  contraiy.  When  we  view  a  phinet — for  bodies.  Supposing  the  gun  were  removed  to 
example  Saiurn,  which  is  distant  nine  hun-  a  point  fifty  diousand  millions  of  miles  from 
died  millions  of  miles — through  a  telescope  the  place  ho  now  occupies — which  is  526 
magnifying  400  times,  we  contemplate  it  as  times  his  present  distance, — ^hc  would  appear 
if  we  had  been  carried  to  a  point  only  the  626  times  less  in  diameter  than  at  present, 
four  hundredth  part  of  its  distance ;  that  is,  or  under  an  angle  of  little  more  than  3A  sc- 
we  view  it  as  if  we  were  brought  within  little  conds,  which  is  less  than  the  apparent  dia- 
moxe  than  hoomiUiatu  of  milesof  itssur&ce.  meter  of  Uranus,  a  body  which  is  generally 
In  other  words,  we  see  it  of  the  same  magni-  invisible  to  the  naked  eye ;  so  that  if  a  star 
tude,  and  nearly  with  the  same  distinctness,  be  dbtant  twenty  billions  of  miles,  and  equal 
as  if  be  had  sarmoonted  the  law  of  gravitar  to  the  sun  in  magnitude,  it  should  appear  no 
tion,  and  been  transpoited  more  than  897  more  than  a  point  when  viewed  with  a  tele- 
millions  of  miles  from  our  present  abode  in  scope  magnifying  400  times.  Supposing,  then, 
the  direction  of  that  orb.  that  we  were  transported  through  the  im- 
When  such  an  instrument  is  directed  to  mense  space  of  19,950,000,000,000  miles,  wo 
the  fixed  stars,  it  does  not  lose  its  power  as  a  behoved  to  be  carried  forward  several  thou- 
telescope ;  this  is  proved  by  its  presenting  the  sands  of  millions  of  miles  fiirther  before  those 
neifulsBf  which  are  invisible  to  the  naked  eye,  distant  orbs  would  appear  to  expand  into  large 
as  large,  well-defined  spaces  in  the  firmament  disks  like  the  moon,  or  like  Jupiter  and  Sa- 
lt Carrie?  us  within  the  four  hundredth  part  turn,  when  viewed  through  telescopes, 
of  their  actual  distance,  and  enables  us  to  The  above  considerations  prove  to  a  do- 
contemplate  them  just  as  we  would  do  if  we  monstration  that  the  nearest  stars  are  removed 
were  400  times  nearer  them  than  we  are.  firom  us  at  immense  and  inconceivable  di»- 
Let  us  suppose,  as  formerly,  the  distance  of  tances ;  and  if  their  distance  be  so  great, 
the  nearest  stars  to  be  20,000,000,000,000,  or  their  magnitudes  must  likewise  be  astomah- 
twcnty  billions,  of  miles,  we  contemplate  such  ing,  otherwise  they  would  be  altogether  in- 
stars  by  thia  instrument  as  if  we  were  carried  visible  either  to  the  naked  eye  or  by  the  tele- 
to  a  station  nineteen  billions  nine  hundred  scope;  ibr  a  distant  visible  object  must  always 
and  fifty  millions  of  miles  firom  the  place  we  be  considered  as  having  a  magnitude  propor- 
now  occupy,  where  we  should  still  be  fifty  tional  to  its  distance  and  its  apparent  dia- 
thousand  nullions  of  miles*  distant  from  these  meter. 
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CHAPTER  VL 

On  New  Stars, 

To  almost  every  eye  but  that    of  the  of  those  orbs  which  are  visible  at  one  tune 

astronomer,  the  starry  firmament  presents  the  are  invisible  at  another, — to  such  inquiries 

same  general  aspect.    To  a  conunon  observer,  there  is  not  one  out  of  a  thousand  of  those 

the  nocturnal  heavens  exhibit  the  appearance  who  have  occasionally  gazed  at  the  starry 

of  a  vast  concave  bespangled  with  countless  heavans  that  could  give  a  satisfactory  reply, 

numbers  of  «himng  points,  of  various  degrees  It  is  the  industrious  astronomer  alone,  who, 

of  brilliancy,  and  distributed  over  the  sky  ap-  with  unwearied  observations  spends  sleepless 

parently  without  any  order  or  arrangement^-—  nights  in  surveying  the  various  regions  of  the 

Whether  the  clusters  of  stars  which  are  seen  celestial  vault,  that  can  tell  with  certamty 

in  sommer  and  in  winter  are  the  same,—  whether  or  not  any  changes  occasionally  take 

whether  the  stars  which  are  seen  in  one  place  in  reference  to  any  of  the  starry  orbs, 
region  of  the  heavens  at  six  o'clock  in  the        The  first  account  we  have  of  any  changes 

evening  are  identically  the  same  which  are  having  been  perceived  among  the  stars  is  that 

seen  in  the  same  quarter  at  midnight,  or  at  recorded  by  Hipparchus,  of  Rhodes,  a  cele- 

three  in  the  morning, — ^whether  there  be  any  brated  astronomer  who  flourished  about  120 

stars  which  were  seen  by  our  forefiithers  years  before  the  Christian  era.    About  tliis 

which  are  no  longer  visible, — ^whether  any  period,  this  srrurate  observer  of  the  heavens 

stars  unknown  to  former  generations  can  now  perceived,  in  a  certain  part  of  the  firmament, 

be  traced  in  the  firmament, — or  whether  any  a  star  wh*,  ^  he  had  never  observed  before, 

and  of  which  ne  could  find  no  record  in  the 

fit ul^:  ''*"'''^"*  *•  ^^  calcalstloB  expressed  la  observations  of  his  predecessors.    Struck  with 

400)  2oioo.000,000,000,  dift.  of  the  rtar.  this  new  and  unexpected  phenomenon,  he 

90,000,000,000,  dist.  as  viewed  by  the  tele-  began  to  doubt  whether  changes  might  not 

liMKW.000,000,000,       dtat!"  f?om  the  esrth  at  happen  among  the  celestial  orbs  as  weU  as  in 

which  we  view  it.  the  scene  of  natu^  here  below.  In  order  toak 
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sach  changes  when  they  happen  might  be  any  of  the  other  stars,  or  even  of  the  planets, 

known  to  future  generations,  he  began   to  except  Venus,  which  has  sometimes  been  seen 

form  a  catalogue  of  all  the  stars  visible  in  that  in    daylight  in  certain    peculiar    positions, 

part  of  the  world  where  he  resided,  noting  During  night,  it  was  frequently  seen  through 

down  the  place  and  apparent  magnitude  of  thin  clouds  which  entirely  intercepted  the 

each  star,  till  he  at  length  completed  a  list  light  of  the  other  stars.    In  this  state  it  con- 

of  all  the  visible  stars  in  the  heavens ;  which  tinned  to  shine  with  undiminished  brilliancy 

was  the  first  catalogue  of  those  luminaries  of  during  the  remaining  part  of  November,  or 

which  we  have  any  account  in  history.    It  is  more  than  three  weeks.    It  did  not,  how- 

diuch  to  bi)  regretted  that  we  have  no  specific  ever,  continue  much  longer  with  this  degree 

account  ot  the  particular  part  of  the  heavens  of  brightness,  but  gradually  diminished  in  its 

where  thii  new  star  appeared,  as  it  might  lustre.    In  the  month  of  December,  it  ap- 

have  led  us  to  determine  whether  it  be  still  peared  to  be  only  equal  to  Jupiter ;  in  Janu- 

visible,  or  whether  it  be  subject  to  periodical  aiy,  1573,  it  appeared  a  little  less  than  that 

changes,  or  have  altogether  disappeared.  planet,  but  still  somewhat  larger  than  stars 

In  the  year  130  after  the  Christian  era,  of  the  first  magnitude,  to  which  it  appeared 

another  new  star  is  said  to  have  made  its  ap-  about  equal  during  the  months  of  Febniaiy 

pearance.    In  the  year  389,  a  new  star  ap-  and  March ;  thus  gradually  diminishing  in 

peared  near  a  Aquilias,  or  Altair,  in  the  con-  brightness,  in  April  and  May,  it  was  like  a 

stellation  of  the  Eagle.    Its  appearance  was  star  of  the  second  magnitude ;  in  the  months 

sudden ;  it  continued  three  weeks,  emitting  a  of  June,  July,  and  August,  it  was  equal  only 

splendour  equal  to  that  of  Venus,  and  after-  to  the  largest  stars  in  Cassiopeia,  which  an 

wards  entirely  disappeared.    In  the  ninth  mostly  of  Uie  third  magnitude ;  in  September, 

century,  a  new  star  appeared  in  the  fifteenth  October,  and  November,  it  was  no  larger  than 

degree  of  Scorpio,  which  is  said  to  have  emit-  a  star  of  the  fourth  magnitude ;  in  December, 

ted  as  much  light  as  is*  reflected  iVom  one  it  was  about  equal  to  the  star  called  Gamma, 

quarter  of  the  moon.    In  945,  a  new  star  ap-  which  was  nearest  to  it ;  towards  the  end  of 

peared  between  the  constellations  of  Ccpheus  1573,   and  during  the  month  of  January, 

and  Cassiopeia;  and  another,  in  12G4,  near  1574,  it  was  but  little  superior  to  stars  of  the 

the   constellation  Cassiopeia;  but  of  these  fiilh   magnitude;  in   February,  it  was    no 

stars  the  accounts  are  so  vague  and  imperfect  larger  than  a  star  of  the  sixth  magnitnde; 

that  we  can  form  no  distinct  conceptions  of  and  in  tlie  month  of  March  it  entirely  disap- 

ihe  phenomena  they  exhibited.  peared,  having  continued  visible  from  the  be- 

The  most  striking  and  wonderfiU  pheno-  ginning  of  November,  1572,  to  March,  1574, 
menon  of  this  kind  of  which  we  have  an  au-  a  period  of  about  sixteen  months.  '  It  was 
thentic  and  distinct  description  occurred  in  remarked  that  as  it  diminished  in  size  it  was 
the  beginning  of  November,  1572,  when  a  likewise  subject  to  certain  changes  in  colour 
new  star  appeared  in  Cassiopeia,  forming  and  brightness.  When  it  appeared  largest, 
nearly  a  rhombus  with  the  three  largest  stars,  its  light  was  white  and  brilliant;  after  which 
fli,  0,  >,  of  that  constellation.  Its  appearance  it  appeared  a  little  yellowish  t  and  in  the  bc- 
was  sudden  and  brilliant.  Its  phenomena  ginning  of  spring,  1573,  it  aj^roached  some- 
were  so  striking  that  the  sight  of  it  detetlhined  thing  to  the  colour  of  Mars,  being  reddisli 
the  celebrated  Tycho  Brahe  to  become  an  Uke  the  star  Aldebarariy  or  the  Bull's  Eye, 
astronomer.  He  did  not  see  it  at  half  an  hour  and  a  little  less  bright  than  the  star  in  the 
past  five,  when  he  was  returning  fi-om  his  right  shoulder  of  Orion.  In  the  month  of 
house  to  his  laboratory ;  but  returning  about  May  that  year,  it  was  of  a  pale  livid  white, 
ten,  he  came  to  a  crowd  of  country  people  like  Saturn ;  which  colour,  as  likewise  its 
who  were  staring  at  something  behind  him.  sparkling  appearance,  continued  to  the  last. 
Looking  round,  he  saw  this  wonderfiil  object  only  growing  more  dim  and  faint  as  it  ap- 
It  was  so  bright  that  his  stafi*  had  a  shadow ;  proached  the  period  of  its  disappearance, 
it  was  of  a  dazzling  white,  with  a  little  of  a  Such  were  the  appearances  and  changes 
bluish  tinge.  It  had  no  tail  or  hair  around  it  of  this  wonderful  star.  These  phenomena 
similar  to  comets,  but,  shone  with  the  same  were  particularly  observed  by  several  astrono- 
kind  of  lustre  as  the  other  fix^d  stars.  Its  mers  of  that  period,  especially  by  Tycho 
brilliancy  was  so  great  as  to  surpass  that  of  Brahe,  who  wrote  a  treatise  on  the  subject, 
Lyra  and  Sirius.  It  appeared  .en  larger  in  which  he  determined  its  longitude  and 
tlian  Jupiter,  which  was  then  at  its  nearest  latitude,  and  demonstrated  that  it  was  situated 
approach  to  the  earth,  and  by  some  was  esti-  in  the  region  of  the  fixed  stars,  at  a  much 
mated  to  be  superior  to  the  planet  Venus  in  greater  distance  from  the  earth  than  the  sun. 
Its  greatest  lustre.  It  was  even  seen  by  those  moon,  or  any  of  the  planets,  as  it  had  no 
who  had  good  eyes  at  noonday;  a  circuni-  sensible  paraUax,  and  remained  in  the  same 
stance  which  never  happens  in  the  case  of  point  of  the  lieavens  duxing  tlra  whole  period 
r56S) 
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of  ill  appearance.  Tba  Mar  traa  likewiw  heel  of  (bs  ri^t  foot  of  Serpentariui,  Al 
dOigentl;  obHcned  by  Comeliiu  Gamma,  nho  that  time,  nwu  the  nme  part  of  the  heavens, 
iij^  (hat  on  the  night  of  the  8lh  November,  the  planets  Mara,  Jupiter,  and  Saturn,  vcere 
1S72,  he  viewed  with  aomo  attention  that  part  very  near  each  other,  a  phenomencHi  which 
of  the  heavens,  in  a  very  serene  iky,  bnt  bbw  bo  engaged  the  attention  of  astranomere  thai 
Dothins  uncommon  ;  bat  that  the  next  night,  no  uncommon  appearance  in  that  quarter  of 
November  6th,  it  appeared  with  a  splendonr  the beavonicooldlanghaveeacapcd  detection 
rarp^^ng  all  the  &ied  stars,  and  icaicclj  On  the  17thofSeptember,Kepler,  who  wrote 
le«  Dright  than  Tenua.  The  longitude  of  a  treatise  on  this  star,  cereiUliy  observed  the 
Ibis  star,  is  determined  by  Tycho,  wu  B°  three  planets ;  on  the  83d,  hs  again  viewed 
17',  and  53°  4S' of  north  latitude.  Mars  and  Jupiter,  then  approaching  to  their 

The  point  in  the  heavens  where  this  itai  conjunction;  and  one  of  his  ocholars  made 
■ppeared  may  he  ascertained  Irom  the  follow-  the  same  observation  on  the  37th.  On  the 
ing  figrire,  which  eibibits  a  representation  of  SBth,  and  on  the  SSth,  which  was  the  day 
the  principal  etan  in  CassiDpcia.  The  general  when  Mara  and  Jupiter  were  in  conjunction, 
poutiou  1^  thii  constellation  may  be  found  they  were  observed  by  MaitSnut  and  others  ; 
from  the  map  of  the  circumpolar,  stars.  Plate  but  none  of  them  as  yet  saw  any  thing  of  the 
m.  It  is  almost  directly  opposite  Una  Major,  newstar.  OntheSOth,  thcEuddenbreakingof 
or  the  Great  Bear.  A  line  drawn  from  the  the  clouds  aDonJed  one  of  Kepler's  &ienda  all 
Bear  throngh  the  pole-utar  meets  Cassiopeia  opportunity  of  having  a  very  short  view  of  it  .- 
at  nearly  an  equal  distance  on  the  other  side  for  in  looking  for  Mars  and  Jupiter,  ho  saw 
of  that  star.  When  the  Bear  is  nt  tt«  lowest  a  briqht  star  near  thorn,  which  he  had  not 
pmition  below  the  pole,  Caiisiopeia  ia  near  seenhcfore,butitwassoon  obscured  by  clouda 
the  zenith,  and  vice  tm-ia.  In  the  anneied  On  the  2d,  3d,  4th,  and  6th  of  Oclolier,  i1 
representation  (Gg.  9)  the  lar^  star  towards  was  seen  by  several  persons  in  different  places 
th-  left  piunti  out  the  place  which  was  occu-  On  account  of  cloudy  weather  at  Prague. 
pied  by  the  new  star,  which,  with  the  three  where  Kepler  resided,  he  did  not  *cc  it  till  (ha 
■>*n  ch  j3,  y,  forma  ■  kind  of  rbombus,  or  81h  of  that  month.  All  the  observers  agreed 
inegolar  aqaaie.  The  one  on  the  left  above  in  tliis.^that  it  was  ciactly  round,  without 
tba  new  itar  if  §,  and  is  also  known  by  the  any  beard  or  tail ;  that  it  was  exactly  like  one 
of  the  died  stars:  and  that  in  the  vividness 
Fig.  0.  of  its  lustre,  and  the  quickness  of  it^  spark- 

ling, it  exceeded  anything  they  had  ever  seen 
before.  As  to  ita  ca^r.  it  wai  remarked  that 
it  was  every  moioent  changing  into  the  colours 
of  the  rainbow,  as  yellow,  orange,  purple,  and 
ted ;  but  was  generally  white  when  at  a  littlo 
heiefat  above  the  vapoure  near  the  horizon. 
At  its  first  appearance,  it  seemed  larger  than 
any  of  the  Ii:ied  (tan,  and  even  surpassed 
Jupiter,  which  planet  was  near  it  during  the 
whole  of  October,  and  by  its  steady  light  wa* 
easily  distinguishable  fi^m  this  vehemently 
sparkling  star.    It  continued  of  the  same  nze 
and  brilliancy  during  the  whole  of  October. 
About  the  end  of  this  month  the  sun  was  ap- 
proaching that  part  of  the  heavens  in  which 
the  star  appeared,  yet  on  the  30th  it  was  so 
much  brighter  than  Jupiter  that  Kepler  could 
■eo  it  uistinctly  when  Jupiter  was  impercepti- 
ble, on  account  of  the  light  of  the  sun,  though 
■ane  of  Copil.     The   one  to  the  right    of    he  was  fiirther  Aom  the  sun's  beams  than  the 
Cs[Ji  sjid  ■  little  higher  is  »,  distinguished   star.     On  the  6th  and  flth  of  November  it 
hkewiK  by  the  nauw  Schedir.  Below  Sdiedir,   was  seen  b>-  Kepler  and  others  :  and  at  Turin, 
and  a  liRle  to  the   right,  is  the  star  y,  or   on  the  13th,  wl^  appears  to  have  been  the 
Gamma.     About  six  degrees  north-west  of    last  time  it  was  perceived  betbre  being  ovei^ 
Caph,  the   telescope   reveals  to  US  a  pretty    powered  by  the  solar  rays.     After  emerging 
large  nebula  of  small  stars,  apparently  com-   from  the  sun's  rays,  on  the  west,  it  was  seen 
prnsed  into  one  msas,  with  a  number  of  loose    in  the  morning  on  the  34th  December,  and 
stars  surrounding  it.  though  it  epariiled  exceedingly,  yet  it  was 

In  the  year  1604,  about  the  end  of  Sep-  considerablydiniiniehodinmBgnilude,  appcai- 
(rmber,  another  new  star  a[^ared  neat  the    tag  however,  larger  than  the  bright  star  Ai^ 
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tares.    From  the  middle  of  January  1605,  till  over  such  sublime  phenomena  which  pro- 

the  middle  of  March,  it  gradually  diminii^icd  duces  in  the  mind  an  anxious  deare  to  behold 

in  brightness.    In  the  beginning  of  April,  it  the  veil  removed,  and  to  investigate  the  reasons 

appeared  like  a  star  of  the  third  magnitude,  and  causes  of  such  stupendous  events.    **!( 

and  continued  nearly  of  the  same  size  during  is  impossible,"  says  Mrs.  Sommerville,  when 

the  months  of  May,  June,  and  July,  and  eon-  alluding  to  the  star  of  1572, « to  imagine  any 

tinned  to  sparkle  more  strongly  than  any  other  thing  more  tremendous  than  a  cooflagration 

fixed  star.     On  September  26th,  a  year  after  that  would  be  visible  at  such  a  distance.** 

its  first  appearance,  it  was  more  brilliant  than  Whether  there  was  any  thing  in  the  exif^ting 

the  star  in  the  leg  of  Serpentarius,  which  is  state  of  the  body  alluded  to  similar   to  what 

reckoned  of  the  third  magnitude.    As  it  was  we  call  a  conflagration  may  be  juaUy  doubled ; 

at  this  time  again  approaching  to  the  vicini^  but  there  was  a  splendour  and  himinoraty  con- 

of  the  sun,  it  does  not  appear  to  have  been  centrated  in  that  point  of  the  heavens  where 

seen  after  this  period.    In  December,  1605.  the  star  appeared  which  would  more  than 

and  January,  1606,  cloudy  weather  prevented  equal  the  blaze  of  twehe  hundred  thotuand 

observations  after  it  had  eonerged  from  the  worlds  such  as  ours,  were  they  all  collected 

solar  rays.  Kepler  concludes  that  it  must  have  into  one  mass,  and  all  at  once  wrapt  in  flamea. 

disi4)peared    some   time    between    October,  Nay,  it  is  not  improbable  that,  were  a  globe 

1605,  and  the  following  February,  but  on  what  as  large  as  would  fill  the  whole  circam&xenco 

day  is  uncertain.  Like  the  former  star  which  of  the  earth's  annual  orbit  to  be  lighted  up 

appeared  in  Cassiopeia,  it  had  no  parallax,  with  a  splendour  similar  to  that  of  the  son 

and   remained   in   the    same  point  of   the  it  would  scarcely  surpass  in  brilliancy  ant 

heavens.  splendour  the  star  to  which  we  refer;  fo 

None  of  the  new  stars  whose  phenomena  during  the  whole  period  of  its  continuing 

we  have  described  above  have  ever  reappear-  visible,  it  never  appeared  in  the  least  to  shift 

ed,  the  places  which  they  occupied  still  re-  its  position,  though  it  was  careftilly  watched 

maining  a  blank.    It  is  much  to  be  regretted  by  the  astronomers  of  that  age ;  and,  conse- 

that  the  telescope  was  not  invented  at  the  qucntly,  the  whole  diameter  of  the  earth's 

periods  when  these  stars  appeared,  as  it  might  orbit,  while  the  earth  passed  £rom  one  extre- 

have  been  ascertained    by  that  instrument  mity  of  it  to  another,  appeared  only  as  a  point 

whether  they  had  any  sensible  diameters.  At  at  the  vast  distance  at  which  the  star  was 

a2iy  rate,  their  gradual  decrease  of  magnitude  situated.     These  may  appear  bold  positions, 

and  lustre  might  have  been  traced  by  a  good  but  they  are  in  some  measure  warranted  by 

telescope  for  a  long  period,  perhaps  for  years,  the  facts  of  the  case,  and  they  are  perfectly 

after  they  disappeared  to  the  naked  eye,  which  consistent  with  what  we  know  of  many  of 

must  have  led  us  to  dmw  some  conclusions  the  other    astonishing    operations    of   that 

respecting  the  cause  which  produced  so  ex-  Almighty  Being  who  is  "  wonderful  in  coun- 

traordinaiy  phenomena.     Were  such  a  re-  sel  and  excellent  in  waking,"  and  *' whose 

markable  phenomenon  to  happen  in  our  times,  ways,*'  in  providence  and  creation  *<  are  past 

when  telescopes,  micrometers,  and  other  as-  finding  out.'' 

tronomical  instruments  have  received  so  many       It  is  natural  to  inquire  what  may  have  been 

exquisite  improvements,  so  as  to  enable  us  to  the  cause  of  phenomena  so  extraordinaiy  and 

penetrate  deep  into  the  profundity  of  space,  sublime ;  but  our  limited  views  of  creation 

and  to  measure  the  smallest  angles,  a  variety  and  of  the  plans  and  purposes  of  its  Omnipo- 

of  additional  facts  and   circmnstances  would  tent  Contriver  and  Governor  prevent  us  from 

doubtless  be  discovered  in  relation  to  phono-  arriving  at  any  satis&ctoxy  concIusiiMM.    La 

mena  and  events  so  striking  and  sublime.*  Place  says,  in  reference  to  this  subject—^  As 

The  subject  of  new  stars,  such  as  those  now  to  those  stars  which  suddenly  ahine  forth  with 

described,  which  blazed  forth  with  so  extra-  a  very  vivid  light,  and  then  vanish,  it  may  be 

ordinary  a  brilliancy  and  so  soon  disappeared,  supposed,  with  probability,  that  great  ooofia- 

natarally  gives  rise  to  solemn  and  interesting  grations,  occasioned  by  extraordinaiy  caused, 

reflections.    There  is  a  mystery  that  hangs  take  place  on  their  sur&ces ;  and  this  suppo- 
sition is  confirmed  by  their  change  of  colour, 

*  Besides  the  above,  the  following  instance*  of  analoeous  to  that  which  is  nreseuted  to  us  on 

letv stars  maybe  noted  :— In  the  year  1670,  a  new  *l^    ®^u  k„  i^^j:         u-  u  i  w., 

«tarwasdiscoveredbyHevenusandAathelm,near  the  earth  by  bodies  which  are  consumed  by 

ihe  head  of  the  Bwan,  which,  after  beeoming  in-  fire.  *     But  such  an  opinion,  however  great 

visible,  reappeared,  and  after  undergoing  several  the  astronomer  who  proposed  it.  appears  ouite 

singular  fluctuations  of  light  during  two  years,  „«^4-  a.  ^ ,      tw        iT^       -r*~   i 

gradually  vanished  from  the  sight,  and  has  nevei  unsatisfectoiy.     We   enr    egregioualy  when 

since   been  seen.    Another  new  star  is  said  to  ^'e  attempt  to  compare  the  puny  (^lerations 

have  been  seen  the  same  year  at  Paris,  about  the  and  conflasrations  which  happen  on  our  clobo 

bnck  of  the  Swan,  which,  after  the  space  of  four-  „,:»k  -  ^^^^  ^^  rL    *-»  j^  a.;..- 

teen  days^  vanished  away.-Wbistoi»s  JSstroM.  ^^"^  *  «^*^®  ^  ^  transcending  eveiy  thmg 
micai  Lectures,  p.  45.  «  SftUm  of  th»  HTorU,  vol,  i.  p.  lOI. 
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wt  behold  in  this  teirestrial  sphere.    The  named  respectable  philosophers  in  reference 
^atest  conflagration  that  was  ever  witneaaed  to  the  subject  under  consideration ;  but  it  may 
OD  earth  cannot  bear  the  smallest  proportion  be  questioned  whether  they  are  altogether  ju- 
or  flmilitude  to  an  object  which  must  have  dicioua,  or  corre^wndent  to  the  perfections  of 
occupied  a  space  more  than  ten  hundred  thou-  the  Creator  and  the  arrangements  he  has 
Mod  times  the  solid  contents  of  our  globe ;  made  in  the  universe.    They  seem  to  take 
nor  is  it  likely  that  the  agents  or  elementary  for  granted  that  those  stars  which  have  blazed 
principles  which  produced  the  respective  phe-  for  awhile,  and  then  disappeared,  have  been 
Domena  were  at  all  similar.  destroyed  or  annihilated.     We  are  indeed  in- 
The  late  Professor  Yince,  one  of  the  most  formed  that,  in  regard  to  our  globe,  a  period 
learned  astronomers  of  his  age,  has  the  fi>l«  is  approaching  when  "  the   elements  shall 
lowing  remark : — **  The  disappearance  of  some  melt  with  fervent  heat,  and  the  earth  and  the 
Stan  may  be  the  destruction  of  that  system  works  that  are  therein  shall  be  burnt  up." 
■t  the  time  appointed  by  the  Deity  for  the  But  such  a  conflagration  cannot  be  justly 
probation  of  its  inhabitants,  and  the  appear-  compared  to  the  splendours  of  those  wonder- 
ince  of  new  stan  may  be  the  formation  of  iul  stars  described  above.    At  whatever  period 
new  systeiDS  fer  new  races  of  beings  then  in  the  lapse  of  duration  such  an  event  may 
called  into  existence  to  adore  the  works  of  take  place,  it  will  be  so  &r  from  being  visible 
their  Creator.'**     The  late  Dr.  Mason  Good  at  the  nearest  star,  that  it  would  not  be  seen 
seeoned  to  indulge    in    a    simihur    opinion,  by  such  eyes  as  ours  at  the  boundaries  of  our 
''Worlds,  and  systems  of  worlds,'*  says  he,  systeip.    Besides,  we  are  assured,  in  that 
''are  not  only  perpetually  creating,. but  also  revelation  which  announces  it,  that  that  aw- 
perpetually  disappearing.     It  is  an  extraordi-  fill  event  shall  take  place  as  one  of  the  conse- 
nary  &ct  that,  within  the  period  of  the  last  quences  of  the  sin  and  depravity  of  man ; 
century,  not  less  than  thirteen  stars,  in  diflbr-  and  therefore  we  have  no  reason  to  believe 
eat  eonstcllatioDS,  seem  to  have  totally  pe-  that  it  will  extend  to  the  sun  or  any  of  the 
ridied,  and  ten  new  ones  to  have  been  ere-  surrounding  planets  of  our  system ;  nor  have 
ated.    In  many  instances  it  is  unquestionable  wo  any  reason  to  condnde  that  the  conflagra- 
that  the  stars  themselves,  the  supposed  habi-  tion  of  our  globe  will  issue  in  its  entire  do- 
tation of  other  kinds  or  orders  of  intelligent  stniction,  or  that  the  elementary  principles  of 
beings,  together  with  the  diflferent  planets  by  which  it  is  composed  wiU  be  annihilated.    It 
which  it  is  probable  they  were  surrounded,  is  more  probable,  nay,  almost  certain,  that 
have  utterly  vanished,  and  the  spots  which  this  tremendous  event  will  only  tend  to  purify 
they  occupied  in  the  heavens  have  become  our  globe  from  the  physical  evils  which  now 
blanks.    What  has  befeilen  other  systems  exist,  and  to  transform  it  into  a  new  and  hap- 
will  B«suredly  befell  our  own.    Of  the  time  pier  world  for  the  residence  of  renovated  and 
and  fito  manner  we  know  nothing ;  but  the  pure  intelligences.  In  regard  to  armihilatiim, 
iJct  is  incontrovertible~-4t  is  foretold  by  reve-  we  have  no  proof  that  any  particle  of  matter 
huion — ^it  is  inscribed  in  the  heavens — it  is  which  was  ever  created  has  yet  been  annihi- 
felt  through  the  earth.     Such  is  the  awfiil  lated.*     Incessant  changes  and  transforma- 
and  daily  text ;  what,  then,  ought  to  be  the  tions  are  going  forward  both  in  the  scene  of 
comment  ?"     Similar  to  these  were  the  sen-  sublunary  nature  and  throughout  the  celestial 
timents  of  the  late  professor  Robinson,  of  regions ;  but  changes  in  material  objects  do 
£dinba^ : — **  What  has   become  of   that  not  necessarily  imply  the  destruction  of  the 
dazzling  star,  surpassing  Venus  in  brightness,  matter  of   which  they  aie    composed,  but 
which  shone  out  all  at  once  in  November,  simply  a  new  arrangement  or  mode  of  opora- 
1572 !" — *<  Such  appearances  in  the  heavens  tion.    We  have  no  reason  to  believe  that  any 
make  it  evident  that,  notwithstanding  the  portions  of  matter  which  now  exist  through- 
wise  provision  made  for  maintaining   that  out  the  universe  will  ever  be  reduced  to  anni- 
ordcr  and  utility  which  we  behold  in  our  hilation.    On  the  other  hand,  we  have  palpa- 
system,  the  day  may  come '  when  the  heavens  bio  evidence,  from  several  phenomena  in  the 
Aall  pass  away  like  a  scroll  that  is  folded  up,  heavens,  that  the  work  of  creation  is  still 
when  the  stars  in  heaven  shall  fell,  and  the  going  forward,  and  that  the  Creator  is  gradu- 
•on  shall  cease  to  give  his  light'    The  sus-  ally  ushering  into  existence  new  suns,  and 
taining  hand  of  God  is  still  necessary,  and  systems,  and  worlds ;  and  in  all  probablity  his 
the  piesent  order  and  harmony  which  he  has  creating  energy  will  be  continually  exerting 
enabled  us  to  understand  and  admire  is  wholly  itself  tluoughout  all  the  succeeding  ages  of 
dependent  on  his  will,  and  its  duration  is  one  eternity. 

cf  the  unsearchable  measures  of  his  provi-  Again,  if  that  grand  and  terrific  event 

dance.'*  which  is  to  put  a  final  period  to  the  present 

Such  are  the  pious  sentimenU  of  the  above-  ^  ^^^  ,.  PhUosophy  of  a  Future  8Uis."  chap.  L 

•  Vlace's  "  Complete  System  of  Astronomy."  sec|.  10 ;  and  **  Cbrtotian  PhUosoplisr." 
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lerresftrial  system  is  to  be  viewed  as  a  conse-  a  luminoua  orii  of  immense  magnitude,  ac< 
quence  of  the  introduction  of  moral  evil  and  companied  with  a  retinae  of  worlds,  moving 
the  depravity  of  man,  then  we  are  led  to  con-  wiih  inconctivable  velocity  in  an  immense 
dude  that  those  intelligences  which  were  eiKpfieal  orbit,  the  longer  side  of  which  wu 
connected  with  the  systems  which  are. sup-  nearfy  in  a  direction  to  our  eye;  that  itt 
posed  to  have  been  destroyed  must  have  been  most  brilliant  appearance  was  when  it  was 
involved  in  the  guilt  of  moral  degeneracy,  or,  nearerst  our  system,  as  at  il,  (fig.  10,)  snp» 
in  other  words,  in  rebellion  against  their  Cre- 
ator ;  otherwise,  why  were  they  subjected  to  y*^  ^Q, 
such  an  awful  catastrophe,  and  doomed  to  be  '•*  * 
blotted  out  of  existence !  We  have  no  ground 
for  entertaining  any  such  supposition.  Rea- 
soning from  the  benevolence  of  the  Deity,  it  q 
is  more  probable  to  conclude  that  the  inhabi-  r^ 
tants  of  our  world  are  almost  the  only  intelli-  ^^ 
gences  throughout  the  universe  who  have 
swerved  from  the  path  of  original  rectitude, 
and  violated  the  moral  laws  of  their  Maker. 
Nor  is  it  likely  that  the  whole  inhnbitanta  of  posing  E  the  relative  positiou  of  die  earth,  oi 
any  system,  consisting,  perhaps,  of  thirty  or  of  our  system ;  and  that,  as  it  gradually  de- 
even  of  a  hundred  worlds — would  be  found  dined  in  its  brightness,  it  was  passing  along 
uniting  in  rebellion  against  the  moral  govern-  the  curve  from  A  towards  B  and  C,  till  its 
ment  of  theirBene&ctor,  so  as  to  warrant  the  rapid  flight  at  length  carried  it  beyond  the 
entire  destraction  of  the  system  with  which  Umits  of  human  vision  t  Had  telescopes  beeii 
they  were  connected.  Besides,  were  the  in  use  at  that  period,  there  is  little  doubt  it 
views  of  the  philosophers  to  which  I  allude  to  would  have  been  seen,  though  still  dimiDisb- 
be  adopted,  then  we  must  admit  that  the  sy^-  ing,  for  a  much  longer  period  than  that  in 
tems  which  in  their  opinion  were  destroyed  which  it  was  visible  to  the  unassisted  eye; 
or  pnnihilated  must  have  been  continued  in  in  which  case  it  would  have  frilly  corroborated 
existence  only  for  a  year  or  two;  for  no  lumi-  the  opinion  now  stated.  In  confirmation  of 
nous  bodies  occupied  the  places  of  the  new  this  explanation  of  the  phenomena  it  has  been 
stars  before  they  burst  on  a  sudden  to  the  supposed,  with  a  high  degree  of  probability, 
view,  and  no  twinkling  orbs  have  been  seen  that  it  is  the  same  star  which  appeared  in  the 
in  these  points  of  the  heavens  since  they  di»-  year  945  and  in  1264,  which,  of  oomse,  would 
appeared ;  but  it  is  surely  not  at  all  probable  have  a  period  of  revolution  of  about  319  yesn, 
that  the  Almighty  would  launch  into  exists  which  period  might  vaiy  two  or  three  yean 
ence  systems  of  such  amazing  magnitude  and  in  the  course  of  its  revolutions,  from  causes 
splendour,  and  suffer  them  to  rush  into  de-  with  which  we  are  unacquainted,  as  we  find 
struction  within  a  period  of  so  very  limited  sometimes  happens  in  the  case  of  oomcti. 
duration.  This  opinion  is  rendered  the  more  probable 
For  the  reasons  now  stated,  and  others  from  the  consideration  that  the  stars  of  9i5 
which  might  have  been  brought  forward,  I  and  1264  appeared  in  the  constellation  of 
cannot  acquiesce  in  the  views  of  the  respect-  Cassiopeia,  where  likewise  the  star  of  1572 
able  philosophers  to  which  I  have  adverted;  was  obiserved ;  and  if  these  be  identical,  then 
but  it  is  easier  to  set  aside  an  untenable  hypo-  it  is  probable  that  it  will  again  make  its  ap- 
thesis  than  to  attempt  an  explanation  of  the  pearance  about  the  year  1891  or  1892;  azid 
real  causes  of  so  sublime  and  wonderful  phe-  if  so,  astronomers  will  then  have  a  better  ofH 
nomena.  In  investigating  the  distant  won-  portunity  of  marking  its  aspects  and  moticms. 
ders  of  the  universe  and  the  arrangements  of  and  determining  its  size  and  its  period  of  r^ 
the  Divine  government,  it  becomes  us  to  ex-   volution. 

press  our  sentiments  with  modesty  and  cau-  If  this  explanation  appear  the  most  proba- 
tion. Whatever  may  have  been  the  caoses  ble,  it  presents  to  tiie  mind  a  most  magiufi- 
which  produced  the  sudden  splendour  and  the  cent  and  overwhelming  idea,  without  suppos* 
rapid  disappearance  of  the  new  stars,  I  enter-  ing  any  thing  so  tremendous  and  terrific  as  a 
tain  not  the  least  doubt  that  those  bodies  are  sudden  conflagration.  It  presents  beibre  uss 
still  in  existence,  and  subserving  important  luminous  globe  of  astonishing  magnitad»— 
purposes  in  the  economy  of  God's  universal  perhaps  not  less  than  a  hundred  times  the 
government  Almost  any  hypotiiesis  is  to  be  size  of  our  sun — ^winging  its  course  over  a 
preferred  to  that  which  supposes  their  de-  circuit  perhaps  a  thousand  times  more  expan- 
struction  or  annihilation.  What  should  hin-  sive  than  the  orbit  of  Unuius,  and  carrying 
der  us  from  concluding  that  the  extraordinary  along  with  it  a  hundred  worldii  in  its  swift 
phenomena  of  the  star  of  1572  vras  owing  to  career.  The  motion  of  such  a  body  motf 
(572) 
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bane  been  rapid  in  the  extreme,  when  we  con-  If  the  aboTe  explanation  be  nnaatiafactoiy, 
■der  the  rapid  diminution  of  its  apparent  I  know  not  to  what  hypothesiB  to  resort  for  a 
nagnitade.  In  the  month  of  Noven^r  it  solution  of  this  mysterious  and  wonderful 
fiiat  appeared;  in  December  its  brightness  phenomenon.  Whatever  view  wo  may  be* 
was  sensibiy  diminished ;  in  the  month  of  disposed  to  take  of  such  striking  events,  we 
April  hOavnng  it  had  diminished  to  the  size  are  lost  in  admiration  and  wonder.  We  ho- 
of a  star  of  the  second  magnitude ;  in  July,  hold  a  display  of  magnitude,  of  motion,  and 
to  one  of  the  third  magnitude ;  in  October,  to  of  magnificence,  which  overpowers  the  human 
one  of  the  ibuith ;  in  the  following  January,  Acuities,  which  shows  us  the  littleness  of  man 
to  one  of  the  fifUi ;  in  February,  to  one  of  and  the  limited  natun  of  his  powers,  and 
the  sixlh  magnitude ;  and  in  March  it  disap-  which  ought  to  inspire  as  with  reverence  of 
peared.  that  Almigh^  Being  who  sits  on  the  throne 
Now,  aoo^-rding  to  Sir  W.  Herschers  ex-  of  the  universe,  directing  all  its  movements 
periments,  the  light  of  a  star  of  the  first  magni-  for  the  accomplishment  of  his  mse  and  right- 
tode  being  supposed  1 00,  the  light  of  one  of  the  eous  designs,  and  for  the  difiusion  of  universal 
second  magnitude  is  26,  one  of  the  third  mag-  happiness  throughout  all  the  ranks  of  intelli- 
nitude,  12,  &c  (sec^p.  25.)  If,  then,  we  su{v  gent  existence.  However  astonishing  the  con- 
pose  these  classes  of  stars  to  be  nearly  of  equal  elusions  we  are  led  to  deduce  from  the  phe- 
nagnitudes,  and  that  their  distance  is  in  an  nomena  under  consideration,  the  facts  to  which 
mverM  proportion  to  the  diminution  of  their  we  have  adverted  are  not  beyond  the  energies 
Hgfat,  it  will  follow  that  a  star  of  the  second  of  Him  whose  perfections  are  strictly  infinite. 
magnitude  is  four  times  the  distuice  of  a  star  Nay,  from  such  a  Being,  who  is  self-existent 
of  the  first ;  a  star  of  the  third  magnitude,  and  omniscient,  who  fills  the  immensity  of 
four  times  the  distance  of  the  second,  or  eight  space  with  his  presence,  and  whose  power  is 
times  the  distance  of  the  first  magnitude,  dec,  boundless  in  its  operation,  we  should  naturally 
Supposing,  then,  the  star  of  1572  to  have  expect  that  displays  of  creating  and  sustain- 
bcen  twenty  MUions  of  miles  fix>m  the  earth  at  ing  energy  would  be  exhibited,  altogether  over- 
its  nearest  approach  to  our  system :  from  De-  whelming  and  incomprehensible  by  mortals, 
cember,  1572,  to  April,  1573,  when  it  was  "  Canst  thou  by  searching  find  out  God  ? 
diminished  to  the  apparent  size  of  a  star  of  Canst  thou  find  out  the  almighty  perfection  1 
the  second  magnitude,  it  must  have  moved  In  the  heights  of  heaven  he  doth  great  things 
femr  times  that  distance,  or  eighty  billions  of  y.  «st  finding  out,  yea,  and  wMiders  without 
miles  during  these  four  months,  which  is  at  number.  By  his  spirit  he  ha' .  garnished  the 
the  rate  of  six  hundred  thousand  miflions  of  heavens.  The  pillars  of  heaven  iremble  and 
miles  a  day,  and  four  hundred  and  sixty-two  are  astonished  at  his  "jprot.'!  Lo,  these  are  ^ 
millions  a  minote,  a  velocity  of  which  we  can  but  parts  of  his  ways ;  but  the  thunder  of  his 
bave  no  adequate  conception.  power  who  can  understand  V 


CHAPTER  VIL 

On  Variable  Start, 

Whsst  atxe  stany  firmament  is  attentively  star  of  the  third  magnitude,  but  disappeared 

nrvejed,  and  the  aspects  of  the  numerous  after  the  month  of  October  in  the  same  year, 

orbs  itcontainspcuticularly  marked,  it  is  found  It  was  again  observed  by  Holwarda  in  the 

that  several  of  iheae  bodies  are  subject  to  pe-  year  1637 ;  and  after  having  disappeared  dur- 

riodical  changes  in  the  brilliancy  of  their  light  ing  a  period  of  nine  months,  it  again  became 

aud  their  apparent  diameters,  indicating  in  visible ;  since  which  time  it  has  been  found 

some  instances  motions  and  revolutions  of  every  year  pretty  regular  in  its  period,  except 

considerable  extent    The  following  sketches  from  October,  1672,  to  December,  1676,  during 

contain  descriptions  of  the  more  remarkable  wliich  time  Hevclius  could  not  perceive  it, 

phenomena  connected  with  this  class  of  the  though  it  was  a  particular  object  of  his  atten* 

heavenly  bodies,  generally  known  by  the  name  tion.    Bullialdus,  a  Frenchman,  having  com* 

of  variable,  or  periodical  stars :  pared  together  the  observations  that  had  been 

The  fiist  star  of  this  kind  which  seems  to  made  on  it  firom  1638  to  1666,  determined  the 

have  been  particularly  noticed  is  one  in  the  periodical  time  between  its  appearing  in  its 

neck  of  the  Whale,  whose  right  ascension  is  greatest  brightness  and  returning  to  it  again 

2"*  8'  33",  and  south  declination,  3^  57'  25".  to  be  333  days.    He  found  also  that  about  120 

It  was  first  observed  on  August  13th,  1596,  days  eUipse  between  the  time  that  it  is  first 

by  David  Fabridus,  whim  it  appeared  like  a  seen  of  Uie  sixth  magnitude  and  its  disappear* 
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ing ;  &at  it  continuos  in  its  greatest  lustre  for  at  its  full  li^ghtneas  it  is  of  the  fourth  msgni- 
about  fifteen  da^'s ;  tiiat  ai^r  its  first  reap-  tude,  and  does  not  perceptibly  change  for  the 
pearance  of  the  sixth  magnitude  it  increases  space  of  fourteen  dajs.  2.  It  is  about  ax 
in  size  much  faster  till  it  come  to  be  of  the  months  in  increasing  firom  the  tenth  znagni- 
fourth  magnitude,  than  it  does  from  that  pe«  tude  and  returning  to  the  same;  so  that  it 
riod  to  its  being  of  the  third ;  and  that  firom  may  be  considered  as  invisible  during  that 
its  being  of  the  third  it  increases  to  the  second  time.  3.  It  is  conaderably  more  quick,  po^ 
magnitude  by  still  slower  degrees.  Modem  haps  one-half  more  so,  in  its  increase  than 
astronomers  give  the  following  description : —  in  its  decrease.  4.  Though,  when  at  its  fiiD, 
<<  It  remains  in  its  greatest  brightness  about  a  it  may  always  be  styled  a  star  of  the  fouith 
fortnight,  being  then  nearly  equal  to  a  star  of  magnitude,  it  does  not  constantly  attain  the 
the  second  magnitude;  it  decreases  during  same  degree  of  brightness,  but  the  difierenoes 
tbree  months,  till  it  becomes  completely  inviei-  are  very  small.  6.  Its  right  ascension  for 
ble,  in  which  state  it  remains  about  five  1786  is  31  ^^  18' 4'';  and  its  south  declination, 
months,  when  it  again  becomes  fisible,  and  22^  9'  38''.  It  is  marked  No.  30  in  Here- 
oontinues  increasing  during  the  remaining  hus'  Catalogue  of  the  Stan;  from  which 
three  months  of  its  period ;  but  it  does  not  data,  its  place  may  easily  be  found  on  a  plani- 
always  return  to  the  same  degree  of  bright-  sphere,  or  on  the  oelestud  globe, 
ness,  nor  increase  and  diminish  by  the  same  In  the  year  1 600,  Q.Jansonius  discovered  a^ 
gradations."  It  appears  about  twelve  times  variable  star  in  the  breast  of  Uie  Swan,  which 
in  eleven  years.  Cassini  determined  its  pe-  was  afterwards  observed  by  difforent  astnmo- 
riod  to  be  334  days ;  but  Sir  W.  Herschel  mers,  and  supposed  to  have  a  period  of  ahoot 
makes  it  331  days,  10  hours,  19  minutes.  It  ten  years.  The  results  of  Mr.  Pigot's  cako- 
appears,  then,  that  this  star  passes  through  all  lations  fifom  the  observations  of  former  astiih 
the  gradations  of  light  and  magnitude  fit>m  a  nomers  are-^l.  That  it  continues  in  foil  his- 
star  of  the  second  to  a  star  of  the  sixth  mag-  tre  for  five  years.  2.  It  decreases  rapidlj  fcr 
nitude  and  under ;  but  after  it  has  disappeared  two  years.  3.  It  is  invisible  to  the  naked 
to  the  naked  eye  it  maybe  traced  to  its  lowest  eye  for  four  years.  4.  It  increases  slowly 
magnitude  by  a  telescope  of  moderate  power,  during  seven  years.  5.  All  these  changes  are 
It  is  sometimes  distinguished  by  the  name  of  completed  in  eighteen  years.  6.  It  was  at  its 
Stella  Mira,  or  the  wondeiiul  star,  and  Omt-  minimum  at  the  end  of  the  year  1663.  7.  It 
cron  Ceti,  does  not  always  increase  to  the  same  dei>;ree 
In  1704,  Maraldi  observed  a  variable  star  of  brightness,  being  sometimes  of  the  third, 
in  the  constellation  Hydrtu  This  star  had  and  at  others  only  oi  the  sixth  magnitade 
been  described  by  Montanari  in  1670,  but  was  *'I  am  entirely  .ignorant,"  says  Mr.  Pigot, 
not  visible  in  April,  1702.  Maraldi  saw  it  *<  whether  it  is  subject  to  the  same  changes  in 
for  the  first  time  in  the  beginning  of  March,  this  century,  having  not  met  with  any  seriee 
1704,  in  the  same  place  where  it  had  been  of  observatitns  upon  it ;  but  if  the  above  con- 
seen  thirty-four  years  before.  It  appeared  of  jectures  are  right,  it  will  be  at  its  minimam  in 
the  fourth  magnitude,  and  continued  nearly  in  a  very  fow  years.  Since  November,  1781,  to 
the  same  state  till  the  beginning  of  April.  It  the  year  1786,  I  have  constantly  seen  it  of 
then  gradually  diminished  till  the  end  of  May,  the  sixth  magnitade,  though  I  suspect  that  in 
when  it  oould  no  longer  be  seen  by  the  naked  1785-6,  it  had  rather  decreased."  This  itar 
eye,  but  was  visible  tiirough  the  telescope  for  is  near  Gamma  in  the  Swan's  breast :  it  varies 
a  month  longer.  It  could  not  be  seen  again  from  the  third  to  the  sixth,  seventh,  &c.  mag* 
till  the  end  of  November,  1705,  when  that  nitudes.  Its  right  aseension  is  20i>  O'  Si''; 
part  of  the  heavens  began  to  emerge  fix)m  the  north  declination,  37^  22^  37^'. 
sun's  rays.  It  was  tiien  very  fiiint,  and  grew  One  of  the  most  remarkable  of  these 
less  and  less  till  the  end  of  February,  1706,  changeable  stars  is  that  called  AlgoU  in  ^ 
and  could  then  be  scarcely  perceived  even  head  of  Medusa,  in  the  constellation  Perteut. 
with  a  telescope.  It  did  not  reappear  till  the  It  had  long  since  been  known  to  appear  of 
18th  of  April,  1708,  when  it  was  larger  than  different  magnitudes  at  diffeient  times;  but 
a  star  of  the  sixth  magnitude,  and  increasing  its  period  was  first  ascertained  by  John  Good- 
in  lustre.  It  was  seen  by  the  same  observer  ricke,  Esq.,  of  York,  who  began  to  observe 
afterwards,  in  the  years  1709  and  1712.  From  it  in  the  begiiming  of  the  year  1783.  It 
the  observations  of  Maraldi,  Mr.  Pigot  con-  changes  continually  from  the  first  or  second 
dudes  that  its  period  was  then  494  days;  but  to  the  fourth  magnitude ;  and  the  time  which 
fi:om  observations  made  by  himself,  he  thinks  elapses  from  one  greatest  diminution  to  the 
that  new  it  is  only  487  days ;  so  that  from  other  was  found  in  1783  to  be,  at  a  mean,  S 
the  time  of  Maraldi  it  has. shortened  seven  days,  20  hours,  49  minutes.  The  change  » 
days.  The  following  are  the  more  prominent  thus-curing  four  boufs  it  gradually  dinu- 
particulars  relating  to  this  star: — 1.  When  nishes  in  lustre;  during  the  succeeding  fov 
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lioani  it  reooven  its  first  magnitude  by  a  like  magnitade.  Its  rig^t  asoeiision  is  19^  41' 
giadusl  incfease;  and  during  the  lemainiug  34'^;  and  its  north  declination  0^  28^  14". 
part  of  the  period,  namely,  2  days,  12  hoars,  It  is  about  eight  degrees  south  from  Altair, 
43  minutes,  it  invariably  preserves  its  greatest  the  principal  star  in  the  constellation  Aquila. 
lustre ;  after  the  expiration  of  which  its  dimi-  T^  above  descriptbns  may  suffice  as  sped- 
nution  again  commences.  Accoiding  to  Mr.  mens  of  the  phenomena  of  variable  stars. 
Pigot,  wbo  has  made  many  observations  on  There  are  about  seven  or  eight  other  stars 
nich  stars,  and  paid  particular  attention  to  which  have  been  observed  to  be  certainly  v»- 
thc  subject,  the  degree  of  brightness  of  this  riable,  among  which  are  the  following  * — A 
star  when  at  its  minimum  is  variable  at  star  in  the  Northern  Crown,  whose  right  a»- 
diflerent  periods;  and  he  is  of  the  same  opi-  cension  is  \b^  40'  11'';  north  decUnation, 
mon  in  regard  to  its  brightness  when  at  its  28^  49'  30" ;  and  period,  10^  months.  A  star 
loll;  but  whether  these  difierences  return  in  Hercules,  whose  ri^t  ascension  is  l?**  4' 
legulariy  or  not  has  not  been  determined.  54" ;  north  declination,  14°  38' ;  and  period 
The  right  ascension  of  Algol,  or  0  Persei,  for  of  variation  60^  days.  A  star  in  Sobeiski's 
^786,  is  20  54'  19" ;  and  its  north  decUnation,  Shield,  whose  right  ascension  is  18'>  36'  38"; 
40^  6'  58".  It  is  situated  12°  east  of  Almatich,  south  declination,  5°  56' ;  and  period  62  days, 
in  the  foot  of  Andromeda,  and  may  be  known  '  The  star  Beta  Lyn&— right  ascension,  18i>  42' 
by  means  of  three  stars  of  the  fourth  magni-  1 1" ;  north  declination,  33°  7'  46" ;  greatest 
tode  lying  a  few  degrees  south-west  of  it,  and  least  variation,  3,  4,  5 ;  supposed  period, 
and  forming  a  small  triangle.  It  comes  to  6  days,  9  hours.  The  star  Delta  Cephei, 
tfte  meridian  on  the  21st  December,  about  whose  period  is  5  days,  8^  hours ;  right  as- 
nme  o'clock  in  the  evening;  but  as  it  con-  cension,  22'*  21';  and  north  declination,  57° 
tinues  above  the  horizon  at  least  twenty  hours  50'.  With  several  others. 
out  of  the  twenty-four,  it  may  be  seen  every  Besides  these,  whose  variations  and  periods 
evening  irom  August  to  May.  have  been  determined,  there  are  about  thirty- 

Another  variable  star  is  to  be  found  in  the  seven  other  stars,  which  are,  with  good  reason, 
neck  of  the  Swan.  The  period  of  this  star  suspected  to  be  variable,  but  whose  periods  of 
has  been  settied  by  Maraldi  and  Cassini  at  change  have  not  yet  been  ascertained,  on  ao- 
^Oo  ^••yr ;  but  from  a  mean  of  the  observa-  count  of  the  want  of  a  sufficient  number  of 
tiooa  of  Mr.  Pigot,  it  appears  to  be  only  392,  observers,  who  might  devote  their  attention 
or  at  most  396}  days.  The  particulars  re-  more  particularly  to  this  department  of  astro- 
lating  to  it  are^ — 1,  When  at  its  full  bright-  nomical  observation.  For  example,  the  star 
nesB,  it  undergoes  no  perceptible  change  for  a  Pollux,  or  Beta  Gemini,  is  suspected  to  change 
lortnight.  2.  It  is  about  three  and  a  half  from  the  first  to  the  third  magnitude. 
'  jonths  in  increasing  firom  the  eleventh  mag^  When  contemplating  such  changes  among 
:  itude  to  its  fiill  brightness,  and  the  same  in  bodies  so  immensely  distant,  and  of  so  vast 
decreasing;  for  which  reason  it  may  be  con-  magnitude,  we  are  naturally  led  to  inquire 
si^ered  as  invisible  during  six  months.  3.  It  into  the  causes  which  produce  those  pheno- 
does  not  always  attain  the  same  degree  of  mena.  Our  ignorance,  however,  of  the  pre- 
hk^re,  beicg  sometimes  of  the  5th  and  some-  cise  nature  and  constitution  of  those  remote 
time«  of  the  seventh  magnitude.  The  right  bodies,  and  of  the  scenes  and  circumstances 
ascension  of  this  star  is  19*^  42'  21" ;  and  its  in  which  they  maybe  placed,  prevent  us  fit>m 
Ui^ith  declination,  32°  22'  58".  It  is  situated  forming  any  definite  or  satis&ctory  conclu- 
in  the  neck,  and  nearly  equi-distant  from  Beta  sions.  The  following  are  some  of  the  opi- 
aitd  Gamma,  and  south  by  west  frt)m  Deneb,  nions  which  hai|p  been  thrown  out  on  this 
at  the  distance  of  about  twelve  degrees,  and  subject.  It  has  been  supposed  that  portions 
i  -  marked  Chi,  of  ^e  surfaces  of  these  stars  are  covered  with 

The  star  Eta  Antinoi  is  another  star  of  large  black  spots,  which,  during  the  diurnal 
ifais  description,  whose  variation  and  period  rotation  <^  the  star,  present  themselves  under 
were  discovered  by  Mr.  Pigot  in  1785.  From  various  angles,  and  thus  produce  a  gradual 
bis  corrected  observations,  he  concludes  that  it  variation  in  its  brilliancy.  Sir  W.  Herschel 
continues  at  its  greatest  brightness  forty  hours  says  "  Such  a  motion  may  be  as  evidently 
without  decreasing ;  it  is  si  xty<«x  hours  after  proved  as  the  diurnal  motion  of  the  earth, 
n  begins  to  decrease  before  it  comes  to  its  full  Dark  spots,  or  large  portions  of  the  surface 
Jtminution ;  after  which  it  continues  station-  less  luminous  than  the  rest,  turned  alternately 
aiy  for  thirty  hours  more ;  and  then  in-  in  certain  directions,  either  towards  or  from 
creases  for  thirty-six  hours.  In  every  perioc^  us,  will  account  for  all  the  phenomena  of  pe- 
i(  seems  to  acquire  i  fi  U  brightress,  qrd  V  rii-dical  char*^es  in  the  lustre  of  the  stars  so 
be  equally  decreased.  Its  ^riod  therefor  '  t  L^ti^fiicturily,  '«hat  we  certainly  need  not  look 
•even  days,  four  hours ;  and  its  greatest  and  for  any  otiier  cause.*'  Sir  Isaac  Newton 
variation  is  from  the  third  to  the  5f  h   ^hoi\ght  thrt  the  si.dien  blaze  of  some  stars 
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maj  have  been  occasioned  by  "  the  iailing  of  inatances  may  operate  m  pn/Jacm(,-  the  efieslr. 
a  comet  into  them,  by  which  means  tibcy  V.  doM  not  tppear  to  me  probable  that  the 
would  be  enabled  t  cas^  p  prodigious  light  ciuse  which  produces  the 'variation  in  the  case 
for  a  little  tL  e,  after  which  they  would  gra-  of  Delta  Cephei,  whose  period  is  only  5  days, 
dually  return  to  their  former  state."  But  we  8  j  hours,  is  the  same  whicn  produces  all  die 
know  too  little  about  the  nature  of  comets  to  variety  of  change  which  happens  in  the  jsLj 
be  able  to  determine  what  effect  they  would  Gamma  in  the  Swan's  breast,  whose  periocii- 
produce  in  such  a  case,  nor  are  we  certain  cal  changes  are  completed  only  in  eighteen 
that  such  bodies  are  connected  with  other  sys-  years.  It  is  not  unliksly  that  a  rotation  round 
terns.  If  the  fixed  stars  be  nearly  of  the  same  an  axis,  which  hss  the  eflfect  oi  presenting 
nature  as  the  sun,  it  is  highly  improbable  that  difierent  sides  of  the  star  of  more  or  iess  de- 
any  such  eflect  would  be  produced  even  grees  of  obscurity  or  brightness  to  the  eye  of 
altho'^gh  a  comet  were  to  fall  into  its  lumi-  a  spectator,  will  account  for  the  phenomena 
nous  atmosphere,  as  that  atmosphere  appears  of  such  stars  as  Eta  Antinoi  and  Delta  Ce- 
to  have  nothing  in  it  that  would  take  &e  by  phei  f  but  it  doee  not  appear  probable  that  a 
the  rpproach  (rf*  any  extraneous  body,  or  that  motion  of  rotation  is  so  alow  in  any  of  these 
would  *^  blaze"  like  combustible  sulratances  on  bodies  as  to  occupy  a  period  of  eighteen  yeais, 
tLe  earth.  The  blaze,  if  such  an  ellect  were  as  in  the  case  of  the  star  in  the  breast  of  the 
to  take  place,  would  scarcely  be  distinguisha-    Swan. 

ble  from  our  globe,  and  much  less  from  a  dis-  I  am  disposed  to  consider  it  as  highly  pro* 
tant  system.  Maupertiu^  in  a  <<  Dissertation  bable  that  the  interposition  of  the  opaque 4 
on  the  Figures  of  the  Celes  ial  Bodies,"  is  of  bodies  of  large  planets  rewlving  around 
opirion  *.^at  some  stars,  by  th^ir  prodigious  such  stars  may,  in  some  cases,  account  for  the 
quick  votption  on  their  axes,  may  not  only  phenomena.  It  is  true  that  the  planets  con- 
assume  the  figures  of  oblate  spheroids,  but  nected  with  the  solar  system  are  so  small  ia 
that,  by  the  great  centrifiigal  force  arising  firom  comparison  of  the  sun  that  their  interposition 
such  rotationj,  th^y  may  become  of  the  figures  between  that  orb  and  a  spectator  at  an  im- 
of  millstones,  or  '*«  reduced  to  flat  circular  mense  distance  would  produce  no  sensible 
pi>  nts,  so  thin  as  to  o^.  quite  invisible  when  effect  But  we  iiave  no  reason  to  conclude 
their  edges  are  turned  towards  us,  as  Saturn's  that  in  all  other  systems  the  planets  are  form- 
ring  is  in  such  positions.  And  when  any  ed  in  the  same  proportion  to  their  central  oilis 
eccentric  planets  or  comets  go  round  any  fixed  as  ours;  but,  irom  the  variety  we  perceive  in 
star,  in  orbits  much  inclined  to  its  equator,  every  part  of  nature  both  in  heaven  and  earth, 
the  attraction  of  the  planets  or  comets  in  their  we  have  reason  to  conclude  that  every  system 
perihe'ions  must  alter  the  inclination  of  the  of  the  universe  is  in  some  respect  di^rent 
axis  ot  ihat  star ;  on  which  account  it  will  from  another.  There  is  no  improbability  in 
ippear  more  or  less  large  and  luminous,  as  its  admitting  that  the  planets  which  revolve 
broadside  is  turned  more  or  less  towards  us.  round  some  of  the  stars  may  be  so  laige  as  to 
rhis  opinion,  at  best,  I  consider  as  having  a  bear  a  considerable  proportion  (perhaps  one- 
rery  small  degree  of  probability,  and  almost  half  or  one-third)  to  the  diameters  of  the  orbs 
juito  untenable.  Mr.  Dunn,  in  a  paper  in  around  which  they  revolve ;  in  which  case,  if 
vol.  52  of  the  **  Philosophical  Transactions,"  the  plane  of  their  orbit  lie  nearly  in  the  line 
fupposes  that  the  interposition  of  some  gross  of  our  vision,  they  would  in  certain  parts  of 
Atmosphere  may  solve  the  phenomena  under  their  revolutions  interpose  between  our  eye 
consideration.  **  The  appearance  of  new  and  the  stars,  so  as  to  hide  for  a  time  a  por- 
stars,"  says  he,  **  and  the  disi^ipearance  of  tion  of  their  surfiices  from  our  view,  while  ir. 
others,  possibly  may  be  occasioned  by  the  in-  that  part  of  their  orbits  which  is  next  the  earth 
terposiUon  of  such  an  ethereal  medium  within  Such  a  supposition  is  by  no  means  inconsis- 
their  respective  orbs  as  either  admits  light  to  tent  with  the  operation  of  the  law  of  univeisal 
pass  fireely  or  wholly  absorbs  it  at  certain  gravitation ;  for  although  such  planets  bore  a 
times,  whilst  light  is  constantly  pursuing  its  considerable  portion  of  the  size  of  their  cen- 
joumey  through  the  vast  regions  of  space."  tral  luminaries,  yet  we  have  only  to  suppose 
Whatever  opinions  we  may  adopt  on  this  that  their  destiny  is  very  smaU,  They  may 
lubject,  it  is  evident  that  the  regular  success  be  globes  whose  central  parts  are  devoid  ot* 
sion  of  the  variations  of  periodical  stars  pre-  solid  matter,  consisting  only  of  a  solid  exter- 
elude  the  idea  of  their  being  destroyed.  It  is  nal  shell  for  the  support  of  inhabitants,  as  is 
likewise  evident  that  motion  of  some  kind  Or  probably  the  case  with  the  planet  Saturn, 
other,  either  in  the  stars  themselves  or  in  whose  density  is  only  equal  to  that  of  coik. 
some  bodies  either  directly  or  remotely  con-  A  planet  eboxxt  the  size  we  have  now  sup* 
Dected  with  them,  must  be  one  of  the  causes  posed  revolving  around  a  star  would,  in  a 
of  the  phenomena  in  question ;  and  it  is  not  great  measure)  account  for  the  phenomena 
miprobable  that  different  causes  in  difierent  presented  by  Algol*  This  star  accomplishes 
(676) 
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ihrperiod  afitiTariULOiisin  Sdiyntiidnearly  and  nhj  maj  not  >  mn  rrvolTe  uoBnil  ■ 
II  hoars.  During  3jor4  boum  it  sniluill;  central  plaott,  wboae  mrfhce  ma;  umlun 
diminisheti  in  lustn^  uiJ  during  Ihe  aucxeed-  forty  tima*  the  am  of  all  the  planets  of  our 
ing  four  tunira  it  graduElly  lecovors  lu  first  ayatem,  in  order  to  dintrilnil?  light  and  heat, 
mainitudr.  Tiiiou^hout  the  remaining  part  and  other  beneficial  infiiienccs,  to  its  numer- 
«f  tlie  penod — namoly,  a  days,  13  hours,  42  oua  population  !  No  riololion  of  the  law  of 
minulcB. — it  invatisbly  preserves  its  greatest  univenial  graTitation  \a  implied  in  such  a  nip 
loMre ;  so  that  the  time  of  ita  being  ditnintah-  position  ;  and  the  Almigh^  ia  not  confined  to 
rd  in  lustre  is  only  about  the  ninth  part  of  il«  one  mode  of  arranging  systenu  andnoild:'. 
nhole  period  of  Tariation.  Now  supposing  a  Suppoamg,  then,  such  sn  anangenienl  i 
vtiiwl  about  balf  the  diameter  of  the  star  re-  exist,  il  might  account  for  the  phenomenn  uf 
Tnlviug  around  Algol,  it  would  intercept  ■  some  of  the  Tsiiable  stars,  particularly  tho!e 
which  remain  invi§ib]e  fer  a  certain  period. 
Fig.  II.  Such  are  some  of  thorn  formerly  noticed,  aa 

the  star  in  Hydra,  and  that  in  the  bressl  of  the 
Swan,  and  particularly  a  star  in  the  Ncsthcm 
Crown,  whoac  nglit  ascen.  is  15'  40',  north 
declin.  28"  49i',aiid  period  IDJ  monllis,  and 
which  decrsases  from  the  liith  to  the  ninth 
and  tenth  magnitude.  It  attained  iU  fiill 
Il  bri^tncag  about  the  lith  of  August,  179!), 

and  continued  so  for  three  weeks  ;  in  3}  weeks 
it  decreased  to  the  tenth  magnitude,  and   a 
lew  day>  aRetwarda  disappeared.  Alter  (icing 
a  considerable  time  invisible,  in  April,  17Q6, 
it    again  appeared;   on  the    7th  of  .May,  St 
readied  the  ninth  magnitude,  and  then  gra- 
dually attained  ita  iuti  brigblness.    If,  then, 
lirge  portion  of  ita  anriace  when  it  passed  he-    «"*  a  star  was  revolving  round  a  very  large 
twfen  oar  eye  and  the  alar,  aa  at  a.  b.  (fig.    central  planet,  it  ie  easy  to  conceive  that  in 
II,)  where  the  white  circular  ring  represento    'he  more  distant  part  of  its  course  it  might  be 
tile  auface  of  the  star  partly  covered  by  the    Ind  ffom  our  view,  either  in  whole  or  in  part, 
plinet.      Its  lustre  would  begin  to  diminish    ^3  the    interposition  of  the  opaque  central 
■  h^n  the  planet  entered  on  ita  edge  at  (f,  and    boily,  aa   is  obvioua  fiom  an  inapcction   of 
It  would  agmn  resume  iU  fiill  brightness  when    Gguro  IS,     And  sa  the  star  now  alluded  to 
iraing  off  at  c,  the  dark  ude  of  the  planet  be-    never  cieeeds  in  luatre  a  atar  of  the  aiith 
ing  afcourae  turned  to  our  eye  ;  and  during   magnitude,  it  ia  not  improbable  that  il  ie  one 
the  remaining  part  of  ita  revolution  it  would    "f  '^''  inferior  order  of  those  luminoiw  orba 
appear  in  its  brightest  lustre.     The  regularity    which  may  revolve  round  an  opaque  body  of 
of  the  change*  of  this  atai  admits  of  the  eup-   superior  magnitude. 
poscion  now  mnde,  and  evidently  requires  a 

regular  motion  of  some  kind  or  other,  either  Fif-  IS. 

in  the  Etar  itself  or  in  aome  body  eormected 
witb  it,  in  order  to  produce  the  phenoinent. 
Perhaps,  in  the  cawi  of  some  of  the  vaiiabb 
•tan,  we  might  suppose  several  large  planeta 
in  sucrCMion  (o  paaa  between  our  eye  and  the 
star  to  account  for  the  appearance  they  pro- 
lent — a  SQppoaition  iriiich  perfectly  agree* 
with  the  idea  of  ■  s;yrien>  of  revolving  bodiea. 
Aa  it  is  not  probaJjle  that  the  changes  of  all 
auch  etarm  arise  from  the  same  cause,  what 
•bould  hinder  tia  from  snppodng  that  thert 
an  ttart  or  sunt  thai  reeowe  around  platult 
nj  a  SIM  immeiatly  grtaier, — tha  planets,  , 
to  example,  bearing  a  similiar  proportion  lo  ' 
the  stars  as  the  son  bear*  to  Jupiter  1  Con-  i 
■deling  the  immense  variety  of  celestial  me-     ' 

chaniam  throDghout  the  tinirerse,  there  can  8adi|  then,  are  Nme  of  the  conceivabte 
be  no  great  improba'jility  in  such  a  auppori*  eaiuea  which  may  produce  the  phenomena  of 
lioft.  The  case  of  doable  tlart  demonstrates  variable  stars,  although  other  causes  may  in 
that  ODC  sun  actually  rcTotve*  rouiwl  another;  some  casta  eiist  of  which  we  have  no  con- 
73  3C  (677, 
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ception.   These  phenomena  evidently  Indicate  Flamstead,  in  his  HUioria  Celetiu,  are  now 
that  motions  and  revolutions  of  various  kinds   found  to  be  of  difleient  magnitudes  since  the 

are  going  forward  throughout  the  stellar  re-  period  in  which  he  observed  Hbe  heavens  and 

gions;  that  the  Almighty  is  superintending  formed  his  catalogue.     For  example;  the  1st 

tile  movements  of  those  provinces  of  his  em-  and  2d  of  Hydra  are  now  only  of  the  eighth 

pire,  and  that  all  his  agencies  have  a  respect  or  ninth  magnitude  instead  of  the  fourth,  as 

to  the  order  and  the  happiness  of  intelligent  they  are  marked  by  Flamstead.    The  31  si 

existence.  and  34th  of  Draco  have  changed  greatly; 

Besides  the  periodical  variations  to  which  the  Slst  has  increased  from  the  seventh  to 

we  have  now  adverted,  there  are  several  other  the  fourth,  and  the  34th  has  diminished  from 

striking  changes  which  have  been  observed  in  the  fourth  to  the  axth  or  seventh  megiutude. 

the  stany  regions  which  deserve  ^jrattentitm.  The  38th  Perseus,  instead  of  the  sixth,  has 

and  which  I  riiall  briefly  notice.  now  increased  to  the  fourth  magnitude.  About 

1.  Several  stars  which  were  formerly  dis-  thirty  stars  of  this  description  are  reckoned  by 
tinctiy  visible,  and  are  marked  in  different  Sir  W.  Herschel  to  have  changed  their  mag- 
cataloguesy  are  now  wholly  lost    The  fol-  nitodes. 

lowing  are  a  few  instances.     M.  Montanere,  3.  There  are  stars  unknown  to  the  ob- 
professor  of  mathematics  at  Bononia,  in  a  servers  of  former  times  which  have  recently 
letter  to  the  Royal  Society,  of  date   April  become  visible.    The  following,  among  others 
1670,  gives   the    following    statement:  -—  of  this  description,  have  been  marked  by  Sir 
**  There  are  now  wanting  in  the  heavens  two  W.  Herschel : — 1.  A  star  in  the  end  of  the 
Stan  of  the  second  magnitude,  in  the  stem  and  Lizard's  tail,  of  the  fourth  or  fifth  magnitude, 
yard  of  the  Aip  Argo.    I  and  others  observed  which  is  not  recorded  by  Fhimstead,  although 
them  in  the  year  1664,  upon  occasion  of  the  he  notices  one  in  that  constellation  less  con- 
comet  that  appeared  that  year.     When  they  spicuous.     2.  A  star  near  the  head  of  Ce- 
disappeared  &rst  I  know  not ;  only  I  am  sure  pheus.    3.  A  considerable  star  in  a  direction 
that,  in  tho  year  lf<68,  upon  the  10th  of  from  the  68th  to  the  61st  of  GeminL  4.  A  star 
April,  there  was  not  tne  least  glimpse  of  them  of  considerable  brightness  preceding  the  Ist 
to  be  seen,  and  yet  the  other  stars  about  them,  of  the  Littie  Horse.    5.  A  remarkable  stsr 
of  the  third  and  fourth  magnitudes,  remained  between  ^  and  5  Hydras.    6.  A  star  near  ^ 
the   same.      I  have   observed    many  more  Hereules,  of  the  fourth  or  fifth  magnitode, 
changes  among  the  fixed  stara,  even  to  the  with  several  others.    Similar  observations  ap- 
number  of  a  hundred,  though  none  of  tiiem  pear  to  have  been  made  about  the  end  of  the 
are  so  groat  as  those  I  have  showed."  In  1670,  seventeenth  and  the  beginning  of  the  eigfa- 
Anthnlm  discovered  a  star  of  the  third  magni-  teenth  centuries,  by  Caasiniand  othcTs.    Cas- 
tudc  in  tlie  head  of  the  Swan,  which  after  be-  sini  discovered  a  new  star  of  the  fourth,  and 
coming  completely  invisible,  reappeared,  and  two  of  the  fifth  magnitude  in  Cassiopeia;  two 
after  undergoing  one  or  two  singular  flunctua-  in  the  constellation  Eridanus,  one  of  the  foortfa, 
tions  of  light  during  two  years,  at  last  died  the  other  of  the  fifth  magnitude ;  and  four  of 
away  entirely,  and  has  not  since  been  seen,  the  fifth  and  sixth  magnitude  near  the  north 
Sir.  William  Herschel  gives  a  list  of  thirteen  pole,  which  had  not  been  perceived  at  a  for- 
stars,  most  of  which  are  supposed  to  bo  lost,  mer  period. 

Of  these  are  the  following : — Nos.  80  and  81  Such  changes  in  bodies  so  fax  removed  from 
of  Hercules,  both  of  the  fourth  magnitude ;  our  system,  and  of  magnitadee  so  enoraions 
the  19th  of  Perseus,  of  the  sixth  magnitude ;  as  the  least  of  them  must  be,  naturally  lead 
and  the  108  Pisces,  are  judged  to  be  wholly  to  the  conclusion  that  revolutions  of  vast 
lost  The  stars  73, 74  Cancer,  in  the  southern  extent,  and  operations  conducted  on  a  most 
claw  of  the  Crab,  of  the  sixth  magnitude,  are  magnificent  scale,  are  incessanUy  going  fbr- 
either  lost  or  have  suffered  such  great  changes  ward  in  those  remote  and  unexplorable  re> 
that  they  can  no  longer  be  found.  On  this  gions.  In  the  case  oC  stars  which  have  totally 
subject  Sir  John  Herschel  states — ^  The  star  disappeared,  we  are  led  to  conclude,  eithei 
42  Virginis  is  inserted  in  the  catalogue  of  the  that  some  vast  and  important  change  has 
Astronomical  Society  from  Zach's  Zodiacal  taken  place  in  the  eonstittUion  of  certain 
Catalogue.  I  missed  it  on  the  9th  of  May,  woiids  or  systems,  or  that  the  central  liunina- 
1828,  and  have  since  repeatedly  had  its  place  ries  of  such  systems,  with  all  their  surround- 
in  the  field  of  view  of  n^  twenty  feet  reflector  ing  jdanets^  have  been  tzansported  by  <onie 
without  perceiving  it,  miless  it  be  <me  of  two  unknown  and  almighfy  agency  into  more  dia- 
equal  stars  of  the  9th  magnitude  very  nearly  tant  regions  of  space,  where  they  may  remain 
in  the  place  it  must  have  occupied."  for  ever  hid  fix>m  our  view.     As  to  those  rtaxs 

2.  Some  stars  have  changed  their  magni-  which  have  changed  their  magnitudes  within 
tudes  since  the  beginning  of  last  century.  A  the  last  century,  tiiey  may  either  be  spproadi- 
considerable   number    of  stars   mari^ed  by  ing  to  or  receding  from  the  system  to  whidi 

(578) 
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we  belong,  or  their  native  brightnew  may  be  nishing' altogether  from  the  view;  or  a  stai 
either  increaaing  or  duniniahing  from  caueee  appearing  in  a  point  of  the  heavens  which 
with  which  we  are  unacquainted;  or  some  was  unoccupied  before.  The  distant  blaze 
ethereal  mediums  of  a  peoiliar  nature  may  of  a  field  of  furze,  the  fidUng  of  a  tower,  or 
be  interposed  between  our  sight  and  those  the  conflagration  of  a  cottage,  may  to  some 
distant  orbs.  With  respect  to  stars  unknown  appear  events  of  fiir  greater  interest  and  im- 
to  fimner  observers  which  have  recentiy  be-  portance ;  but  such  events  in  the  heavens  as 
come  visible,  it  is  not  unreasonable  to  suppose  those  to  which  we  refer  may  be  ccmnected 
that  these  are  new  systems  recently  launched  with  scenes  as  astonishing — though  perhaps 
from  the  creating  huMl  of  the  Omnipotent,  to  not  so  tramendou»*«>4»  if  the  sun  weie  shorn 
diversify  his  creation  and  augment  the  glories  of  his  rays  and  turned  into  darkness,  and  this 
of  his  em{Mre,  as  well  as  to  distribute  happi-  earth  and  all  the  planetary  globes  shattered 
neas  among  new  orders  of  sensitive  and  Intel-  to  their  centres  and  wrapped  in  flames;  or, 
Vigent  existence.  We  ought  not  to  imagine  as  if  a  new  sun  of  superior  magnitude  wexe 
that  the  work  of  creation,  considered  as  a  to  s^ppear  in  our  system,  and  to  illuminate 
whole,  is  yet  finidied,  or  ever  will  be  finished  our  globes  with  a  new  species  of  light  and 
daring  an  indefinite  laptfe  of  ages.  When  it  colours.  Objects  at  a  great  distance  from 
is  stated  by  the  inspired  writer  of  the  book  of  the  observer  make  little  impression  on  the 
Genesis  that  **  God  rested  firom  all  his  work,"  oigans  of  vision,  and  seldom  afiect  the  mind. 
we  aiB  to  understand  the  expression  only  in  A  fleet  of  the  largest  ships  of  war  viewed 
leference  to  the  formation  or  arrangement  of  from  the  top  of  a  tower  at  fifty  miles  distance 
the  world  in  which  we  reside  into  the  form  appears  only  like  a  few  ahnost  undistinguish* 
and  order  in  which  we  now  behold  it ;  for  to  able  specks  <m  the  verge  of  the  horizon,  while 
tikis  arrangement  chiefly,  if  not  solely,  the  de-  the  fete  of  individuals,  fAmili«*a^  cooununitieSy 
scriptions  of  the  sacred  historian  in  the  first  and  even  empu||,  may  depend  upon  the  en- 
chapter  of  Genesis  refer.  It  is  in  perfect  ao-  c«»onter  in  whicn  they  may  be  engaged.  The 
oondantoe  with  the  idea  of  a  Being  possessed  r^^nflagration  of  a  city  of  ten  hundred  thou- 
of  omnipotent  power,  boundless  goodness,  and  sands  of  inhabitants  may  appear  at  a  distance 
endless  duration,  that  his  creating  energies  as  only  a  fiiint  glimpse  of  Hght  in  one  pomt 
should  never  cease  in  their  operation  through-  of  the  horizon,  while  palaces,  and  temples, 
oat  aO  the  periods  of  an  interminable  exist-  and  thousands  oi  sf^endid  fidyrics  are  turned 
enoe ;  and  the  phenomena  to  which  we  refer  into  smoking  ruins,  and  multitudes  are  thrown 
are  a  strong  presumption,  if  not  a  demonstrar  into  the  utmost  consternation,  and  perishing 
five  evidence,  of  a  continued  series  of  crea*  in  the  flames.  The  burning  of  the  city  of 
tions;  These  new  creations  may  be  bursting  Moscow,  as  beheld  fcam  the  moon  when  the 
foith  in  the  remote  spaces  of  the  universe,  ir  dark  side  of  the  earth  was  presented  to  that 
various  degrees  of  splendour  and  magnif  •  orb,  would  appear  only  like  a  dim  lucid  speck, 
oence,  to  an  extent  of  which  we  have  no  cr  •-  scarcely  distinguishable  from  the  other  parts 
eeption;  and  fit>m  the  character  and  per'  ■«-  of  the  earth's  surfeoe.  And  if  this  be  the  case 
tions  of  the  Divinity,  we  have  reasor  to  in  respect  to  objects  within  such  Umited  dis- 
believe that  such  processes  will  be  incesp  atiy  tances,  what  astonishing  scenes  may  be  the 
going  forward  throughout  all  the  ag  4  of  result  of  what  we  perceive  in  bodies  many 
eternity.  thousands  of  miilionB  of  miles  distant,  when 

Whatever  opinions  we  may  be  disp  4ed  to  we  behold  them  disappearing  to  our  view,  or 

fovm  as  to  the  phenomena  to  which  v  «  have  even  when  we  perceive  their  light  only  in« 

adverted,  they  tend  to  convey  to  thf  reflect-  creasing  or  diminishing  1     Here  imagination 

ing  mind  magnificent  views  of  the   physical  is  left  to  fill  up  the  picture  which  the  oigans 

energies  of  the  Almighty,  in  arra>  ^g  the  of  vision  so  dimly  perceive.    We  are  to  con- 

difierent  departments  of  his  bounr^ss  domi-  sider  that  the  orbs  to  which  we  allude  are 

nions,  and  accomplishing  the  pu'uoses  and  luminous  globes  of  immense  size^ — that  they 

plans  of  bis  moral  government,  and  they  are  doubtiessendrcTed  with  a  retinue  of  worlds 

naturally  excite  in  the  mind  a  dr  *m  of  fiiture  replenished  with  inhabitantsy-^hat  what  to 

existence,  and  an  ardent  wish  v.  behold  the  us  appears  a  slight  change  of  aspect  may  to 

-veil  which  now  intercepts  our  w.ws  of  these  them  be  the  commencement  of  an  era  of  new 

glorious  orbs  withdrawn,  and  u  contemplate  glory  and    splendour^— that   the   Almighty 

the  scene  of  divine  operation  u*  all  its  splen-  rules  over  those  distant  regions  as  well  as 

do«ir  snd  magnifioenoe.  "  among  the  inhabitants  of  the  earth," — ^and 

At  first  view,  it  may  a|^)ear  d  circumstance  that  all  the  changes  which  happen  among 

of   ooDipaiative  insignifican-4}  to  behold  a  them  are  in  unison  with  his  eternal  designs, 

■nail  star,  scarcely  di^inguisuable  to  tiie  eye,  and  subserve  the  ends  of  his  universal  go- 

waxing  brighter,  or  growing  dimmer,  or  va-  vemment 
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CHAPTER  VIII. 
On  Double  -Stard  and  Binary  Syziemtm 

Is  whaterer  pert  of  creation  we  survey  the  a  very  remote  distance  firom  another,  miglit 

operationa  of  Uie  Almighty,  we  uniformly  happen  accidentally  to  lie  nearly  in  the  same 

find  the  characteristio  of  variety  impressed  line  of  vision  .as  the  larger  one;  and,  on  this 

upon  all  his  works.    This  is  evident  in  all  ground.  Dr.  Long,  in  his  ^'  Astronomy/*  shows 

the  kingdoms  of  nature  connected  vnth  our  how  the  annual  parallax  would  be  discovered 

globe,  where  the  multitude  and  diversity  of  by  a  star  appearing  single  at  one  time  of  the 

animals,  vegetables,  and  minerals,  cannot  but  year,  and  double  at  another.     It  appears  to 

strike  the  eye  even  of  the  most  superficial  ob-  have  been  chiefly  with  an  object  of  this  kind 

server.    Though  the  same  general  laws  ap-  in  view  that  Sir  William  Herschel  commenced 

pear  to  pervade  the  material  universe,  so  fiir  his  numerous  observations  in  this  department 

as  our  observation  extends,  yet  these  laws  are  of  sidereal  investigation.    But,  as  we  axe  m- 

so  comprehensive  and  so  endlessly  modified  formed  by  his  son,  who  has  distinguished 

as  to  produce  an  immense  variety  of  minute  himself  in  an  eminent  manner  by  sindlar  ob- 

and  wonderful  efifects.    It  is  more  difficult  to  servations,  he  had  hardly  entered  on  the  mea- 

trace  the  operation  of  these  laws  in  the  re-  surcments  of  the  angles  of  position,  and  the 

mote  spaces  of  the  univern^han  in  our  ter-  distances  of  double  stars,  before  he  was  divert- 

restrial  sphere.    But  even  in  regions  of  crea-  ed  firom  the  original  object  of  his  inquiry  by 

tion  immeasurably  distant  we  can  perceive  phenomena  of  a  very  unexpected  character, 

the  agen<7  of  the  same  powers  which  are  at  which  at  onoe  engnMned  his  whole  attention, 

woik  in  conducting  the  movements  of  our  The  circumstances  alluded  to  shall  be  parti- 

planetaiy  system ;  and  not  only  so,  but  we  cularly  described  in  the  sequel,  after  I  have 

can  trace  these  powers,  while  operating  with  given  a  brief  sketch  of  the  phenomena  of 

their  native  energy,  wonderfully  modified,  and  double  stars. 

producing  eflects  altogether    dififerent  firom       When  a  telescope  of  considerable  power 

those  which  we  experience  in  the  system  of  is  directed  to  certain  stars  which  appear  sin- 

which  we  form  a  part,  evidently  indicating  gle  to  the  naked  eye,  another  star,  generally 

that  a  variety y  analogous  to  that  which  we  much  smaller  than  that  which  appears  to  the 

behold  in  the  scene  around  us,  marks  the  unassisted  eye,  is  seen  quite  adjacent  to  it, 

operations  of  the  Creator  throughout  the  and  in  some  cases  the  interval  between  the 

immensity  of  lus  works.  This  will  more  clearly  two  stare  is  so  small  that  it  requires  a  very 

appear  in  the   descriptions  we    shall  now  high  degree  of  light  and  magnifying  power  to 

give  of  the  phenomena  of  double  and  multiple  be  able  to  perceive  that  they  are  two  distinct 

stars.  bodies.    Only  a  few,  perhaps  not  exceedmg 

The  phenomena  of  double  stars  do  not  six  or  eight,  of  these  stars  were  known  to  the 

seem  to  have  been  much  attended  to  till  Sir  astronomers  of  the  age  preceding  that  of  Her- 

W.  Herschel  commenced  his  extensive  obser-  schel ;  but  this  illustrious  astronomer,  with 

vations  on  the  sidereal  heavens.     About  a  unwearied  perseverance,  detected  no  less  than 

centuiy  ago,  the  astronomers  of  that  period  600  double  stars,  and  presented  to  the  Royal 

seem  to  have  been  aware  that  **  several  stars  Society  a  list  in  which  their  sitnaticm  and  n>- 

which  appear  single  to  the  bare  eye  are  by  the  lative  positions  are  distinctly  marked.    These 

telescope   discovered  to  be    double.'*    The  observations  of  the  elder  Herschel  were  fi>l- 

principal  stars  of  this  description  which  they  lowed  up  by  other  observers,  particularly  by 

mention  are^ — ^the  head  of  Castor,  the  first  in  Sir  J.  Herschel  and  Sir  James  South,  who, 

the  head  of  the  Ram,  the  star  Gamma  in  the  in  the  year  1824,  soon  after  Sir  W.  Herschel 

breast  of  Virgo>  and  the  middle  one  in  the  had  ceased  from  his  labours,  produced  a  cata- 

sword  of  Orion.     Conceiving  the  fixed  stars  logue  of  380  double  stars,  whose  distances 

as  bodies  precisely  o^  the  same  nature,  and  and  angles  of  position  they  had  detennined 

that  no  specific  or  diversified  arrangements  with  the  utmost  accuracy  and  predsion.    Sir 

prevailed  among  them,  they  do  not  appear  to  J.  South  afterwards  produced  a  distind  cata- 

have  entered  upon  any  minute  surveys,  by  logue  of  480,  and  Sir  J.  Herschel  a  list  of  up- 

the  telescope,  of  particular  stars;  and  tiieir  wards  of  3300  of  double  and  triple  stars,  fiom 

idea  respecting  the  double  stars  they  had  de-  his  own  solitary  observations,  aocompanied 

tected  was  merely  this,^-that  a  small  star,  at  with  all  the    micrometrical    measoreiiienC& 
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StruTc,  the  celebrated  astronomer  of  Dorpot,  genioiu  gentleman  has  now  been  fully  real* 
has  arranged  a  catalogue  of  no  less  than  3000  ized  by  Sir  William  Herschel  c\nd  otbei 
double  stars ;  and  before  he  determined  the  astronomers,  and  is  no  longer  a  subject  of 
characteristics  of  each  of  these,  he  examined  conjecture,  but  an  tueertained  fact.  This  is 
about  120,000  stara-Hi  laborious  process,  the  discovery  to  which  I  have  alluded  above, 
which  none  but  an  astronomical  observer  can  one  of  the  most  important  and  interesting 
duly  appreciate.  Mr.  Dunlop  has  formed  a  discoveries  which  astronomy  has  unfolded 
catalogue  of  250  double  stars  in  the  touihem  during  the  present  age,  and  which  opens  to 
hemiiyhepe ;  and  Sir  J.  Herschel,  during  his  our  view  a  new  prospect  of  the  plans  and  ar- 
late  residence  at  the  Cape  of  Good  Hope,  has  rangements  of  Infinite  Wisdom, 
added  conaiderably  to  their  number ;  so  that  Having  made  these  preliminary  remarko,  I 
we  may  now  reckon  about  6000  of  these  in-  diall  now  proceed  to  a  more  particular  detail 
tereatiiig  objects  as  having  already  been  dis-  of  the  ftcts  which  have  been  ascertained  1^ 
covered,  even  making  allowance  that  many  specting  binary  systems. 
of  these  objects  are  common  to  the  lists  of  When  Sir  W.  Herschel  first  directed  his 
the  observers  now  specified. '  attention  to  this  subject,  in  order  if  possible 

It  is  not  at  all  improbable  that  the  pheno-  to  determine  the  annual  parallax,  he  was  not 
mena  of  some  of  the  double  stars  i^ow  alluded  a  little  surprised  that,  instead  of  finding,  as 
to  may  arise  firom  accidental  pnxcimity,  the  he  expected,  a  regular  annual  change  of  the 
one  star,  though  fax  remote  and  unconnected  two  stars,  by  (me  alternately  shiiiing  its  posi- 
with  the  other,  lying  nearly  in  the  same  visual  tion  with  respect  to  the  other,  which  a  paral- 
Une.  Thus,  the  star  a,  fig.  13,  might  appear  lax  vrould  have  produced,  he  observed  in  many 
nearly  in  contact  with  the  star  6,  placed  at  an  instances  "  a  regular  progressive  ehangCy  in 
immense  distance  beyond  it,  when  viewed  some  cases  bearing  cojefly  on  their  distance, 
neorfy  in  the  same  straight  line  by  the  eye  at  in  others  on  their  position,  and  advancing 
e,  BO  as  to  produce  the  phenomena  of  a  steadily  in  one  direction,  so  as  clearly  to  in- 

p.     .0  dicate  either  a  real  motion  of  the  stars  them- 

^*  selves,  or  a  general  rectilinear  motion  of  the 

sun  and  whole  solar  system,  producing  a  pa^ 
rallax  of  a  higher  order  than  would  arise  from 
the  earth's  orbital  motion."  In  an  elaborate 
paper  on  this  subject,  read  before  the  Royal 
Society,  June  9,  1803,  he  considers  specific- 
ally all  the  motions  and  combinations  of  mo- 
tion that  can  possibly  be  supposed,  in  order 
double  star  sAdb.  But,  reasoning  a  priori,  to  account  for  the  phenomena,  particularly  of 
it  ajqiean  in  the  highest  degree  improbable  the  double  star  Castor,  and  satisftctorily  d^- 
that  such  coincidences  should  happen  in  the  monstrates  that  nothing  but  the  idea  of  the 
case  of  all,  or  even  of  the  greater  part  of  the  nnaller  star  revolving  around  the  larger  in  a 
double  stars  which  have  now  been  discovered;  circular  or  elliptical  orbit  will  solve  the  phe- 
and  therefore  Mr.  Michell,  so  early  as  the  nomena  in  question ;  and  this  conclusion  has 
year  1783,  in  a  paper  inserted  in  the  "  Philo-  been  amply  confirmed  by  all  succeeding  ob- 
sophical  Transactions*'  for  that  year,  states  it  servations.  Such  stars  therefore  must  be  con- 
as  his  opinion  that  they  are  binary  systems  sidered  as  physically  connected  by  the  law 
intimately  connected.  **  The  very  great  num-  of  mutual  gravitation,  so  that  they  describe 
ber  of  stars,"  says  he,  « that  have  been  disco-  orbits  around  each  other  and  around  their 
vered  to  be  double,  treble,  dbc,  particularly  by  common  centre  of  gravity,  and  bear  a  relation 
Mr.  Herschel,  if  we  apply  the  doctrine  of  to  each  other  similar  to  that  which  the  planets 
chances,  as  I  have  done  in  my  <  Inquiry  into   bear  to  our  sun. 

the  probable  Parallax  of  the  Fixeid  Stars,'  From  the  paper  of  Sir  W.  Herschel  now 
published  in  the  Philosophical  Transactions  referred  to,  I  shall  select,  as  a  specimen  of  the 
for  1767,  cannot  leave  a  doubt  with  any  one  motions  of  double  stars,  some  of  his  observa- 
properly  acquainted  with  the  force  of  those  tions  of  Castor^  or  a  Geminorum.  It  ap- 
arguments,  that  by  &i  the  greatest  part,  if  not  pears  that  Dr.  Bradley  in  the  year  1759  had 
all  of  them,  arc  systems  of  stars  so  near  each  observed  the  position  of  the  two  stars  which 
other  as  probably  to  be  liable  to  be  afifected  form  this  double  star,  and  communicated  it  to 
sensibly  by  their  mutual  gravitation ;  and  it  Dr.  Maskclyiie,  who  made  a  memorandum  of 
is  therefore  not  unlikely  that  the  periods  of  it,  of  which  tlie  following  is  a  copy : — "  Double 
the  revolutions  of  some  of  these  about  their  star  Castor.  No  change  of  position  of  the 
principals  may  some  time  or  other  be  disco-  two  stars ;  the  line  joining  them  at  all  times 
vered.*'  of  the  year,  parallel  to  the  tine  joining  Castor 

The  prediction  here  announced  by  this  in-   and  Pollux  in  the  heavens,  seen  by  the  naked 
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Bjt,"    The  object  of  Dr.  Bndlay  in  ataerv-       Let  the  small  central  drcle  C  rapnaenl  tha 

ing  the  exact  poailioa  id'  Iheae  Btan  was,  to   luger  itar  Castor,  and  C  the  ■moUer  itar,  and 

determine  if  anj  diange  happened  in  theii  lei  the  line  £  ^  lepieKnt  the  dlrectian  of  Ibo 

podtinn  at  oppoaile  periods  of  the  year,  so  as  two  stan  in  a  fine  with  the  star  Poliax,ttE, 

la  indicale  an  uiiiual  parallai.    The  angles   ai  observed  by  Dr.   BnuBe;  in   1759.    Is 

of  position  otaerred  by  Sit  W.  Henchel  are   Norembcr,   1779,  thej  were  linuid  in  the 

BS  fellow :  pomtioD  C  H,  twenty-one  degrees  from  ibe 

poailion  they  occupied  twenty  yein  before: 

ib.'^teE^iilosi.  INiu'oB         "■  F'ebniary,  1791,  they  were  thir*r-[hiB:  dc 

HoTcmber  I,  ITSfl  ....     56°  32'        STMB  from  the  some  position,  ic;  and  in 

Norember  5,  1779     ....  35    39        March,  1803,  forty-ai  and  a  half  degrees; 

February  83.  1791  .    ...    S3    36        giving  evident  indicstion  of  a  regular  progra- 

Doeember  16,  179S    ....  18     33         "™  motion  in  a  drcle.     Smce  1803  in  nu- 

March  26,  1800 14      3        tion  has  been  regularly  traced  by  Stnive,  Sir 

Dccombci  31,  ISOl    ....  13     la        J-  HctkIibI,  and  Sir.  J.  South  ;  and  in  1819 
February  28,  1803  ....      13       1  i'  ""  found  about  57°  degreeB  from  iu  fiirt 

March  37,  1803 10  63  podUon,  and  in  1830  about  68°,  still  regu- 
larly progrearing.  In  1819,  the  distance  of 
From  these  obserratioiu  it  appears  that  the  small  star  from  Castor  was  five  seamdi 
from  the  year  1769,  when  Dr.  Bradley  ob-  and  a  half,  and  in  1830  it  was  little  more 
served  the  positions  of  the  two  stani,  to  the  than  four  seconds  and  a  halfl  Although  Sir 
year  1803,  therehas  been  a  portion  of  an  orbit  W.Herschc],  as  above  stated,  conjectured  tin 
(lescrftied  by  the  smaller  star  aiound  the  period  of  revolution  lo  be  aboat  343  jean, 
greater  equal  to  forty-five  degrees  and  thirty-  yet  later  astronomeis,  from  a  comparison  of 
nine  minutes ;  and  from  the  time  that  Her-  all  the  observations  recently  made,  are  di» 
Bchel  commenced  his  observations  in  1779  till  posed  to  conclude  that  its  period  is  little  mm 
1803,  an  arch  of   twenty-four  degrees   and   than  250  years. 

thirty^iic  minutes   had  been   passed    over.       More  Chan  fifty  uistances  of  changes  in  Ihi 

Hence  Sir  W.  Hcrw^l  concludes—"  The   anglea  of  poajtion  (^  double  stan  weie  oh 

time  of  a  periodical  revolution  may  now  be    served  by  Sir  W.  Herachel,    besides  1b«s 

calculated  from  the  arch  4S°  39',  which  has   which  have  been  more  recently  obKrved  by 

been  described  in  43  yean  and  143  days.  The   hia  son  and  other  astronomers,  moat  of  wliich 

regularity  of  the  motion  gives  us  great  reaaon    indicate  motions  which  are  regularly  pragrft- 

to  conclude  that  the  orbit  in  which  the  imail    tine  ,■  but  a  considerable  number  of  years  niiirf 

star  moves  about  Castor,  or  rather  the  orbits    eli^  before  their  period*  can  bo  delermincd 

in  which  they  both  move  round  thoir  coamion    with  any  degree  of  accurairr.     The  Moinni 

centre  of  gravity,  are  nearly  cireular  and  at    double  stars  are  considered  as  denumslntive 

right  angles  to  the  line  in  which  we  see  them,    instances  of  circular  progreaaivB  motion  ;— 

IT  this  should  be  nearly  true,  it    follows  that    y  Virginia,  £  Ursc  Majoris,  70  Ophiucbi,  sand 

fht  time  of  a  tohok  apparmi  revolutiim  of    „  Coronm,  |  Bootis,  ^  CaBnopein,  y  Leooit, 

Iht  tmallttar  Ttmnd   CiutorwiU  he  abmtl    JHerculia,i  Cygni,H  Bootis,  (  4  and(5  Lyra 

343  ytart  and  two  montlu."     This  subject    \    Ophiuchi,   /i    Draconis,  i    Bootis,  and  J 

tnaybe  illustrated  to  the  general  reader  by    Aquarii.     The  periodic  times  of  some  of  Ihcee 

the  bllowmg  diagram ;  have  been  determined  to  a  near  approiim^ 

pw  14.  tion.     6ne  of  the  slata  of  Gamma  Virginis 

is  reckoned  to  rcvolrc  about  the  other  in  the 

space  of  BS9  years;  the  small  star  of  Cnmnw 

Leonis,  in    1200  yearn;    the  star  connedid 

with  Bptikm  Boutis,  in  1 600  years ;  that  of  El 

Cygnt,  in  453  years ;  that  of  Sigiaa  Cofonsi, 

in  387  years;  that  of  70  Opbiuchl,  as  mrrr- 

taincd  by  Professor  Encke.  in  80  yean ;  Ihsl 

of  Xi  UrsE,  in  68  years ;  that  of  Ztta  Ctntr, 

ui  6S  yean ;  and  that  of  Eta  Corona,  in  43 

A  whole  revolution  of  some  of  these  itan 
haa  been  neariy  completed  since  obsenatjons 
began  to  be  made  on  such  objecls.  The  mo- 
tion  of  Hie  small  star  of  Xi  Um  began  lobs 
traced  about  the  year  I7B1;  in  1819,  it  had 
moved  219°  from  its  position  in  1781 ;  in 
1B30,  h  was  303  from  that  poBtion,  progn*- 
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tng  in  a  circle ;  and  about  this  time,  or  the  them  no  otherwise  than  as  a  single  star  some- 
beginning  of  1840,  it  has  probably  finished  what  elongated.  According  to  Sir  J.  Her- 
As  orbital  revolution.  The  star  Eta  Corons,  schel's  computations,  the  Bmall  star  munt  have 
whose  period  is  forty-three  years,  has  not  only  arrived  at  its  perihelion  on  the  18th  of  August, 
accompliidied  a  complete  revolution,  but  is  ac-  1834.  He  also  determined  the  inclination 
tnally  coustderably  advanced  in  its  second  of  the  orbit  to  the  visual  rav  to  be  22°  58^, 
period.  Sir  J.  Herschel,  during  his  late  so-  and  the  angle  of  position  of  the  perihelion 
joum  at  the  Cape  of  Good  Hope,  is  said  to  projected  on  the  heavens,  36"^  24'.  The  small 
have  discovered  in  the  southern  skies,  binary  star  of  Eta  Corons  reached  its  perihelion  in 
stars,  whose  periods  of  revolution  are  even  1835 ;  and  it  is  calculated  that  the  ^'evolving 
shorter  than  those  now  stated,  their  change  star  of  Castor  will  reach  the  same  point  dur- 
of  position  having  been  quite  perceptible  dur-   ing  the  year  1855. 

ing  the  three  or  four  years  of  his  residence  in  From  the  observations  that  have  been  made 
that  quarter.  Sir  W.  Herschel,  in  the  paper  on  binary  stars,  it  now  appears  demonstrable 
to  which  I  have  already  referred,  states  obser-  that  the  law  of  gravitation  extends  its  in- 
vations  which  furnish  us  with  a  phenomenon  iluence  to  the  starry  regions ;  that  the  same 
which  is  new  in  astronomy — ^namely,  the  oc-  laws  of  motion  which  direct  the  planets  in 
euitation  of  one  star  by  another.  With  a  their  courses,  and  connect  them  vriUi  the  sun 
power  of  460,  in  July,  1782,  the  stars  of  Zeta  as  their  centre,  likewise  operate  in  these  hi- 
Herculis  were  then  half  the  diameter  of  the  nary  systems  in  carrying  one  star  around  the 
small  star  asunder;  in  1795, he  found  it  dilfi-  centre  of  gravity  of  another.  It  has  often 
cult  to  perceive  the  small  star  with  the  same  been  surmised  that  gravitation  is  a  power 
power;  in  1802,  the  small  star  could  no  which  is  universal  in  its  influence ;  and  here 
longer  be  perceived,  but  the  apparent  disc  of  we  have  a  proof  that  it  extends  not  only  be* 
the  large  star  seemed  to  be  a  little  lengthened  yond  the  range  of  the  planetary  system  and 
one  w^ay.  With  his  ten  feet  telescope,  and  a  the  orbits  of  the  most  eccentric  comets,  not 
power  of  600,  he  found  it  to  have  the  appear-  only  to  stars  reckoned  the  nearest  to  our 
ance  of  a  wedge-formed  star.  On  the  11th  globe,  but  to  those  of  the  third,  fourth,  and 
of  April,  1803,  he  examined  the  apparent  even  tenth  magnitudes,  which  may  be  sup- 
disc  with  a  power  of  2140,  and  ibund  it,  as  posed  many  hundreds  of  billions  of  miles  fiu- 
before,  a  little  distorted,  but  there  could  not  ther  distant ;  thus  rendering  it  highly  proba- 
be  nM>re  than  «bout  three-fourths  of  the  ap-  ble  that  it  is  a  fundamental  law  cX  matter,  and 
parent  diameter  of  the  small  star  wanting  to  extends  its  energies  throughout  the  amplitudes 
a  complete  occultation.  <*  Most  probably,"  of  creation,  combining  in  one  vast  system  all 
he  observes, "  the  path  of  the  motion  is  not  the  operations  of  the  Eternal. 
quite  central ;  if  so,  the  disc  will  remain  a  The  orMts  in  which  the  one  star  moves 
httte  distorted  during  the  whole  time  of  the  around  the  other  are  found  to  be  elliptical^ 
oonjunction."  This  phenomenon  evidently  which  is  the  same  kind  of  curve  in  which  the 
demonstrates  the  fact  of  circular  orbital  mo-  earth  and  the  other  planets  move  round  the 
tioUt  x>eTfbrmed  in  a  plane  nearly  parallel  to  sun,  in  which  the  satellites  of  Jupiter,  Saturn, 
our  tine  of  vision. .  and  Uranus  perform  their  revolutions  round 

The  star  Gamma  Virginia  has  presented  their  respective  primaries — another  proof  that 
phenomena  nearly  similar  to  that  of  jZeia  the  same  general  law  operates  in  both  cases. 
Heiculia.  This  star  is  remarkable  both  for  Some  of  those  orbital  motions  are  retrograde 
the  length  of  its  period,  the  rapid  ineccase  of  and  others  are  direct^  or  in  the  same  direction 
the  angular  motion  of  the  two  stars  of  which  as  the  motions  of  the  planets  of  our  system. 
it  is  composed,  and  particularly  the  great  In  some  cases  it  happens  that  the  edge  of  the 
diminution  of  their  apparent  distance.  It  orbit  of  the  revolving  star  is  presented  to  the 
has  been  known  as  a  double  star  for  at  least  earth,  or  in  a  line  nearly  parallel  to  that  of 
120  years.  The  two  stars  of  which  it  is  com-  our  vision,  as  is  found  in  the  star  it  Serpcn- 
posed,  and  which  are  nearly  equal,  were  so  tarii ;  in  which  case  the  star  appears  to  move 
far  apart  about  the  middle  of  the  last  century  in  a  straight  line,  and  to  oscillate  on  each 
that  they  were  marked  in  Mayer's  catalogue  side  of  the  larger  star  around  which  it  revolves, 
as  two  distinct  stars,  so  that  any  moderately  in  a  manner  simillar  to  that  of  the  satellites 
good  telescope  would  have  shown  their  sepa-  of  Jupiter,  which  appear  to  pass  from  the 
ration,  being  at  that  period  about  seven  se-  one  side  to  the  other  ^  tne  planet  in  nearly 
conds  distant  from  each  other.  Since  that  time  straight  lines,  because  tne  plane  of  their  orbits 
they  have  been  constantly  approaching,  and  in  is  nearly  in  a  line  with  our  eye.  At  the  time 
1833  were  scarcely  more  than  a  single  second  when  Sir  W.  Henichel  first  observed  this  hi 
asunder ;  so  that  a  common  telescope  was  nary  system,  the  two  stars  were  distinctly 
insuHiciintt  to  show  their  separation,  and  even  separate,  but  at  present  the  small  star  is  so 
telescopes  of  very  superior  power  could  show   completely  projected  on  the  other  that  evan 
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C'liuvc.  with  hia  ponMfiil  tetcKOpe,  cnnnot 
now  perceive  the  least  *epaiUion  belwcf  n  the 
two  bodies — a  fact  which  crideiitlj  iIpiddo- 
■tnlea  that  to  our  eye  the  one  poning  acrotg 
the  dtBc  of  the  other,  and  that  a  number  of 
years  hen<:e  it  nil!  appear  on  the  other  «de 
of  the  larger  Btat.  On  the  other  haiul,  the 
two  Kan  of  Zeta  Orionia  arc  now  leparated 
bv  a  onall  interval,  although  they  appeared  aa 
one  atar  in  the  time  of  Sit  W.  Herachol ;  all 


■  circular  or  eUiptica.1  orbit,  the  plane  of  vihieh 
liea  oblique  to  our  eje ;  and  it  has  been  calru- 
latod,  from  the  apparent  mobona  of  these 
bodies,  thai  the  etlipna  in  which  thoj  move 
ai«  in  general  more  elongated  than  the  orbit* 
of  the  solar  planets.  On  the  whote,  to  uae  the 
worda  of  Sir  John  Hcrschel,  "  we  have  the 
same  evidence  of  their  rotations  about  each 
other  that  we  have  of  those  of  Uranus  and 
Saturn  about  the  sun  \  and  the  correspondence 
between  their  calculateid  and  observed  places 
in  such  very  eloni^ted  ellipses  must  be  ad- 
mitted to  can;  with  it  proof  of  the  prevalence 
of  the  Newtonian  law  of  gravity  in  their  sys- 
tems, of  the  very  some  nature  snd  cogency  aa 
that  of  (he  calculated  and  observed  places  of 
comets  round  the  central  body  of  our  own." 

Having  staled  the  above  general  fads  re- 
specting trinary  slara,  I  shall  now  present 
lo  the  reader  a  few  telesciqiic  views  of  these 

Fig.  IS  representsatcleacofrictiew  of  £p- 
lilon  Bootis,  with  a  magnifying  power  of 
about  SOO  times.  This  is  reckoned  a  very 
beautilal  double  star  on  account  of  the  diHe- 
rent  colours  of  the  ctars  of  which  it  is  com- 
posed, and  has  an  appeannce  somewhat  simi- 
isr  to  a  planet  and  its  satellite,  both  shining 
with  inniite  but  differently  coburcd  hghu 
Tho  small  star  is  of  a  bluish  colour,  and  is 
Kjinnitcd  ftom  the  other  by  a  space  equal  lo 
till'  diameter  of  the  larger  star,  and  lis  appa- 
rent size  is  one-third  of  the  oilier.  It  is  some- 
timos  called  Mirae,  and  it  ia  situated  ahonl 
ten  degrees  north-east  of  Arclurui.  The 
huge  star  baa  a  rrddiih  tinge. 


about  the  middle  of  July,  at  iJim  o'ciucIe  it 
the  evening,  at  an  elevation  of  about  (iftj-*m 
degrees.  This  atar  is  also  distinguished  by 
the  name  Rat  Algtiki,  and  may  be  Been 
marked  in  Plate  IL,  which  contains  a  map 
of  Btara  which  are  seen  near  the  meridiin 
about  the  beginning  of  September. 

Fig.  IT  is  a  view  of  y  Andrmuedci  the 

small  star  ia  of  a  fine  gremisb-blue  colour, 

separate  from  the  large  star  about  lunc  sccoodi, 

or  foar  diameters  of  that  star ;  the  larger  siv 

is  of  a  lEddish  while.     It  is  situated  in  Iha 

left  foot  of  Andromeda,  and  ia  dlitinguidied 

by  the  name  Atmaatk.     k  is  a  star  of  tbr 

second  magnitude,  about  Ibrty-two  degrees  of 

north  declination,  and  paasea  the  meridian,  in 

till  beginning  of  December,  abont  half-paal 

ten   in  the  evenuig,  about  ten  degrees  seulh 

from  the  nnilh.     It  ia  about  twelve  degree* 

nearly  due  west  from  the  vsriaUe  star  .1^^ 

Fig.  ■  n      *^  laisZtfaCijg- 

Ig  I  B  ni:  the  smaller  ^ar  is 

I  I  Uue.andlhey aiew|»- 

I  I  rated  about  ten  diamc- 

I  I  (era.    This  star  ia  ait- 

I  I  Hated  in    the    eastcm 

I  B  wing  oi  the   Smn — 

19  I  I  right    aMxnsion.    !1> 

I  ■  4',  north   dedinatiai, 

twenty-eight  degrees,  and  ia  about  twenty 

degreea   aouth-east  of  Denib,   tho    phncipal 

star  of  this  consteltaliOD. 

Fig.  19  teptesenta  Zeta  Aquarii.  The 
two  stars  are  nearly  equal  in  apparent  magni- 
tude, and  one  diameter  and  a  half  sepaiala 
from  each  other ;  both  stars  are  of  a  whitidi 
colour.  It  is  in  the  middle  of  three  olbcr 
BlnrB,  which  together  tbrm  a  ^urc  rrsentUinf 
the  letter  Y.  lis  right  ascension  is  22"  SC, 
and  iu  sotilh  declination  about  two  degiees. 
It  is  a  star  of  about  the  third  maj^itude,  i 
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of  a  bluish  colour,  sep-  t 

arate  from   the   other  i 

two  diameters  of  the  , 
targe    alar;    the    blue 

iiie  of  the  other.  Ills 
situated  in  (lie  head  of 
Hercules,  about  thir^ 
degrees  south-weat  from 
the  blight  star  n  Lyra, 
and  ail  degrees  north- 
it  from  Koj  AOwg^et  a  star  of  nearly  the 
le  magnitude.     It  comes  to  tho  mendian 


evcninp  about  the  middle  of  October. 

Fig  ao  represents  the  Pole-alar,  'i  ne  ac- 
couipimying  star  is  a  very  loinl  point,  and  re> 
quires  an  acmrale  telescope  with  consideraUa 
power  to  dislinguiah  it  The  large  star  it 
white,  and  the  small  star  somewhat  of  a  rud- 
dy appearance,  and  is  distant  from  the  hrger 
seventeen  aeconds,  or  about  Ibreo  or  four  (d 


Fig.  31  is  the  doo- 
I  hie  alar  Ctutor.    The 

I  half  the  site  of  the 
I  larger,  and  they  sit 
I  distant  abont  five  kc- 
I  mds,  or  two  dismeicrs 
I  of  Iha  principal  Har. 
I  Tb<?  ant  both  of  a 
I  whitish  colour.    Their 
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on  Plate  L  Castor  and  Polhiz  lie  to  the 
Dwtfa-weat  of  Orion,  at  a  considerable  dis- 
tance from  it.  They  are  veiy  conspicuous, 
are  within  five  degrees  of  each  other,  and 
rise  to  a  very  high  elevation  when  passing  the 
meridian,  and  may  be  seen  throughout  the 
whole  winter  and  spring  months.  Castor  is 
the  more  elevated  of  the  two. 

Fig.  2Z  represents  Rigei,  a  splendid  star 
in  the  left  foot  of  Orion.  The  small  star  is  a 
mere  point,  and  veiy  difficult  to  be  distin- 
guished, and  is  throe  or  four  diameters  of  the 
Urge  star  from  it  The  large  star  is  white, 
the  small  one  of  a  reddish  hue. 

Fig.  23 
shows  the 
double  star 
Castor,  with 
a  magnifying 
power  of  300. 
It  likewise 
shows  the  an- 
gular position 
of  the  small 
star  at  the 
I'  present  time 
r  in  respect  to 
Polbtx,  (fig^,)  by  which  it  appears  that  it 
B  pearly  at  a  right  angle  to  a  line  joining 
Castor  and  Pollux,  whereas  in  the  time  of 
0r.  Bradley  it  was  parallel  with  a  line  joining 
these  two  stars. 

Fig.  25, 26, 
27,   and   28, 
exhibit  views 
^^^^^^^^^^^^      of  the  double 
36  ^^^^^^^E^^^H  ^star  EpHlon 
^^^^^^^^^^^^  ?Bootis,  with 
27  ^^^K^^^E^^^H  ff.four    magni- 
fying powers. 

appearance 
with  a  power 
flf  227;  &g.  26,  with  a  power  of  460;  fig. 
27,  with  a  power  of  900 ;  and  fig.  26,  with  a 
power  of  1100. 

Fig.  29, 30, 
and  31,  repre- 
sent telescopic 
views  of  the 
|I  triple  star  in 
3  the  left  fore- 
8  foot  of  the 
§  constellation 
MonoceroSf  or 
the  Unicom, 
which  forms  a 
very  beautiful 
akjeet  in  this  class  of  stars.  Tins  star  ap- 
peared at  first  double,  but  with  some  atten- 
tion, one  of  the  two  is  discovered  to  be  also 
double ;  the  first  of  them  is  the  largest   The 
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colour  of  these  stars  is  white.  With  a  small 
power  they  appear  as  in  fig.  29 ;  with  a  power 
of  220,  as  in  fig.  30 ;  and  widi  a  power  of 
450,  as  in  fig.  31.  There  is  a  beautiful  object 
of  this  description,  but  somewhat  difibrent  in 
the  configuration  of  the  three  stars  of  which 
it  is  composed,  to  be  seen  in  the  tail  of  the 
Great  Bear ;  it  is  the  star  Zeta  Urse,  called 
also  Mizar,  and  is  the  middle  star  in  iixo  tait 
Such  are  a  few  specimens  of  the  telescopic 
appearances  of  this  class  of  celestial  objects. 
Some  of  these  objects,  in  order  to  be  distinct- 
ly seen,  require  telescopes  of  considerable 
magnifying  power.  All  the  objects,  however, 
referred  to  above  may  be  seen  with  a  good 
three  feet  and  a  half  achromatic  telescope, 
whose  object  glass  is  two  inches  and  three 
quarters  aperture.  Tho  double  star  Castor 
may  be  seen  with  powers  of  80, 140,  and  180. 
I  have  frequently  distinguished  the  separation 
of  the  two  stars  with  a  terrestrial  power  of  only 
45 ;  but  the  higher  powers  of  course  are  much 
preferable.  In  order  to  perceive  the  very  small 
star  or  point  of  light  adjacent  to  the  pole-star, 
a  power  of  140  at  least  is  requisite  with  such 
a  telescope ;  but  it  is  more  distinctly  seen  with 
a  power  of  190  or  200.  It  is  considered  as 
a  fiiir  test  of  the  goodness  of  a  telescope  of 
this  description  when  this  minute  object  is  per- 
ceptible with  such  powers.  The  small  star 
connected  with  Epsihn  fiootis  is  likewise  an 
object  which  requires  a  considerable  degree 
of  magnifying  power  and  distinctness  to  per- 
ceive the  separation  of  the  two  stars ;  and  it 
is  more  difiicult  to  perceive  the  small  star  ad* 
jacent  to  Rigtl  than  any  of  these  objects 


In  the  phenomena  I  have  now  described, 
we  have  a  new  and  interesting  scene  pre- 
sented before  un,  which  leads  the  mind  into 
a  train  of  thought  very  different  fi*om  what 
could  have  been  conceived  by  astronomers  of 
a  former  age.  To  some  minds,  not  accustomed 
to  deep  reflection,  it  may  appear  a  very  trivial 
fact  to  behold  a  small  and  tcarcely  distinguish- 
able point  of  light  immediately  adjacent  to  a 
larger  star,  and  to  be  informed  that  this  lucid 
point  revolves  around  its  larger  attendant ; 
but  this  phenomenon,  minut%»and  trivial  as  it 
may  at  first  sight  appear,  proclaims  the  as- 
tonishing fact,  that  SUNS  hevqlte  aroitxo 

SUITS,  AND  STSTEMS  AROUHD  SYSTEMS.    Tllls 

is  a  comparatively  new  idea,  derived  from  our 
late  sidereal  investigations,  and  forms  one  of 
the  most  sublime  conceptions  which  the  mo- 
dem discoveries  of  astronomy  have  imparted. 
It  undoubtedly  conveys  a  very  sublime  .idea, 
to  contemplate  such  a  globe  as  the  planet  Ju- 
piter-—a  body  thirteen  hundred  times  largi^r 
than  the  earth — ^revolving  around  the  sun,  at 
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tlw  rate  of  twenty -ntne  tlianMnd  milei  creiy  the  ane-faiindielfa  put  of  what  is  reckoMtf 

hour;  and  the  planet  Saturn,  with  ita  linga  the  dwlancy  (namel)-,  twenty  billioos)  of  the 

and  moons  rerolTing  ma  similar  manner  round  nearest  star.    On  this  supposition,  the  di»> 

this  central  orb  in  an  orbit  of  fiTe  thousand,  tanoe  of  the  revolving  star  from  its  primoj 

six  hundred  and  ninety  millions  of  miles  in  would  he  200,000,000,000,  or  two  bandied 

drcomference.    But  how  mudi  more  august  thousand  millions  of  miles.    The  ciiciimfer- 

and  overpowering  the  conception  of  a  sun  enee  of  its  orbit  would  therefore  be  1^^,- 

levolving  around  another  sun— of  a  sun  en-  640,000,000  of  miles.    The  small  star  of  f 

circled  with  a  retinue  of  huge  planetary  bodies,  Uzse  completes  its  revcdution  in  fifty-oight 

all  in  rapid  motion,  revolving  round  a  distant  yeaxs,  and  consequently,  if  at  the  distance 

sun,  over  adicumierenoe  ahundied  times  larger  now  supposed  from  its  primary,  must  move  at 

than  what  has  been  now  stated,  and  with  a  the  rate  of  two  millions  four  hundred  and 

velocity  perhaps  a  hundred  times  greater  than  seventy-one  thousand  miles  every  hour,  which 

that  of  either  Jupiter  or  Saturn,  and  carrying  is  eighty-five  times  the  velocity  of  the  plaaet 

all  its  pknets,   satellites,  comets,  or  other  Jupiter,  and  more  than  twenty-three  times  the 

globes  along  with  it  in  its  swift  career!   Such  velocity  of  Mercury  in  its  orbit,  which  is  the 

a  sun,  too,  may  as  fiur  exceed  these  planets  in  svriftest  moving  planet  in  our  system.    This 

size  as  our  sun  transcends  in  magnitude  either  motion  would  be  still  more  swift  in  the  csk 

this  earth  or  the  planet  Venus,  the  bulk  of  of  some  of  the  other  stars  to  which  we  ha?e 

any  one  of  which  scarcely  amounts  to  the  alluded.    The  small  star  of  6  EridgrUy  as 

thuleen-hundred-thousandth  part  of  the  solar  determined  by  Mr.  Dunlop,  revolves  around 

orb  which  enlightens  our  day.     The  further  the  larger  at  the  rate  of  somewhat  more  than 

we  advance  in  our  explorations  of  the  distant  ten  and  a  half  degrees  per  annum,  and  conse- 

regions  of  space,  and  the  more  minute  and  quently  accomplishes  a  revolution  in  little 

specific  our  investigations  are,  the  more  august  more  than  thirty  years.    Its  motion,  then,  at 

and  astonishing  are  the  scenes  which  open  to  the  distance  supposed,  would  be  equal  to  four 

our  view,  and  the  more  elevated  do  our  concep-  miUions  seven  hundred  thousand  miles  an 

tions  become  of  the  grandeur  of  that  Almighty  hour,  which  is  162  times  the  velocity  of  Ja- 

Being  who  **  marshalled  all  the  starry  hosts,*'  piter,  and  about  forty-four  times  that  of  MeN 

and  of  the  multiplicity  and  variety  of  arrange-  cury.     Even  the  small  star  of  y  Leonia,  which 

ments  he  has  mtroduced  into  his  vast  crea-  takes  1200  years  to  accomplish  is  revolutioo, 

tion.     And  this  consideration  ought  to  serve  would,  on  the  same  supposition,  move  at  the 

as  ail  argument  to  every  rational  being,  both  rate  of  119,000  miles  an  hour,  which  is  a 

in  a  scientific  and  a  religious  point  of  view,  greater  velocity   tlian  that  of  the  swiftest 

to  stimulate  him  to  a  study  of  the  operations  planets  of  our  system.     These  arc  immense 

of  the   Most  High,  who  is   '<  wonderful  in  velocities,  especially  when  we  consider  the 

counsel  and  excellent  in  working,"  and  whose  enormous  size  of  the  bodies  thus  impelled ;  for 

works  in  cveiy  part  of  his  dominions  adum-  the  least  of  these  suns  may  be  considered  as 

brate  the  glory  of  his  perfections,  and  proclaim  ten  miliums  of  times  larger  than  the  planet 

the  depths  of  his  wisdom  and  the  greatness  of  Morcury,  yet  moving  with  a  velocity  so  much 

his  power,  superior. 

In  order  to  form  a  comprehensive  concep-        What,  then,  would  be  the  velocities  of  such 

tion  and  a  proper  estimate   of  such  binaiy  bodies  were  we  to  suppose  them  as  ht  distant 

systems,  we  have  to  consider,  in  the  first  place,  fix>m  eadi  other  as  we  are  from  the  nearest 

the  distances  of  the  stars  or  suiu  from  each  star !     In  the  case  of  JCi  Ursie,  the  vclod^ 

other.    These  distances,  in  the  mean  time,  would  be  two  hundred  and  forty-seven  mil:- 

cannot  be  accurately  ascertained  till  sOtnething  lions,  one  hundred  and  sixty  thousand  mUes 

more  definite  be  determined  respecting  the  every  hour,  and  four  millions,  one  hundred 

parallaxes  of  these  bodies.     Some  have  sup-  and  fifty  thousand  every  minute ;  and  in  the 

posed  that  the  dutance  between  some  of  these  case  of  6  Eridanif  the  velocity  would  be  477,- 

binary  stars  mtly  be  as  great  as  the  distance  800,000  miles  an  hour,  and  132,735  in  asf> 

between  the  earth  and  any  of  these  stars,  candt  which  is  more  than  sixteen,  thousand 

But  such  a  supposition  is  highly  improbable,  times  the  velocity  of  Jupiter.    That  bodies 

if  we  admit,  what  is  now  completely  ascer-  may  move  with  such  velocity  >  perhaps  not 

tained,  that  these  bodies  are  intimately  con-  impossible,  but  it  is  highly  improbable  that 

nected  by  the  law  of  gravitation.    Their  dis-  such   rapid   motions    actually  exist    among 

tanco,  however,  must  be  very  great,  notwith-  bodies  of  such  astonishing  magnitudes;  and 

standing  their  apparent  nearness    to    each  therefore  we  must  suppose  that  the  binaiy 

other,  as  a  few  seconds  of  interval,  at  the  dis-  stars  are  within  a  moderate  distance  of  each 

tance  of  the  nearest  star,  must  comprise  an  other.     Still,  that  distance  must  be  very  ooo- 

immensc  space.     I  shall  suppose  this  distance  siderable,  and  it  is  not  miUkely  may  be  « 

in  the  case  of  some  of  these  bodies  to  be  only  great  as  I  have  supposed,  and  if  so,  it  pre«niB 
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to  oar  Tiew  motioiifl  more  rapid  and  sublinie  tion;  another,  629  years;  and  another,  452 ; 

than  any  whidi  are  known  to  exist  within  the  while  several  others  finish  their  cutniits  in  the 

fimiti  of  our  planetary  system.  comparatively  short  periods  of  55,  43,  and 

In  the  next  place,  we  most  consider  the  even  30  years.    Whether  these  diversities  ui 

tytUm  ofplantta  connected  with  the  hinaiy  the  periods  of  revolution  be  owing  to  the  dif> 

stsn.    These  stazs  are  evidently  suns  or  self-  ferent  magnitudes  of  the  respective  bodies, 

huninous  bodies,  otlierwiBe  their  light  would  their  distances  from  each  other,  the  amplitudes 

neter  reach  our  distant  sphere.    But  we  can  of  the  orbits  in  which  they  move,  or  the  com- 

oever  admit  that  suns  were  created  merely  to  parative  velocities  with  which  they  are  carried 

diffiise  a  useless  splendour  over  the  waste  forward  in  their  career,  w^  have  as  yet  been 

spaces  of  infinity,  where  there  are  no  sentient  unable  to  determine;  and  a  long-continued 

beings  with  visual  organs  to  be  cheered  with  series  of  the  most  delicate  and  minute  inves- 

tHeir  radiance.    In  this  case  they  might  be  tigation  is  still  requisite  before  such  points 

Slid  to  be  created  in  vain.    Hence  we  must  can  be  ascertained  with  any  degree  of  preci- 

occessarily  conclude   that    these    suns    are  sion.    But  such  striking  differences  in  their 

attended  with  a  retinue  of  planetary  bodies,  periodic  revolutions  evidently  indicate  that  the 

jrUch  revolve  around  them  as  the  centres  of  chamcteristic  of  variety  is  impressed  upon  all 

fight  and  attractive  influence,  and  we  can  the  arrangements  connected  with  those  distant 

scarcely  conceive  a  more  sublime  and  astonish-  systems;  which   leads  us  to  conclude  that 

ing  ol^ect  than  that  of  magnificent  suns  re-  there  is  no  system  of  suns  or  worlds  in  the 

volving  around  still  more  magnificent  and  lu-  universe  exactly  resembling  another,  although 

minous  centres,  and  conveying  along  with  they  may  be  all  subject  to  the  operation  of 

Ifaem  in  their  swift  career  a  numerous  train  the    same    general  and  fundamental   laws. 

of  mighty  worlds,  all  in  regular  and  rapid  From  such  circumstances  we  are  likewise  led 

motion  around  their  respective  orbs.     In  such  to  infer  that  among  bodies  in  the  more  dis- 

sublime  sidereal  arrangements  we  behold  a  tant  regrions  of  creation  there  may  be  motions 

oombinatioa  of  motions  and  efiects  of  gravita-  and  arrangements  altogether  different  fit>m 

tion  which  are  not  to  be  traced  throughout  any  thing  we  yet  know,  which  produce  scenes 

any  part  of  the  system  to  which  we  belong,  of  beauty,  sublimity,  and  grandeur,  far  sur^ 

For  while  the  planets  which  perform  their  passing  what  the  mind  of  man  can  yet  con- 

fevolutions   around  the  revolving   sun,  are  ceive. 

afiected  by  the  power  of  attraction  from  that       In  re^^ard  to  the  number  of  such  binary 

body,  with  which  they  are  more  immediately  systems,  no  precise  estimate  has  yet  been 

connected,  they  must  likewise  be  attracted  by  made.     We  have,  however,  every  reason  to 

the  larger  central  sun,  and  their  motions  believe  that  their  number  is  very  great.    I 

sometimes   retarded,  sometimes  accelerated,  have  already  stated  that  about  6000  double 

and  variously  modified,  by  its  powerful  influ-  stars  have  been  detected  by  M.  Strove,  the 

enoe,  which  combined  influences  must  pro-  two  Herschels,  Mr.  Dunlop,  and  Sir  Jamea 

dace  a  diveruty  of  phenomena  and  effects  South.     On  the  doctrine  of  chances,  it  is  in 

unknown  in  the  system  of  our  sun.     For  the  the  highest  degree  improbable  that  the  greater 

sake  of  some  readers,  not  accustomed  to  such  part,  or  even  any  considerable  number  of 

views  and  contemplations,  I  have  given  a  rude  these  bodies,  appear  double  by  their  accidental 

sketch  of  a  binary  system  in  fig.  32,  in  which  proximity,  or  being  so  plaiced  one  behind 

the  central  circles  represent  the  larger  sun  another  as  to  be  nearly  in  the  same  line  of 

with  its  attendant  planets,  and  the  other  cir-  vision.     We  may  therefore  conclude  that  at 

des  the  revolving  sun  and  its  planets,  in  four  least  4000  of  these  stars  are  binary  systems 

diftrent  positions.  connected  by  die  law  of  mutual  gravitation. 

Again,  in  contempla^g  these  binary  sys-  Between  forty  and  fifty  of  these  bodies  have 
terns,  we  perceive  a  great  diversity  in  the  been  ascertained  beyond  doubt  to  form  re- 
periods  of  their  revolutions.  The  period  of  volving  systems,  and  time  must  be  allowed 
revoiution  of  the  small  star  of  i  Bootes  is  cal-  for  further  investigations.  ^  is  but  lately 
cnlated  to  be  not  leas  than  1600  years.  An  that  the  attention  of  astronomers  has  been 
iahabttant  of  that  system  would  be  consider-  directed  to  such  observations;  and  on  ac- 
ed  by  OB  an  old  residenter  were  he  to  survive  count  of  the  very  minute  distances  of  the 
the  period  of  a  year,  or  a  single  revolution,  revolving  stars  from  each  other,  and  the  slight 
But  in  such  systems  it  is  not  likely  that  the  variation  of  the  angle  of  position  which  can 
lapee  of  duration  is  marked  by  so  short  pe-  be  traced  for  a  series  of  years,  an  age  or  two 
rioda  as  in  our  own  sublunary  abode,  nor  is  is  requisite  in  order  to  determine  with  pred- 
it  probable  that  disease  and  death  cut  short  sion  the  degree  or  progress  of  their  revohi- 
tfae  existence  of  its  inhabitants,  as  in  the  tionary  movements.  Some  of  their  orbits, 
wurid  in  which  we  dwell.  Another  of  these  too,  may  be  so  extensive,  or  their  motions  so 
sons  takes  1300  years  to  complete  a  revolu-  comparatively  slow,  that  several  thousands  at 
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jican  may  eltpK  before  the  [H'rioda  of  aonte  ceived  tn  uaaginatioD,  vhat  Tiriety  of  iEuiii 
of  thete  bodiei  be  complctiil ;  anil  if  x),  we  nation  (uw  tuiu,  ■  red  and  ■  green,  w  ■ 
have  no  reuon  to  concluiie  that  they  are  nol  yellow  and  >  biw  oat.  must  affijrd  a  pliBel 
binarr  ayatcma,  allhough  half  a  centuiy  circulating  about  eitbrr ;  and  what  cbuDiing 
ahould  elapM  without  any  change  being  per-  eoittrasti  and  'grolefdl  vidaabaM — i  nd 
ccived  In  their  angular  poaitioni.  In  the  and  a  green  day.for  inatancc,  allcniatuigKitii 
cotUH  of  fifty  or  liity  yean  bence,  wc  have  a  nhito  odg  and  with  darknew — migfal  iHm 
reason  to  bchera  many  important  diacoveiie*  from  the  pretence  or  absence  rfime  oiollwr, 
will  be  made  in  reftrence  to  the  bodies  in  or  both,  abore  tbe  horiion.  Iniulated  itiii 
queMioo,  and  what .  is  at  present  doubtfiil  or  of  a  red  cohjur,  almost  a>  deep  M  tint  of 
obacuie  will  be  rendered  definite  and  pretdse.  blood,  occur  in  many  parts  of  the  tuaFm^ 
In  [ho  mean  lime,  we  may  salciy  taiiB  fiii  but  no  giMn  orblue  stsi  (of  anjdecidedhnr) 
granted  that  several  Ihousands  of  those  re-  has,  webelieve.everbetrnnotieedunaatadalni 
volving  BUns  and  systems  lie  within  the  range  with  a  companion  brighter  than  itsel£" 
of  onr  lelcacopcB,  whose  revolutions  will  ere  The  fart  of  ealourtd  tuns,  of  mint  belong. 
long  be  detennined.  But  aa  our  most  power-  ing  to  the  same  system  diSumng  Ugbt  of  of- 
fill  inBtruments  can  carry  us  only  a  vcTy  poaite  or  contrasted  colours,  presents  a  aen\ 
nnall  way,  comparatively,  beyond  the  out-  and  interesting  idea,  and  a  splendid  UMit,  is 
ward  boundaries  of  those  mighty  heavens  which  a  lively  imagination  may  luiuiitt: 
which  surround  us,  ten  thousands  of  such  sys-  while  depicting  the  diversily  of  aspeclf  nudn 
tems  may  eiiit  in  those  remoter  regiona,  which  objects  will  appear  in  those  worldi 
which  will  for  ever  remain  uiclplorable  by  which  are  alternately  iHuminated  by  ni^  ■ 
mortals.  variety  of  irradiation.     It  is  somewhat  difr 

There  is  another  interesting  view  which  cult,  however,  to  Ibrm  a  distinct  conceptim 
may  be  taken  of  these  binary  systems,  and  of  the  particular  beauties,  niblimiliFs,  did 
that  ie — the  amlrail  of  colaurt  nikith  tomt  contrasts,  which  will  be  produced  by  juchnl- 
of  ris  »ror»  compoiine  (Awe  eyttcmt  exhibit,  mirable  arrangemenls.  We  are  unitqusiDisI 
I  have  slresdy  alluded  to  some  of  these  stars  with  the  nature  and  qualities  of  tlie  snbsttneei 
being  of  different  colours,  and  any  observer  which  are  thus  illuminated,  and  therefoR 
who  is  posaeased  of  a  good  telescope  may  cannot  determine  the  pecaliar  hues  or  ipien- 
easily  ttXMj  himself  on  this  pomt.  "  Many  door  which  will  result  from  the  reflection  of 
of  the  double  stars,"  says  Sir  J.  Herschel,  such  irradiations ;  hut  wo  may  essily  conotiw 
"exhibit  the  beautiful  and  curious  phenomena  then  will  be  a  conoderable  diHerence  in  ibe 
of  contraaled  or  complementary  colours.  In  variety  and  splendour  of  such  iUaminatioiis, 
such  instancea,  the  forger  star  is  usually  ofa  and  in  tbe  contrast  of  colours  which  will  bs 
rocldy  or  orange  hue,  while  the  smaller  one  eihibited  when  the  revolving  (Janets  nt  in 
appears  blue  or  green  ;  probably  in  virtue  of  differrnt  parts  of  their  orbits.  When  in  udi 
that  general  low  of  optics  which  provides  that  positions  as  A,  B,  C,  D,  (fig.  33,)  Ibej  siU 
when  the  retina  is  under  the  infiuence  of  ex-  be  more  direct^  under  the  infioence  of  botb 
dtemcnt  by  any  bright-coloured  Ughl,  feebler  ,-     -_ 

lights,  when  seen  alone  would  produce  no  sen-  '**' 

■ation  but  of  whiteness,  shall  foretime  appear 
cotoured  with  the  tint  com|dementary  to  that 
of  the  brighter.  Thus  a  yellow  colour  pro- 
dominating  in  the  light  of  the  brighter  star, 
that  of  the  less  bright  one  iu  the  same  field 
of  view  will  appear  blue ;  while  if  the  tint  of 
the  brighter  star  verge  to  crimson,  that  of  dio 
other  will  eihibit  a  tendency  to  green.  Or  even 
appear  as  a  vivid  green  under  bvourable  cir- 
cumstance*. The  former  contrast  ia  beauti- 
fijlly  ejhibited  by  lata  Carteri,  the  latter  by 
Gamma  Andromcds,  both  fine  doable  stars. 
If,  however,  thn  coloured  star  be  much  the 
less  briglit  of  the  two,  it  will  not  materially 
•fleet  Uie  other.  Thus,  for  instance,  Eta  Cas- 
tiopciM  exhibits  the  beautifiU  comtNnation  of 
a  largo  white  star  and  a  small  one  of  a  rich 
ruddy  purple.  It  is  by  no  means,  however, 
bilended  to  say  that  in  alt  such  case*  one  of 
ll«  colours  is  a  mere  eSect  o(  contrast ;  a 
U  Jkay  be  eaner  suggested  b  words  than  ci 
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be  most  remarkable.     One  hemisphere  of  a   systems  of  worlds,  in  which  the  scenery  and 
planet  may  be  illuminated  with  a  yellow  sun,   arrangements  are  exactly  the  same,  but  that 
wikile  the  other  is  at  the  same  time  enlight-   each  would  display  its  own  |ieculiar  harmo* 
ened  by  a  green,  and  both  suns  may»occasion-   nies,  beauties,  and  sublimities,  and  the  cnrap* 
ally  shine  in  the  same  iKonispherc,  producing   tured  spectator,  at  etery  stage  of  his  excur- 
soch  a  blending  of  hues,  and  a  contrast  of    sion,  would  behold  a  new  manifestation  of 
colaiiring  over  the  whole  landscape,  as  to  ren-   *<  the  manifold  wisdom  of  God.'* 
der  the  aspect  of  the  scene  completely  diflfe-       It  would  be  an  important  and  interesting 
rent  at  one  time  irom  what  it  is  at  another,   acquisition  in  astronomy  could  we  determine 
In    di^rent  parts  of  the   planets'   courses   exactly,  or  even  to  a  near  approximation,  the 
around  their  primary  suns  these  efiS;cts  will  be   distances  of  any  of  these  binary  systems,  and 
▼ariously  modified,  so  as  to  produce  an  almost   the  aetuai  difnensions  of  the  orbits  of  the  re- 
perpetual  variety  in  the  scenery  of  such  worlds,   volving  stars.     It  appears  from  what  has  been 
A  sun  of  a  brilliant  white  colour  may  perhaps   formerly  stated,  (pp.  37, 38,)  that  the  paral- 
be  seen  rising,  while  a  sun  of  a  ruby  hue  is   lax,  and    consequently  the   distance,  of  61 
descending  below  the  horizon,  and  when  both    Ci/gni  has  been  determined  by  Professor  Bes- 
sanB  aie  absent,  the  starry  firmament  will  ap-   sel.     Now  this  is  a  double   star,  or  binary 
pear  in  all  its  splendour,  and  every  object   system,  and  one  of  the  stars  is  found  to  have 
around  present  a  contrast  to  its  previous  ap-   an  annual  angular  motion  of  about  two-thirds 
pearancc.  of  a  degree ;  tmm  which  it  is  inferred  that 

The  science  of  optics,  and  particularly  the  the  period  of  its  revolution  may  be  al)out  540 
experiments  which  have  been  made  on  polar-  years,  and  that  the  semi-major  axis  of  its  or- 
ized  light,  shew  us  what  a  variety  of  combi-  bit  is  seen  under  an  angle  of  more  than  15^^ 
nadons  of  vivid  and  beautiful  colours  may  Were  these  and  other  correlative  points  accu- 
be. produced  by  certain  modifications  of  light,  rately  settled,  wo  might  soon  ietermiiic  to  a 
which  may  easily  lead  us  to  conceive  of  the  near  approximation  the  extent  of  its  orbit,  the 
sublime  and  diversified  brilliancy  of  colouring  space  through  which  it  moves  in  the  course 
which  must  be  the  result  of  the  irradiation  of  of  a  revolution,  and  consequently  its  rate  of 
sons  of  different  hues.  The  light  of  the  stars  velocity ;  but  as  the  motion  of  revolution  of 
in  general  is  greatly  diversified,  although  on  this  star  is  so  extremely  slow,  a  considera- 
a  cunoiy  view  of  the  firmament  they  appear  ble  period  of  years  may  elapse  till  all  the  ele- 
nearly  of  the  same  aspect.  The  rays  of  Sirius,  mcnts  of  its  orbit  bo  accurately  ascertained. 
for  example,  are  not  only  strikingly  different  A  few  years  ago,  a  method  was  pointed  out 
from  those  of  Aldebaran,  but  from  those  of  by  M.  Savory,  a  French  astronomer,  by  which 
many  other  stars  which  seem  to  liear  a  nearer  the  dimensions  of  the  orbit  of  a  revolving  star 
reecmblance.  In  tropical  climates,  where  the  might  bo  determined.  This  method  depends 
sky  is  clearer  than  with  us,  and  almost  of  a  upon  the  fact  that  light  moves  with  a  certain 
dark  ebony  colour,  the  dififerent  hues  of  the  known  rate  of  velocity.  Suppose  that  one  of 
sitars  are  more  striking  and  perceptible  to  the  the  double  stars  moves  round  another  in  an  orbit 
naked  eye  than  when  seen  through  our  com-  which  ia  nearly  parallel  to  our  line  of  viision, 
parathrely  hazy  atmosphere.  In  this  respect  it  is  evident  that  the  one  half  of  its  orbit  will 
then,  as  well  as  in  several  others,  the  declara-  be  nearer  to  us  than  the  other,  and  that  at  the 
tion  of  the  inspired  writer  is  literally  true,  most  distant  point  of  its  course  the  star  will 
that  **  one  star  difiereth  from  another  star  in  be  removed  fit>m  us  to  a  distance  equal,  or 
gfeiy.**  Milton,  in  the  eighth  book  of  his  nearly  equal,  to  the  whole  diameter  of  its  orbit 
**  Paradise  Lost,**  utters  a  sentiment  on  this  further  than  when  at  the  point  which  is  nearest 
subject  which  seems  to  be  almost  prophetic,  the  earth.  As  the  light  which  proceeds  from 
when  he  represents  Raphael  in  his  address  to  the  star  takes  a  certain  time  in  moving  across 
Ad;un  as  saying —  the   interval  which  separates  us  irom  that 

u/wk^.  -'  -  »>.«..«.  IxxJy  before  it  reach  our  eye,  we  must  necea* 
"  other  sans,  perhaps,  .f  *i     ^     •  •  /   *  •*        u'^  j'r 

With  tholr  attendant  rooons  thou  wilt  descry.  «an'y  »««  the  star  m  a  pomt  of  its  orbit  dif- 

CinmmuniMtiug'  nmU  and  female  liffhu  fcrent  from  that  in  which  it  is  actually  placed. 

Whch two  great  8exe»  animate  tfie  world,  l^^  ^  /g     33)  ^present  the  central  star,  E 

mored  in  each  orb,  perhaps,  with  some  that  live.'*  ,,         _i,*     irrnv-^tx.        u-,*  ^  *u 

the  earth,  and  H  F  K  G  ihe  wbit  of  the  re- 
in these  phenomena  we  have  another  proof  volving  star.  When  the  star  is  at  H,  it  is 
of  the  infinite  variety  which  the  Creator  has  nearest  the  earth ;  and  when  at  K,  it  is  farther 
introduced  into  the  systems  of  the  universe —  distant  by  the  whole  diameter  of  its  orbit 
a  variety  in  regard  to  colour  as  well  as  to  Now,  when  the  star  proceeds  firom  H,  the 
magnitude,  motion  and  other  arrangements,-^  nearest  point  of  its  orbit,  its  light  will  take  a 
which  leads  us  to  conclude  that  although  we  longer  period  to  reach  the  earth  in  proportion 
were  permitted  to  make  the  tour  of  universal  as  it  moves  on  in  its  course  from  Hio  G  and 
nature,  we  should  meet  with  no  worlds,  or  from  G  t^  JT,  and  consequently  will  appear 
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to  take  a  longer  time  than  in  reality  it  does  in  that  have  been    determined  in  regard    tc 

moving  along  that  portion  of  its  orbit ;  but  in  double  stars  extend  to  several  hundreds  of 

returning  through  the  other  half  of  its  orbit,  years,  and  the  shortest  period  yet  known  of 

12  i^  if,  it  will  appear  to  pass  through  it  in  a  any  of  these  revolving  bodies  is  above  thirty 

less  flpace  of  time  than  it  actually  does,  since  years.    It  is  generally  taken  for  granted,  by 

the  light  which  proceeds  from  it  takes  less  those  who  have  adverted  to  this  subject,  that 

and  less  time  to  reach  our  eye  as  it  approaches  the  distance  between  the  revolving  and  the 

in  its  coarse  towards  F  and  H.    If,  therefore,  central  star  is  as  great,  or  nearly  as  great,  a« 

we  could  accurately  detennine  the  diflbrenoe  that  which  intervenes  between  us  and  the 

of  time  between  these  two  half  revolutions  of  nearest  star ;  and  hence,  in  their  illustratioiu 

the  star,  we  should  have  cUUa  sufficient  for  of  this  point,  they  have  supposed  light  to  take 

determining,  to  a  near  qiproximation,  the  di-  at  least  one  year  in  crossing  the  orbit  of  a  re* 

mensions  of  the  orbit  in  miles,  or  other  known  volving  star,  which  of  course  would  make  the 

measures ;  and  having  found  these  dimensions,  diameter  of  sudi  an  o^bit  above  six  bilUctu 

the  distance  of  the  star  from  the  earth  could  of  miles.    But  there  appears  no  reason  for 

likewise  be  found  by  an  easy  trigonometrical  forming  such  extravagant  suppositions,  as  in 

calculaticm.  such  a  case  the  binaiy  stars  could  scarcely  be 

This  method  of  supposed  to  have  any  intimate  connexion, 
finding  the  di«  We  might  almost  as  soon  suppose  that  the 
mensions  of  bi-  star  Sirius  might  revolve  around  our  son,  or 
nary  systems  is  the  sun  around  Sirius.  It  is  not  likely  that 
entitled  to  the  the  double  stars  in  general  are  much  fhithcr 
praise  of  ingenu-  from  each  other  than  the  distance  I  formerlr 
ity;  but  it  will  be  supposed, — namely,  200,000,000,000,  and 
I Q.  difficult,  in  many  consequently  the  diameter  of  their  orbits  aboot 
instances,  to  put  400,000,000,000  of  miles.^ — Through  this 
it  in  practice.  Its  space  lig^t  would  pass  in  the  course  of  24  days 
accuracy  will  de-  and  2)  hours ;  and  therefore  it  would  require 
pend  upon  our  very  accurate  detexminations  indeed  of  the 
knowing  ibepoai"  points  H  and  K,  or  the  nearest  and  remotest 
tion  of  the  orbit  points  of  the  orbits,  before  any  predse 
with  regard  to  our  conclusions  could  be  deduced^  if  the  stars  be 
eye,andoura8oer-  not  farther  distant  than  I  have  supposed,  and 
taining  exactly  it  is  perhaps  as  probable  that  they  are  con- 
when  the  star  is  sideiably  within  that  distance.  It  is  not  im- 
m  /for  at  JT,  or  probable,  however,  that  the  dimensions  of  the 
the  two  oppodte  orbits  of  some  of  those  stars  whose  periods  an 
points  of  its  orbit  Besides,  a  very  long  time  shortest  may  in  this  way  be  determined ;  but 
must  mtervene  before  observations  of  this  kind  a  considerable  period  must  elapse  before  the 
can  be  completed,  sbce  most  of  the  periods  requisite  opoiations  can  be  made. 
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CHAPTER  IX. 

On  Treble^  QuadrupUj  and  MuUipk  Stan. 

• 

Bbsisbs  the  combinations  of  doable  stars  the  more  do  w©  discover  of  the  endlessly  di- 
described  in  the  preceding  chapter,  treble,  versified  modes  by  which  the  system  of  uni- 
quadruple  and  multiple  stors  have  been  dis-  vejnsal  nature  is  arranged  and  conducted,  and 
covered,  many  of  which  appear  to  be  ulti-  the  more  cleari^  do  we  perceive  a  display  of 
mately  connected,  and  to  be  formed  into  regular  the  infinite  wisdom  and  intelligence  of  its 
systems,  whose  motions  and  phenomena  must  ahnighty  Author.  Who  could  have  pro- 
of course  be  more  diversified  and  complicated  viously  conceived  of  one  sun  and  system  re- 
than  those  of  binary  systems.  Without  en-  volving  round  another,  had  not  recent  obwr- 
tering  into  particular  discussions  on  this  sub-  vations  demonstrated  the  astonishing  fart  1 
ject,  I  shall  present  to  the  reader  only  two  or  As  one  discovery  naturally  leads  to  another, 
tiiree  general  remarks,  with  a  short  list  of  so  the  focts  which  have  already  been  ascex^ 
some  of  the  treble  and  multiple  stars  to  which  tamed  may  lead  to  discoyeries  in  future  gene- 
I  allude.  rations  still  more  wonderful  and  sublime  than 

The  more  profound  and  minute  our  inves-  those  which  have  hitherto  been  brought  to 

•igations  are  into  the  scenery  of  the  heavens,  light    The  discovery  of  binary  systems  leadi 
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to  the  nncluautn  that  almost  all  the  close 
(TcnpB.  or  cluKtering  gtan,  viaibla  to  the  naked 
eye  or  deocried  b;  teleBcopea^  are  multiple 
■jitems,  or  man  and  planetarf  woilds  linked 
togrtber  by  a  nniierul  law  or  principle,  act- 
in;  in  diflerent  modes,  and  producing  an  im- 
menae  variety  of  phyaicsl  phenomena  and 
eflcct*.  Gutiiod  by  priociples  uul  facts  re- 
cently bnMight  to  light,  aatnHioiDen  have  only 
to  direct  their  attention  mora  particularly  to 
ucb  objects,  to  watch  vith  core  the  slightest 
Dtoiemeiits  in  the  ndeTcal  heavena,  and  take 
their  measurements  of  distamxs  and  angular 
positionB  with  the  utmoat  pcecioon ;  and  then 
m  m^  expect  that  succeedinggeneistions  will 
hare  unleaded  to  tboii  vien  a  more  aabUnw 
•ad  cmnpreheiknTe  prospect  of  the  arraoge- 
■eotaof  Ibe  universe. 

In  certain  cases  it  has  alreo^  been  osmt- 
toiaed  that  treble  stars  foroi  one  connected 
■ystem.  The  star  marked  f  Cancri  is  «  tre- 
ble star  of  this  description.  Two  of  the  itars 
are  cunaiderably  uaequal ;  the  largest  of  these 
is  larger  than  the  smgle  star,  and  the  least  of 
■be  two  ie  leas  than  the  nngle  atu.  The  first 
and  second  largest,  aa  described  by  Sir  W. 
HeiBcheU  are  pret^  unequal,  and  the  eccimd 
■nd  third  pretty  unequaL  Tbe  nearest  are 
pole  nd.  They  require  very  favourable  dr- 
mmstaDcea  to  be  distinctly  seen ;  they  ore 
just  sepsraled  by  a  power  of  3S7,  and  with 
460  their  diatance  is  ^  tbe  diameter  of  the 
«Dalter  one.  Thia  is  considered  a  eaae  in 
which  three  suns  revolve  around  a  common 
centre.  Observation  fans  not  yel  aflbrded  a 
snScient  data  for  determining  the  particular 
notinoa  or  arrangemcnta  of  such  complex  sys- 
tonu ;  but  ne  may  conceive  them  aa  arranged 
in  a  manner  somewhat  aimiioi  to  what  we 
have  delineated  in  Gg.  34,  wbere  the  point  C 
BMy  lepresent  the  common  centre  of  gravi^ 


ceived  as  tying  in  difierent  planes  oblique  lu 
each  other,  to  prevent  any  occasional  collision 
or  too  near  on  approach. 

A  quadruple  ayotem  may  be  rcprespul.  J 
by  Ijg.  35,  where  C  is  the  centre  of  grn\il,- 
lound  which  the  four  bodies  revolve,  biiJ  llie 
circles  aaa  a,  b  6  b  b,  dec,  the  respivlive 
orbits  in  which  they  move.  The  star  i  Lyns 
is  probably  a  ^atem  of  this  kind.  It  is  a 
star  of  the  fiflh  magiutude;  ntualed  about 
two  degrees  north-east  from  the  bright  star 
ficga,  or  a  Lyne.  The  atari  of  which  it  is 
composed  are  easily  distinguishable  by  a  lele- 
■cope  of  moderate  power,  and  it  is  easily  found 
from  its  vicini^  to  the  veiy  bright  star  odja- 


Fig.  84. 


cent  to  it.  The  small  stars  of  which  it  is 
ctKnpoeed  are  situated  nearly  as  represented 
in  %  SB.  We  might  conceive  of  such  aiya- 
lem  of  bodies  revolving  in  a  stilt  more  com- 
plex manner,— the  star  Frevolving  round  S, 
the  star  U  revolving  round  T,  the  system  of 
Fond  S revolving  round  a  point  a,  and  the 
^rtemof  Tand  Tround  the  same  point  or 

Fig.  8&  separate    but 


■iveorbiLBut 
it  ii  diHicall 
to  tbnn  dia- 
grama  of  such 
complex  ^B- 

There    are 
many    dUlei^ 
ent  combina- 
tions by  which  we  may  conceive  treble,  quad- 
ruple, and  multiple  stai*  to  revolve   round 
their  common  centre  of  gravity,  which  It 
would  be  loo  tedious  to  describe,  particularly 
as  such  ntotians  have  not  yet  been  accurately 
h  As  three  bodies  revolve.     The   ascertained.    Sir  W.  Herschel  licsctibes  me 
■  A  B,  D  B,  F  G,  represent  the  ortilts   of  these  possible  comtnnstions  which  is  not  a 
of  tbe  revolving  bodies,  which  may  be  con-   little  uigular.    Suppose  two  equal  stars,  a 
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■i^  ^f  (Aff*  37,)  moving  in  a  circular  ori)it 

round  their 
common  cen- 
tre of  gravity 
which  will  be 
the  centre  of 
the  circle. 
From  the  cen- 
tre of  the  cir^ 
cle,  draw  a 
line  perpendi- 
cular to  the 
plane  of  their 
orbit,  extend- 
ing to  equal 
distances  a- 
bovc  and  be- 
low this  cen- 
tre. Let  us 
now  suppose  a  third  star,  c,  to  fall  from  one 
extremity  of  this  perpendicular,  from  a  state 
of  rest;  it  will  obviously  descend  with  a  gra- 
dually accelerated  motion  till  it  reaches  the 
centre  of  gravity ;  and  passing  onwards  with 
a  motion  gradually  retarded,  it  will  move  to 
the  other  end  of  Ijie  perpendicular,  where  it 
will  arr]\e  at  a  state  of  rest,  and  again  return 
and  continue  to  oscillate  between  these  two 
points.  The  two  stars  which  move  in  a  cir- 
cular orbit  may  describe  equal  ellipses  of  any 
degree  of  eccentricity.  In  this  case,  how- 
ever, the  perturbations  will  affect  not  only 
the  planes  of  their  orbits,  but  also  their  figures; 
and  the  length  of  the  oscillations  of  the  tliird 
will  be  sometimes  increased  and  diminished. 

A  sun  oscillating  in  a  line  perpendicular  to 
the  orbit  of  other  two  suns,  and  continuing 
its  motion  for  ages  in  that  line,  is  certainly  a 
very  strange  idea ;  and  yet,  from  the  variety 
we  perceive  in  the  arrangements  of  the  uni- 
verse, it  is  not  at  all  improbable  that  such 
combinations  may  exist  among  treble  stars. 
The  idea  here  intended  to  be  conveyed  may 
be  illustrated  by  suspending  a  ring,  and  plac- 
ing a  wire  perpendicular  to  it  in  its  centre. 
The  ring  will  represent  the  plane  of  the  orbit 
in  which  the  two  equal  stars  move,  and  the 
)  crpcndicular  wire  the  line  or  course  of  the 
thinl  star  moving  backward  and  forward  with 
dificre'nt  degrees  of  accelerated  and  retarded 
motion.  The  motions  connected  with  quin- 
tuple and  multiple  stars  mui^t  be  i;till  more 
complex  than  those  to  which  we  have  ad- 
verted ;  but  it  is  difficult  in  the  mean  time  to 
form  any  distinct  ideas  on  the  subject,  till  ac- 
tual observation  in  the  course  of  succeeding 
ages  shall  pave  the  way  for  deducing  definite 
conclusions.  The  discoveries  already  made 
open  to  view  new  scenes  of  celestial  mechan- 
ism, and  new  views  of  the  diversified  and  ad- 
niirable  contrivances  of  Divine  Wisdom,  so 
t)»Qt,  in  reference  to  such  objects,  we  may 
<693) 


apply  to  the  almighty  architect  the  langoaga 
of  the  sacred  writer — ''How  unsearchahle 
are  thine  operations  and  thy  ways  past  find- 
ing out !''  When  we  consider  that  around 
each  of  these  moving  suns  a  retinue  of  planets 
must  be  supposed  to  wheel  their  courses,  at 
difilerent  distances  and  in  difieient  periods  of 
time,  we  cannot  hut  feel  astonished  at  tlie 
tompkxity  of  motions,  perturbations,  and 
other  effects  which  must  necessarily  follow ; 
yet  we  are  bound  to  believe  that  every  thing 
moves  onward,  not  only  without  confusion, 
hut  in  the  most  perfect  order  and  harmony , 
for  He  who  at  first  arranged  the  plan  of  ^ 
material  world,  and  impressed  upon  matter 
the  laws  which  now  operate,  is  possessed  of 
boundless  intelligence,  and  foresees  at  one 
glance  all  the  efiects  which  those  laws  can 
possibly  produce ;  and,  so  far  as  our  observa- 
tion extends,  every  object  and  movement  in 
nature  appeara  to  be  adjusted  with  the  most 
perfect  regularity. 

The  solution  of  the  *<  problem  of  three 
bodies"  was  considered  as  a  work  of  so  great 
nicety  and  difficulty  that  none  but  such  pro- 
found mathematicians  as  Clairaut,  D'Alem- 
bert,  and  Euler,  could  undertake  such  a  deli- 
cate and  laborious  investigation.     This  pro- 
blem was,  <*  to  determine  the  curves  (kscribed 
by  three  bodies  projected  from  three  points 
given  in  position,  and  with  velocities  given  in 
quantity  and  direction — ^the  force  with  which 
they  gravitate  being  directly  as  their  quanti 
ties  of  matter,  and  inversely  as  the  squares  ol 
their  distance."    If  the  resolution  of  such  a 
problem  required  so  great  acuteness  of  intel- 
lect, and  so  eminent  skill  in  the  sdenoe  of 
analysis,  what  perspicacity  of  intellect,  and 
what  profound  knowledge  of  every  thing  con- 
nected with  physical  and  mathematical  inves- 
tigations must  be  zequiate  to  determine  the 
courses  described  and  the  perturbations  pro- 
duced by  the  complex  mofions  of  Are,  six,  or 
seven  suns  all  connected  together,  yet  moving 
in  different  curves  and  in  difierent  directions, 
along  with  hundreds  of  planets,  cadi  con* 
nected  with  its  own  sun  and  pursuing  its 
own  distinct  course,  yet  acted  upon  in  suc- 
cession with  difierent  degrees  of  force  by  the 
attractive  influence  of  other  suns !    AU  our 
boasted  powers  of  analysis  are  completely 
incompetent  for  such  determinations.     The 
faculties  of  an  archangel,  or  of  intdligenoes 
of  a  higher  order  than  that  of  man,  are  alone 
adequate  to  such  investigations ;  and  this  cir- 
cumstance   afibrds  a  presumptive   evidence 
that  such  superior  intelligences  actually  exisit 
in  the  universe,  and  that  man,  in  the  pieaent 
improvement  of  his  powers,  may  be  in  Ihe 
act  of  training  for  the  employments  and  tlM 
society  of  such  intellectual  beings  in  a  lutort 
scene  of  existence. 
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The  foUowuig  brief  list  of  tnble  and  mul^  tude.    M.  Strove  found  the  an^es  of  pern  • 

Qple  stars,  aelecied  chiefly  from  Sir  W.  Her-  tion,  in  1819,  to  be  as  follows — 
•diers  catalogue,  is  given  for  the  sake  of  those 

who  may  be  dispoeed  to  inspect  them  with  3d  and  4tb :                     Ist  and  3d : 

their  telescopes.*^  ^*^  ^^  foUowlng.       iSf>  V  north  preMdlng . 

^,  or  42  Arus,  in  the  Aam,  sixth  magni-  „^  ^^^^,      „  ^^^  ^^^,       ^  ^^^  3^; 

tade.— The  three  stars,  which  are  all  in  a  58»  y  north  fol.  81»  (K  nortli  pre.  74*  (K  norm  pre. 
line,  are  ezoessiTely  unequal ;  the  largest  is 

white,  and  the  two  smallest  are  mere  points^  44  Orion  preceding  the  two  Cs,  or  below 

With  a  power  of  460,  the  two  nearest  are  IJ  1,  2,  & — of  the  third  or  fourth  magnitude. 

diameter  of  the  largest  star.    The  third  is  The  preceding  set  of  this  double-tnple  star 

about  2y  from  the  largest.  consists  of  three  equal  stars,  forming  a  triangle, 

e,  or  4  or  5  Lihra^ — ^This  is  a  remarkable  and  are  all  duskj.    The  distance  of  the  two 

donbleHiouble  star — or  a  double  star,  each  star  nearest  with  a  power  of  227  is  about  3  diam. 

itself  being  a  double  star.    The  first  set  con-  The  following  set  consists  of  three  stars  of 

flista  of  stars  that  are  considerably  unequal  different  sizes,  forming  a  circle.    The  middle 

The  largest  b  very  white,  and   the  smallest  star  is  the  largest ;  the  one  to  the  south  is 

irddish.     Their  distance  with  227  is  one  di-  pretty  large ;  and  the  third  isvexy  small.  The 

ametcr  of  the  larger  one;  the  second  set  are  two  largest  are  white,  and  the  smallest  pale 

while  and  equal,  the  preceding  being  rather  red.    Distance  36i''.    These  stars  are  east 

the  largest;  their  distance   1^  diameter  of  by  north  from  the  bright  star  Rigely  at  the 

either.    The  star  appears  of  the  fourth  ma^^  distance  of  about  5*^. 

Ditude.  12  Lynx,heknv  the  eye;  about  18^  or  19^ 

tf,  or  48  Orion,  a  star  of  the  fourth  magni-  north-east  of  Capella  and  16®  north  of  /3 

tude,  a  lUtle  below  the  lowest  of  the  three  Auriga,    The  two  nearest  of  this  cunous 

a/art  m  the  belt.    This  is  a  double-treble  star,  treble  star  are  pretty  unequal    The  larger  is 

or  two  sets  of  treble  stars,  almost  similarly  white,  and  the  smaller  white  inclining  to  a 

situated.    The  two  nearest  of  the  preceding  rose  colour.     With  a  power  of  227  their  dia* 

set  ate  equal ;  the  third  larger,  and  pretty  tanoe  is  j  the  diameter  of  the  smaller  one. 

unequal  when  compared  with  the  latter  two.  The  first  and  third  are  considerably  unequal ; 

With  a  power  of  222,  the  distance  of  the  two  the  second  and  third  pretty  unequal ;  the 

nearest  is  2  diameters  of  either.    The  two  colour  of  the  third  being  pale  red,  and  its  diB< 

nearest  of  the  following  set  are  very  unequal  tance  from  the  first  9^'. 

The  largest  of  the  two  and  the  furthest  are  {,  or  51  Libra;  of  the  fourth  or  fifth  mag- 

considerably  unequal,  the  largest  being  white  nitude.    This  star  appears  at  first  double,  but 

and  the  smallest  bluish.    With  a  power  of  the  larger  of  the  two  will  be  found*  to  consist 

222,  their  distance  is  about  2^  diameters  of  of  two  stars.    They  axe  nearly  unequal,  and 

the  lazgesL    The  distance  of  the  two  &rthest  both  white.    With  a  power  of  460  their  dis* 

is  43^'     Right  ascension,  5t>  30^ ;  south  dedi-  tanoe  is  ^  the  diameter  of  the  larger. 

nation,  29  43'.  j®  south  of  68  AurigaB,inaUneparallelto 

$f  of  41  OriaOy  the  small  telescopic  tra'  p  and  B,  south-east  of  the  bright  star  CapeU 
pezium  in  the  nebula.  Right  ascension,  5^  la.  This  is  a  cluster  of  stars  containing  a 
W ;  south  dec,  6®  32'.  The  stars  compos-  double  star  of  the  second  class  and  one  of  the 
ing  diia  quadruple  star  are  considerably  un-  third.  The  two  of  the  second  are  very  un- 
equal The  most  southern  star  of  the  follow-  equal,  and  both  red.  Their  distance  with  460 
ing  side  of  the  trapezium  is  the  largest;  and  u  2^  diameters  of  the  larger.  Those  of  the 
the  star  in  the  opposite  comer  is  the  smallest,  third  class  are  equal,  and  both  red.  Distance, 
the  other  two  being  nearly  equal  The  largest  17'^  Above  SO  stars  are  in  view  with  a 
is  pale  red ;  the  star  preceding  the  largest  in-  power  of  227. 

dined  to  garnet;  and  the  star  opposite  the  A  large  star  l^  preceding  ^  towards  Al  of 

largest  dusky.    Distance  of  the  two  stars  in  the  Swan.  '  The  two  nearest  are  extremely 

the  preceding  side,  8|  seconds;  in  the  southern  unequal.      The  largest  is  white,  and  the 

aide,  12;}  seconds;  in  the  following  side,  16  smallest  pale  red.    Their  distance  with  460 

seconds ;  and  in  the  northern  side,  20  seconds,  is  2^  diameters  of  the  largest    The  third  and 

The  first  star  (in  right  ascension)  is  of  the  the  largest  are  extremely  unequal,  and  belong 

seventh  magnitude,  the  second  of  the  eighth  to  the  fifth  or  sixth  class, 

magnitude,  the  third  of  the  fifth  magnitude.  South  preceding  27  Swan,  the  middle  of 

and  the  fourth  of  the  sixth  or  seventh  magni-  three,  the  most  southern  of  which  is  the  27. 

This  star  is  quadruple  and  sextuple.    In  the 

*  As  the  followinK  and  similar  lifts  are  inserted  quadruple  of  north  preceding  set,  the   two 

fbrtheperpose  of  reference  to  amateur  observers,  Qg^rest    are  very  unequal.     Their  distance 

tiM  general  reader.  If  he  thmk  proper,  may  pass  "                .        ,/    Thn  *««!•«««»  «r»  ^ImMt 

over  such  lists  and  descriptions.  with  678  la  1 1  .     1  he  two  largest  are  almost 

7.5  8d2            (^693) 
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equal,  and  both  red.    Diatanoe,  29y\    In  the  preceding  one  consist  are  conaiderably 

the  sextuple  or  south  followmg  set,  the  two  unequal    The  largest  of  these  is  larger  tban 

largest  are  pretty  unequal, '  and  both  red.  the  angle  star,  and  the  least  of  the  two  is  less 

Their  distance  is  W» — ^The  other  stars  are  than  the  single  star.    The  first  and  second 

as  small  as  the  smallest  of  the  quadruple  set  largest  and  pretty  unequal,  aud  the  second  and 

f*  north  preceding  H  Gemini^  (of  the  fifth  third  pretty  unequal    Tb&  two  nearest  are 

magnitude,)  in  a  lint  parallel  to  the  65  Orion,  pale  red.    They  are  just  separated  wi&  a 

(in  the  club,  and  of  the  fifth  magnitude,)  and  power  of  278,  and  with  460  tiieir  distance  is 

J  Taurus f  the  middle  of  the  three.  The  stars  ^  the  diameter  of  the  smaller  one.     Zeia 

in  this  quintuple  star  are  in  the  form  of  a  cross.  Cancri  is  situated  about  12  or  13  degrees 

The  two  nearest,  or  the  preceding  of  the  five,  south-eaflt  of  Pollux,  nearly  in  a  line  parallel 

are    extremely    unequal      Distance    20^''.  to  that  which  joins  Castor  and  Pollux,  and 

There  is  a  veiy  obscure  star  of  the  third  class  nearly  the  same  distance  north  by  east  fiom 

near  the  last  of  the  three,  in  the  obscure  star  Procyon.     It  appears  as  a  star  of  the  fifth  or 

of  the  cross.    Other  five  stars  are  dispersed  sixth  magnitude,  and  is  sometimes  dtstin- 

about  the  qumtuple  one.  guished  by  the  name  Tegmine*    As  a  double 

Between  /3  and^  Dolphin,  but  nearer  to  $•  star  it  is  easily  distinguished  by  a  power  of 

AH  the  three  stars  are  whitic^  red,  and  nearly  140,  with  a  3^  feet  achromatic  telescope,  whose 

equal.     Distance  of  the  two  nearest  with  a  aperture  is  2j  inches,  and  might  perhaps  be 

power  of  278,  21 J^',  seen  with  a  power  of  100.    But  it  requhes  a 

Near  27  Cepheus,  near  6*    The  distance  much  higher  power  to  distinguish  it  as  a  treble 

of  the  two  nearest  ofthis  treble  star  is  about  20^^  star. 

3,  or  10  Lyu,  Tof  the  third  magnitude.  Most  of  the  above  stars  may  be  found  by 

and  about  7^  south-east  of  the  bright  star  consulting  large  planispheres  of  the  heavens, 

Vega.)     The  stars  of  this  quadruple  star  are  or  a  common  celestial  globe.    To  facilitate 

all  wMte,  the  secobd,  third,  and  fourth,  inclin-  the  finding  out  of  their  poeitions,  I  have  in- 

ing  to  red.    The  firsi  and  second  are  consider-  serted  in  the  above  list  some  special  directions, 

ably  unequal ;  the  firft  and  third  very  une-  which  may  perhaps  be  of  use  to  the  astrono* 

qoal ;  and  the  first  and  fourth  unequal.    Dia-  mical  tyro  who  is  furnished  with  a  moderately 

tance  of  the  first  and  secor^d,  44''.  good  telescope.    It  is  to  be  regretted  that, 

|3,  or  78  Gemini,  (Pollux.)  The  stars  of  even  on  some  of  our  latest  18-inch  celestia] 

this  multiple  star  are  extremely  unequal  The  globes,  several  of  the  stars  above  referred  to 

nearest  distance  is  I'  57" ;  the  next  distance  are  not  distinctly  marked,  either  with  tiieb 

is  3'  17".  number  or  with  the  Greek  letters  by  which 

In  the  Vhicom*9  head*    This  multiple  star  they  are  generally  distinguished,  and  soms 

consLsts  of*  one  star  vnth  about  twelve  around  of  them  are  altogether  omitted ;  such,  for  in< 

it     16^  west  of  Procyon.  stance,  as  the  celebrated  star  61  Cygni,  which 

J,  or  16  Cancer,    This  very  minute  treble  is  a  double  star,  and  whose  proper  motian  if 

star  requires  very  favourable  circumstances  to  greater  than  that  of  any  o&er  star  yet  di» 

oe  distinctly  seen.    The  two  stars  of  which  covered  in  the  heavens. 


CHAPTER  X 

OniheMlky  Way. 

As  we  advance  in  our  survey  of  the  distant  compared  with  the  immensity  of  august  and 
regions  of  the  universe,  the  astonishing  gran-  splendid  objects  which  stretch  themselves  in 
deur  and  extent  of  the  sidereal  heavens  gra-  boundless  perspective  towards  infinity.  The 
dually  opens  to  our  view.  Wo  have  hitherto  discoveries  of  modem  astronomy  have  en- 
considered  only  a  few  objects  on  the  outskirts  larged  the  sphere  of  our  conceptions  far  beyond 
of  the  heavens,  in  respect  to  their  distance,  what  could  formerly  have  been  surmised,  and 
magnitude,  and  the  wonderful  compUcation  opened  to  view  a  universe  boundless  as  its 
of  systematic  motions  which  prevails  among  Creator,  where  human  imagination  is  lost 
them.  Had  we  no  other  objects  to  engage  and  confounded,  and  in  which  man  appears 
our  attention,  ages  might  be  spent  in  con-  like  a  mere  microscopic  aninudculum,  and  his 
templating  and  admiring  the  economy  and  whole  habitation  as  a  particle  of  vapour  when 
magnificence  of  those  starry  groups  which  ap-  compared  to  the  ocean.  In  contemplating 
pear  to  the  unaided  eye  on  the  nearer  bound-  the  visible  firmament  with  the  unassisted  eySy 
ary  of  our  firmament.  But  all  this  is  visible  we  behold  only  the  mere  portaU,  as  it  w^^ 
to  man's  unassisted  vision  is  as  nothing  when  which  lead  to  the  interior  recesses  of  tlic  taal 
(694) 
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Ttmfiit  of  Creation.    When  we  direct  our  This  zone  m^be  traced  in  the  heavens  a« 

Tiswi  beyond  these  outer  portals,  by  means  of  follows : — 9eginning  near  the  northern  qnai^ 

the  most  powerful  telescopes,  we  obtain  a  view  ter  of  the  heavens,  at  the  head  of  Cepheus,  or 

of  some  of  its  more  magnificent  porches,  and  about  30^  from  the  north  pole,  we  may  trace 

a  fiunt  glimpse  of  those  splendid  apartments  it  through  Cassiopeia,  Perseus,  Auriga,  part 

which  we  shall  never  be  able  to  explore,  but  of  Orion,  and  the  feet  of  GesoinL  At  this  last 

which  lead  us  to  form  the  most  august  con-  point  it  crosses  the  Zodiac,  and  proceeding 

ceptions  of  the  extent  and  grandeur  of  what  southward  acroei  the  equinoctial  into  the 

is  eoneeoled  from  our  view.    In  entering  this  southern  hemisphere,  it  passes  through  the 

Temple  "not  n^de  with  hands,"  the  splen-  Unicom  and  the  middle  of  the  ship  Azgo» 

dour  of  its  decorations,  the  amplitude  of  its  where  it  is  most  luminous.    It  then  passes 

icale,  and  the  awfulness  of  infinitude,  ford-  through  Charles's  Oak,  the  feet  of  the  Cen- 

bly  strike  the  imagination.  There  is  sufficient  taur,  the  Cross,  the  Altar,  the  tail  of  Scorpio^ 

to  awaken  into  exercise  all  the  powers  and  the  bow  of  Sagittarius,  and  a  part  of  OphiuchiMi 

feelings  of  devotion,  and  to  excite  us  to  foil  Here  it  separates  into  two  branches  as  it  passes 

down  into  humility  and  adoration  before  Kim  again  over  the  Zodiac  into  the  northern  hemi- 

whose  word  spoke  into  existence  this  astonish-  sphere.    One  branch  tuns  through  the  tail  of 

iag  &bric,  and  ^  whose  kingdom  ruleth  over  Scorpio,  the  bow  of  Sagittarius,  the  shield  of 

alL"    These  reflections  may  not  appear  alto-  Sobiedd,  the  feet  of  Antinous,  Aquila,  Del- 

gether  unappropriate  when  entering  on  a  de-  phinus,  the  Arrow,  and  the  Swan.  The  other 

scriptioa  ot&eAGOnf  H^y,  which  contains  ob-  branch  passes  through  the  upper  part  of  the 

jectscalculatedtoexciteourhighestadmiration.  tail  of  Scorpio,  the  side  of   SarpentariuSy 

When  vre  take  a  general  view  of  the  hea-  Taurus  Poniatowski,  the  Goose,  and  the  neck 

vens  about  the  months  of  August,  September,  of  the  Swan,  where  it  again  unites  with  the 

snd  October,  and  during  the  winter  months,  other  branch,  and  passes  on  to  the  head  of 

we '  cannot  fell  observing  a  large,  irregular,  Cepheus,  the  place  of  its  beginning.    After 

whitish  zone  stretching  across  the  sky,  with  sending  off  the  two  branches  above  mentioned^ 

a  few  interruptions,  from  one  end  of  the  they  unite  again  after  remaining  separate  for 

firmanient  to  another.   This  mighty  zone,  thus  the  qpace  of  more  than  100  degrees!    There 

stretching    itself  around  us,  is   sometimes  is  another  small  separation  ofthe  Milky  Stream 

tenaedtl^fii/sxy,  sometimes  the  VtaLtuteOf  between  Cassiopeia  and  Perseus.    The  two 

bat  more  nequently,  in  plain  English,  the  streams  appear  to  leave  a  blank  about  the 

Milky    Way,  trom  its  resemblance  to  the  head  of  Perseus,  and  a  considerable  space  on 

whiteness  of  milk.    This  luminous  band  is  each  side  of  it,  to  the  extent  of  about  thirty 

viable  to  every  observer,  and  is  the  only  real  degrees  in  length,  and  three  in  breadth,  and 

and  sensible  circle  m  the  heavens.    When  are  again  joined  into  one  stream  in  the^ord 

trued  throughout  its  di^reut  directions,  it  is  of  Perseus,  adjacent  to  Casaopeia.* 

ibmid  to  encircle  the  whole  sphere  ofthe  hea-  From  the  above  description  it  will  appear 

vens,  though  in  some  parts  of  iu  course  it  is  that  the  form,  breadth,  and  general  appearance 

broader  and  more  brilliant  than  in    othera.  of  this  zone  are  various  in  difierent  parts  of 

It  ferms  neariy  a  great  eirele  of  the  sphere,  its  circuit    round  the    heavens,     ii  some 

but  it  coincides  neither  with  our  equator,  {daces  it  appears  dense  and  luminous,  in  others 

ecliptic,  nor  colures,  nor  with  any  other  arti-  feint  and  scattered;  in  certain  points  it  ap- 

fieial  circles  which  we  conceive  as  drawn  peara  broad,  and  in  othen  narrow.  Its  breadth 

anmnd   the  firmament    In  all  ages,  so  &r  in   some   places,  as  between.  Auriga    and 

as  we  know,  this  wonderful  zone  has  retained  Perseus,  is  only  about  feur  or  &wb  degrees  ; 

the  same  position  among  the  constellations  as  in  other  places,  as  in  the  southern  parts  of 

at  the  present  day,  and  is  frequentiy  alluded  Scorpio,  Ara,  and  the  Cross,  its  breadth  is 

to  both  by  the  astronomera  and  the  poets  of  from  ten  to  fifteen  or  eighteen  degrees^  ^  It 

antiquity.    Thus  Ovid,  on  account  of  its  lus-  assumes  the  appearance  of  a  double  path  £rom 

tie,  represents  it  as  the  high  road  to  heaven,  the  tail  of  the  Scorpion,  through  the  bow  of 

or  the  court  of  Jupiter :  Sagittarius,  Antinous,  Aquila,  Taurus  Ponia- 

-  A  way  ihers  1.  In  heaven',  extended  plain.  f^'^"*^'  ^^^""^.^^  f^  ^^*^*  S''*^  J* 

Which  when  the  skies  are  clear  as  seen  below,  »  more  or  less  visible  at  every  season  of  the 

And  mortals  by  the  name  of  MUky  know ;  year ;  but  in  Britain  and  in  other  northern  lati- 

The  groundwork  to  of  stare,  through  which  the  j^^  j^  4.^^^  conspicuous  during  tiie  monUis 

Llee  open  to  the  Thunderer's  abode."       [road  -.        _^  a    ^     »r         jr\*i-*vi** 

A  jM-u       •    u-   «T>      r      T^M   11  J  of  August,  September,  and  October,  the  latter 

And  MdUm,  in  his  «  Paradise  Lost,"  aUudes  p^  ^f  j^jy^  ^^  the  beghming  of  November. 

10  It  in  these  bnes :  About  the  middle  of  August,  at  nine  o'clock 

**  A  broad  and  aaiple  road,  whose  dost  la  gold,  in  the  evening,  it  maybe  seen  stretching  in  an 
And  pavement  stars,  as  stars  to  us  appear ; 

Been  in  the  galaxy  that  Milky  Way,  *  See  the  direction  of  thto  sone  in  the  aaap  of 

like  to  a  clrelhig  aone  powdered  with  stars."  the  stars  on  Mercator's  projection. 
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obliqoe  directioa  over  the  heavens,  fixnn  north-    and  other  firmamentB  rising  to  view,  vhoH 

east  to  loath-west,  and  its  apparent  motion    distances  baffle  the  atmost  stretch  of  ima^ma- 

along  the  heavens  may  be  traiced  along  with   tion. 

that  of  the  other  constellations.    At  other 

seasons  of  the  year,  and  at  other  honn  of  the     -  O  what  a  coaflaence  of  etherMl  fire 

^^V  u    1^^  1« J  <k.«»  «;ii  .^n^.  .^m^      From  suDi  annumbered  down  the  Bleep  ofbearea 

m^ht,  Its  position  and  form  wUl  appear  some-     gi^^ams  to  a  point  aod  centres  on  mj  sigbu" 
what  diflerent.    It  appears  most  brilliant  m 

the  southern  hemispheTe,  particularly  in  the  The  foDowing  contains  a  brief  summary  of 
neighbourhood  of  Argo,  Ara,  and  the  sjrfendid  Sir  W.  Herschel's  obeerrations  on  this  region 
constellation  ofthe  Cross.  Between  the  tropics,  of  the  heavens,  made  with  a  Newtonian  re- 
where  the  atmosphere  is  clear  and  serene,  it  fleeting  telesoc^  of  twenty  feet  focal  length 
appears  most  vind  and  brilliant  Mr.  Bryd<m  and  an  aperture  of  eighteen  inches.  He  found 
inrorms  us  that,  from  the  top  of  Etna,  it  ap-  that  this  instrument  completely  resolved  all 
peared  "  like  a  pure  flame  that  shot  across  the  the  whitish  appearances  into  stars,  which  the 
heavens."  telescopes  he  formerly  used  had  not  light 

The  ancients  seem  to  have  conjectured  that   enough  to  do.    The  portion  he  first  observed 
the  whiteness  of  this  zone  was  owing  to  a    was  Uiat  about  die  hand  and  dub  of  Orion, 
eonfiuence   of  stars ;  for  Ovid,  in   the  lines   and  he  found  in  this  space  an  astonishing 
above  quoted,  says,  **  Its  groundwork  is  of    number  of  starB,  whose  number  he  endea> 
stars."    Soon  after  the  invention  ofthe  tele-   vouied  to  estimate  by  counting  manyjieldif 
scope  this  conjecture  was  confirmed,  and  as-    that  is,  the  apparent  space  in  the  heavens  he 
tronomen  were  astonished  at  the  number  of    could  see  at  once  through  his  telescope,  and 
stars  which  appeared  in  this  bright  zone  of    computing  firom  a  mean  of  diese  how  many 
the  heavens ;  and  their  number  appeared  to  be    may  be  contained  in  a  given  portion  of  the 
increased  in  proportion  to  the  magnifying   milky  way.    In  the  most  vacant  place  to  be 
powers  of  their  telescopes.     But  it  was  not    met  with  in  that  neighbourhood  he  found  $S 
before  Sir  W.  Herachel  applied  his  powerful   stars;  other  six  fields  contained  110,  60,  70, 
instruments  to  thie  region  of  the  heavens   90,  70,  and  74  stars,  a  mean  of  all  which  gave 
that  its  profundites  were  explored,  and  all  its   79  for  the  number  of  stan  to  each  field ;  and 
minute  nebulous  parts  shown  to  consist  of    then  he  found  that,  by  allowing  fifteen  mi- 
countless  myraids  of  stars,  of  every  apparent   nutes  for  the  diameter  of  his  field  of  view,  a 
magnitude,  stretching  onward  to  the  regions  belt  of  fifteen  degrees  long  and  two  broad, 
of  infinity,  till  they  appeared  to  be  lost  to  the   which  he  had  often  seen  pass  through  hk 
view,  even  when  asnsted  by  the  largest  tele-   telescope  in  an  bourns  time,  could  not  contain 
scopes.     On  firstpresenting  telescopes  of  con-   less  than  50,000  stars,  large  enough  to  to 
aider^le  power  to  this  splendid  zone,  we  are   distinctly  numbered ;  besides  which  he  mi- 
lost  in  amazement  at  the  number,  the  variety,   pected  twice  as  many  more,  which  could  be 
and  the  beautiful  configurations  of  the  stars   seen  only  now  and  then,  hj  faint  glimpees, 
of  which  it  is  composed.    In  certain  parts  of    for  want  of  sufikient  Ugfat    The  reader  maj 
it  every  slight  motion  of  the  telescope  presents   acquire  some  conceptions  of  this  immense 
new  groups  and  new  configurations,  and  the  number  of  stare  occupying  so  small  a  spaee, 
new  and  wondrous  scene  is  continued  'over  if  he  consider  that  it  is  fiffy  times  more  than 
a  space  of  many  degrees  in  succession.    In   all  the  stars  which  the  naked  eye  can  discern 
mwnX  fields  of  view,  occupying  a  space  not   at  one  time  throughout  the  whole  heavem, 
much  more  than  twice  the  breadth  of  the   and  that  the  space  they  occupy  is  only  the 
moon,  you  perceive  more  of  these  twinkling  y^i^^th  part  of  the  visible  canopy  of  the  hea- 
luminaries  than  all  the  stars  visible  to  the   ^ne ;  so  that  if  eveiy  part  of  the  firmament 
naked  eye  throughout  the  whole  canopy  oi    were  equally  rich  in  stars,  there  would  be 
heaven.    You  seem  to  penetrate,  as  it  were,   within  the  readi  of  such  a  telescope  as  Her^ 
to  the  remoter  bounderies  of  creation,  and  feel   schePs  no  less  than  68,750,000,  or  sixty-eight 
bewfldered  and  lost  amidst  the  immensity  of   millions,  seven  hundred  and  fifty  thoosm 
die  univexse.    I  have  never  been  inspured   stars.    And  we  are  further  to  consider  that  it 
with  higher  ideas  of  grandeur  and  sublimity,   was  only  in  the  comparatively  "  vacant  places'* 
nor  felt  deeper  emotions  of  humility  and  rev-  of  this  zone  that  the  number  of  stars  above 
erence,  than  when  occasionally  contemplating  stated  were  perceived, 
this  stupendous  scene  through  telescopes  of        In  some  of  his  observations  of  other  parts 
considerable  brilliancy  and  power.    There  is  of  this  zone.  Sir  W.  Herschel  informs  us  that 
not  another  scene  in  creation,  open  to  the  he  descried  a  much  greater  number  of  ^Sbem 
view  of  mortals,  calculated  to  fill  the  soul  luminaries  in  a  similar  extent  of  space.    "In 
with  more  august  conceptions,  or  to  inspire   the  most  crowded  parts  of  the  Milky  Way," 
it  with  more  profound  admiration  and  awe.  he  says,  **  I  have  had  fields  of  view  that  con- 
In  such  surveys  we  behold  *<  new  heavens"   tained  no  fewer  than  588  stan,  and  thsse 
(596) 
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woe  ooQtmuad  ibr  many  minutes,  so  that  in  but  as  there  are  comparatiyely  few  other  re* 
one  quarter  of  an  hour's  time  there  passed  no  gions  of  the  heavens  so  densely  crowded  with 
ksi  than  116,000  stars  through  the  field  of  stars  as  the  Miliif  Way,  we  must  make  a 
view  of  my  telescope."  In  order  to  appre-  certain  abatement  fiom  this  estimate,  though 
ciale  this  description,  we  are  to  suppose  the  it  is  probaUe  there  are  more  than  one  bun- 
telescope  to  have  been  fixed  in  one  position  dred  millions  of  stars  within  the  reach  of  our 
at  the  time  of  observation,  and  that  by  the  best  instruments  were  all  the  spaces  of  our 
diomal  motion  of  the  earth,  or  the  apparent  firmament  thoroughly  explored ;  and  fiiture 
motion  of  the  heavens,  the  first  field  of  stars  generations,  wiQi  more  powerfiil  telescopes^ 
was  gradually  carried  out  of  view,  and  other  may  add  indefinitely  to  the  number.  Had  we 
fields  appeared  in  succession,  till,  in  the  space  taken  the  most  crowded  field  of  stars  which 
of  fifteen  minutes  of  time  one  hundred  and  Herschel  perceived  through  his  telescope 
■zteen  tiiousand  stan  passed  over  the  field  (namely,  688)  as  our  standard  for  estimating 
of  visbn.  Now,  the  field  of  view  taken  in  their  number,  the  amount  of  stars  in  the 
by  the  telescope  was  only  Id'  of  a  degree,  a  Milky  Way  would  have  been  forty  millinin*, 
apace  which  is  less  than  tiie  cne-fourih  part  and  in  the  whole  heavens,  888  millions.  In 
of  the  apparent  size  of  the  moon.  In  this  short,  to  use  the  words  of  Sir  John  Hei^ 
narrow  field  were  seen  about  as  many  stars  schel — ^^This  remarkable  belt,  when  exam- 
M  are  generally  beheld  throughout  the  whole  ined  through  powerfiil  telescopes,  is  found 
Ay  by  the  naked  eye  in  a  clear  winter's  (wonderfiil  to  relate  I)  to  conaist  entirely  of 
night;  for  although  nearly  a  thousand  stars  «tor9«ca//oi«f6ymt/2tion«, like  glittering  dust, 
might  be  seen  by  a  vezy  acute  eye  in  a  clear  on  the  black  ground  of  the  general  heavens." 
atmosphere,  yet  there  are  few  persons  that  in  In  regard  to  the  distaneea  of  some  of  these 
our  clixnate  could  distinctly  recognize  above  stars,  we  may  easily  conceive  that  they  are 
600  or  700  stan  even  in  a  clear  night  At  immense,  and  consequently  fiir  removed  from 
inother  time,  this  indefatigable  astronomer  our  distmct  comprehension.  Sir  W.  Her^ 
perceived  no  less  than  two  hundred  and  fifty-  schel,  in  endeavouring  to  determine  a  "  wund' 
eight  thousand  stars  pass  before  his  view  in  ing  iiiu"  as  he  calls  it,  to  fiithom  the  depth 
the  oouise  of  forty-ooe  minutes.  In  the  space  of  the  stratum  of  stars  in  the  Milky  Way, 
between  ^  and  y  of  the  Swan,  the  stars  are  endeavours  to  prove,  by  pretty  conclusive 
found  clustering,  with  a  kind  of  division  be-  reasoning,  that  bis  twenty  feet  telescope  po- 
tween  them,  so  that  they  may  be  considered  netrated  to  a  distance  in  the  profundity  of 
■  as  chistering  towards  two  different  regions,  space  not  less  than  497  times  the  distance  of 
In  this  space,  taking  an  average  breadth  of  Sirius ;  so  that  a  stratum  of  stare  amounting 
•bout  five  degrees  of  it,  he  found  firom  obser-  to  497  in  thickness,  each  of  them  as  far  di^ 
vation  that  it  contains  more  than  331,000  stars,  tant  beyond  another  as  the  star  Sirius  Is  dis> 
which  gives  above  one  hundred  and  sixty-  tant  from  our  sun,  was  within  the  reach  of 
fbe  thousand  Ibr  each  clustering  collection.  his  vision  when  looking  through  that  tele- 

Sappoeing  the  Milky  Way  to  be,  on  an  scope.    Now,  the  least  distance  at  which  we 

avenge,  twelve  dqjees  broad,  the  whole  of  can  conceive  Sirius  to  be  firom  the  earth  or 

it  will  contain  an  area  of  4320  degrees  «-  12  the  sun  is  20,000,000.000,000,  or  twenty  bil- 

X  350.    Now,  if  the  space  examined  by  lions  of  miles;  and  consequently  the  most 

Hetidiel  between  Beta  and  Gamma  of  the  distant  stare  visible  in  his  telescope  must  be 

Swan  be  about  firarteen  degrees  in  length  and  four  hundred  and  ninety^seven  times  this  dis- 

fivB  degrees  m  breadth,  it  vrill  contain  an  area  tance,  thatis,  9,940,000,000,000,000, or  nearly 

nf  seventy  degrees,  which  is  somewhat  less  ten  thousand  bilUoru  of  miles!     Of  such  im* 

than  the  Ast  part  of  the  space  occupied  by  mense  distance  it  is  evident  we  can  form 

the  Afilky  Way.    Were  we  to  suppose  eveiy  nothing  approaching  to  a  distinct  conception, 

part  of  this  zone  equally  rich  in  stan  as  the  We  can  oiiIt^  approximate  to  a  rude  and  im- 

spaoe  now  referred  to,  it  will  contain  no  less  perfect  idea  by  estimatmg  the  time  in  which 

than  20,191,000  stars,  or  more  than  twenty  the  swiftest  bodies  in  nature  would  move  over 

thousand  times  the  number  of  those  whi^  such  vast  spaces.    Light,  which  is  endowed 

sre  visible  to  the  naked  eye.    The  whole  with  the  softest  degree  of  motion  yet  known, 

viaUe  heavens,  considered  as   a  spherical  and  which  flies  at  the  rate  of  nearly  twelve 

plane,  contains  an  area  of  41,253  degrees,  millions  of  miles  every  minute,  would  require 

Now,  codld  we  suppose  every  portion  of  the  one  thousand  six  hundred  and  forty  yean  be- 

finnunent  to  be  equally  well  replenished  with  fine  it  could  traverse  the  mighty  interval 

Stan  as  the  milky  zone,  there  would  be  more  stated  above ;  and  a  caI^lon  ball,  flying  at  the 

than  195,000,000*  of  stan  in  the  heavens  rate  of  500  miles  an  hous,  would  occupy  move 

&oenuble  by  such  a  telescope  as  Herschel's;  than  2,267,855,068,  or  two  thousand,  two 

hundred  and  sixty-^even  millions,  eight  hun- 

•  «gti*  . 68911  X  »1,000  .  195,007,757.  dred  thousand  years,  in  pasang  throu^  tha 

'"  '697) 
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Mine  space ! — a  period  of  yean  before  which  and  flyhig  with  itt  utmost  vtHodty,  woqU  not 

all  the  duration  that  has  passed  since  man  reach  in  180  years.     We  an  astonished  at 

was  placed  on  this  globe  appears  only  like  a  the  size  of  siich  a  planet  as  Jnpiter,  wlucb 

few  fleeting  hours,  or  <<  as  an  handbreadth  or  oonld  contain  withiti  its  circumference  more 

4  q>an."*  than  a  thonsand  globes  as  bige  as  the  eacrth. 

Here,  then,  let  us  pause  for  a  moment,  and  We  are  justly  amazed  at  the  stupendous  mag- 
consider  the  august  spectacle  presented  to  nitude  of  the  sun,  which  is  a  thousand  times 
▼iew.  We  behold  a  few  whiti^  spaces  in  thesizeofJu}Hter,  and  which  illuminates  with 
the  firmament,  almost  orertooked  by  a  com-  its  splendour  a  sphere  of  more  than  five  thoo- 
mon  observer  when  he  casts  a  rude  glance  sand  millions  of  miles  in  drcnmference.  Bat 
upon  the  evening  sky ;  yet  in  this  apparently  what  are  all  such  distances  and  dimensiraf, 
izregular  belt,  which  appears  only  like  an  ao-  vast  and  amawng  is  they  are,  compered  with 
ddental  tinge  on  the  lace  of  the  firmament,  the  astonishing  grandeur  of  the  scene  before 
we  discover,  by  optical  instruments,  what  ap-  us  t  They  sink  into  comparative  inaignifi- 
pean  to  be  an  amazing  and  boundless  uni-  cance,  and  are  almost  lost  sight  of  amidst  the 
▼erse.  We  behold  not  only  ten  thousands,  myriads  of  splendid  suns  which  occupy  the 
but  miliums  of  splendid  suns,  where  not  a  profundities  of  the  Milky  Way.  What  is  one 
single  orb  can  be  perceived  by  the  unassisted  sun  and  one  planetary  system  in  die  jHieaence 
eye.  The  distance  at  which  these  luminous  of  ten  millions  of  suns  perhaps  &r  more  re- 
globes  are  placed  from  our  abode  is  altogether  splendent,  and  of  a  hundred  times  this  num- 
overwhelmmg ;  even  the  most  lively  imagina-  ber  of  spacious  worlds  which  doubUeas  levohe 
tion  drops  its  wing  when  attempting  its  flight  around  them  ?  Yet  this  scene,  stupendous 
into  such  unfathomable  regions.  The  scenes  as  it  is,  is  not  the  universe.  It  is  perhaps,  as 
of  grandeur  and  magnificence  connected  with  we  shall  see,  only  a  comparatively  small  cor- 
such  august  objects  are  utterly  overwhelming  ner  of  creation,  which  beings  at  ah  immensely 
to  such  firail  and  limited  beings  as  man,  and  greater  distance  will  behold  as  an  obscure 
perhaps  even  more  exalted  orders  of  intelli-  and  scarcely  discernible  speck  on  the  out- 
gences  may  find  it  difiicult  to  form  even  an  skirts  of  their  firmament;  so  tiiat  amidst  this 
approximate  idea  of  objects  so  distant,  so  nu-  vast  assemblage  of  material  existence  we  may 
merous,  and  so  sublime.  say,  in  the  language  of  the  insj^red  prophet. 

On  our  first  excursions  into  the  celestial  when  speaking  of  the  Almighty,  dut  even 

regions  we  are  almost  fri^tened  at  the  idea  here  is  but  **  the  hiding  of  his  power."  What 

of  the  distance  of  such  a  body  as  Batumi  then  must  the  whole  of  creation  be  1   and 

which  a  cannon  ball  projected  from  the  earth,  what  must  be  the  ioefiable  ^lendour  and 

majesty  cff  Him  vriio  laid  the  plan  d  the 

.  ^'otsf ^L';?2rrr,uv.t{;!ii???«',i'dTs  ^^^^  ^  "•»«?  •^^  ^^  ~°r 

VUky  Way.    He  was  in  the  habit  of  obaerviiig  millions  of  suns,  whose  hands  set  m  motion 

with  one  of  the  largest  reflecting  telescopes  to  be  so  many  myriads  of  rolling  worlds,  who  sop- 

£«'!!?  i5«?n«n^;„J^*\^*l?*^^^  ports  them  m  then-  ample  and  divenified 

finest  ever  constnieted,  and  was  the  workmansbip  *^  \     ,  .  *^  .      . , 

Of  Professor  Schrader,  of  Kiel.    The  diameter  of  courses,  and  whose  moral  government  extends 

the  speculam  was  about  nineteen  inches ;  it  was  over  all  ?     And  what  is  man,  and  the. globe 

l52?V«Y»^i!l??-?  !?  »w^K®•;*•  ^^^'/o^'J'l'  '»»«  on  which  he  dwells,  amidst  this  scene  eT  im- 
edge  cast  conical,  so  that  the  diameter  of  the  po-  -^         j  •£  «  a        •     ^x. 

lished  surmce  is  almost  a  quarier  of  an  inch  less  tensity  and  magmficence  T — an  atom  m  the 

than  at  the  back,  which  circumstance  was  const-  infinity  of  space— a  particle  of  v^Kiur  com- 

ilut'^i  '^®.  J?'5°**?'  utility  in  the  finishing  and  pared  to  the  ocean^-a  being  who,  m  lemci 

polishing.    It  had  a  focus  of  twenty-six  feet,  and,  f  .•  -^  r        *•  j*«!  jT 

without  the  ftame,  weighed  eighty  pounds.    The  «>  the  magnificence  ofcreaUon  and  the  grandeur 

large  octangular  tube  was  constructed  with  boards,  of  his  Creator,  is  <<  as  nothing,  and  is  counted 

made  impenetrable  to  rain;  and  the  instrument  to  him  as  less  than  nothing  and  vanity." 
when  ready  for  use  was  iweniy-eeven  fnet  long.,       •«■  *  •  i^     n  ^u  -^  ^  *u 

An  immense  quantity  of  apparatus  and  machinery        ^®^  amidst  aU  the  magnificence  of   tlus 

was  requisite  fbr  steadying  and  moving  it.    The  vast  system  of  uniTersal  nature,  man  is  not 

figure  of  the  speculum  was  BO  perfect,  that  it  could  forgotten  by  his  Maker;  his  hand  supporti. 

bear  a  power  of  800  or  1000  times  without  diml-  v       v  •        r  j  •  i       l*  j  ».• 

nishing  the  aperture.    Its  capability  of  resolving  '^"^»  '"*'  wisdom  guides  him,  and  his  over- 

the  nebulosity  of  the  Milky  Way  seems  to  have  flowing  goodness  provides,  in  a  thousand  dif- 

cqualled  that  of  the  telescopes  of  Herschel.    He  ferent  modes,  for  his  happiness  and  cnjqymenL 

allowed  twenty  degrees  of  Its  length  fhnn  a  Cygni  rr      v  7  *u    rc^      i n^         1   j -^_^ 

to  pass  through  the  field,  and  the  sigh^  drew  from  **®  shares  of  the  Uivme  beneficence  and  cars 

him  the  natural  exclSfnation,  "  What  Omnipo-  in  common  with  all  the  bright  intdUigenoes 

tence !"    The  power  on  the  trtescope  in  such  that  people  the  amphtudes  of  creation,  and  is 
observations  was  179,  and  the' diameter  of  the      ^         tl  'j  jtL        t  *.\.     kt    i^t^  \.  j 

.field,  fifteen  minutes ;  and  the  number  of  stars  it  ^  "°Pv  P^^ded  for  as  if  the  Ahnigbty  bad 

eoDUlned  at  once  could  never  be  counted.    They  HO  Other  world  under  his  superintondattee. 

were  never  estimated  at  less  than  fifty  or  sixty.  Within  Ae  moral  govemoMnt  of  the  Ciealor 

and  Qften  reached  or  exceeded  150.  He  calculated  .^  ^i-_  „„;„«,^^  i,«  ««,r  *«».>»  .u.^^  ^^  /««»«. 

that  the  namber  of  stars  visible  through  this  tele-  ^^  ^^  muverse  he  may  rest  secure  and  C^ifi- 

seops  could  not  be  less  tlian  12,060,000.  dent  that  he  is  not  overlooked  amidst  the  ^ 
(608) 
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WBE(j  sf  being,  for  bii  pitsence  pairade* 
IIm  mfinity  of  apace,  and  his  knowladge  ex- 
tenda  lo  the  minuteat  morementa  of  ill  hii 
Onlures.  Under  hu  patemi]  cam,  not  only 
mm,  but  tho  cnwling  worm,  the  fluttering 
bad,  tbe  little  uit,  and  CTea  the  nucroecopic 
miDBkuluDi,  And  ■  hoow  uicl  pnmBons,  u 
ntD  *f  the  highest  ai6ei  of  hi*  craiturei ;  for 
■■he  openelh  hii  hand  end  lupplieth  the 
»«nt!i  of  every  living  being." 

NodritlutBoding  the  aiie  of  the  Milky 
Wij,  and  the  immenw  nnmber  of  Etara  of 
Vhich  it  is  compofed,  it  is  noir  conaidered  a* 
nothing  more  tbaii  oiie  of  l-ie  Tttbulx,  or 
■Uny  tjBtema,  which  appears  to  be  dispersed 
Uinughout  the  uniTenc.  It  ia  aappoaed,  and 
with  aome  reeaon,  that  it  ia  the  netnila,  or  afr 
atmblage  of  atan,  in  which  our  auD  ii  placed. 
[la  ntuttian  in  thia  nebula  is  reckoned  lo  be, 
not  in  tbe  centre  of  ita  thickneaa,  but  rather 
t*>aid«  one  of  the  lidea,  neai  the  point  where 
According  to 
Fig.3a. 


this  hypotheais,  the  Milky  Way  la  lo  be  c(»- 

aidered  as  the  projection  of  the  nebula  upon 
the  concaTB  surface  of  the  aky,  aa  accn  fioni 
a  point  within  it,  "We  gather  thia,"  eays 
Sir  W.  Herschel,  "from  the  apperuance of  the 
galaiy,  which  seems  lo  encompaBx  the  whole 
beavena.  as  it  certainly  must  do  il  the  eun  i* 
within  the  lame ;  for  auppoee  ■  number  of 
■tars  arranged  between  two  parallel  planes 
indefinitely  eitended  eiery  way,  but  at  a 
given  conaideTable  distance  from  one  another, 
and  calling  this  a  mdereal  itralum,  an  eye 
placed  somewhera  within  it  will  see  all  the 
stars  in  the  direction  of  the  planes  of  the 
atnituca  projected  into  a  great  circle,  which 
will  appear  lucid  an  account  of  the  acciunu- 
latiOD  of  tho  atara,  while  the  rest  of  the 
heavens  at  the  ndes  will  oidy  seem  to  be 
scattered  over  with  corutetlatioiia,  more  or  len 
crowded,  according  to  the  distance  of  Ibj 
planes  or  number  of  stars  contained  in  the 
sides  of  the  stratum-" 

Thus  if  the  Bolor  ayatem 
be  supposed  at  S,  in  the 
middle  of  the  nebula  ab  c 
dift  with  two  brajiches,  a 
c,  b  e,  (fig.  38,)  the  nebula 
will  be  projected  into  a 
circle  A  B  C  O,  the  arches 
AB  C,AE  C,  being  the 
projection  of  the  branches 
a  e,  b  e,  while  tbe  Stan 
near  the  aides  oftho  atratum 
will  be  seen  acattered  oret 
tho  remaining  part  of  the 
heavens  among  the  spacem 
F,I,H,K,G.  If  the  eye 
were  placed  BomenbCTe 
without  the  atratum,  at  no 
very  great  distance,  the  ap 
pesrance  of  the  stars  with- 
in it  would  assume  tbe  form 
of  one  of  the  leaser  circles 
of  the  sphere,  nbich  would 
be  more  or  lew  contracted 
according  to  the  diatance  of 
tile  eye;  and  if  ibia  dis- 
tance were  exceedingly  in- 
creaaed,  the  whole  stratum 
mi^t  at  hut  be  drawn  to- 
gether into  a  lucid  spot  of 
any  shape,  according  to  the 
position,  length,  and  height 
of  the  stratum. 

In  order  to  determine 
those  pdnta,  Sir  W.  HeF- 
Bchel  put  in  practice  a 
method  which  he  colla  gaug- 
ing the  hettpfm.  whicli  cOD- 
sists  m  repeatedly  oounling 
tbe  number  of  aUra  in  the 
fielda  of  view  reiy  near  each 
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otlwi.l^whklrlwoliUinnlaiiKuiofthenum-   ma?  hiTe dnwn  ^ethw 'Jie  rest"  AguD — 

berofsMnintlutpBitofthelmvtnB.  Hetlun   "If  it  were  poMbln  to  dulingauh  betwoaa 

proceed*  on  Che  nippoBticHi  that  the  itan  mn 

equailf  Kmttered,  uicl  from  the  number  of  Ran  Fig>  39- 

in  any  part  of  the  hearena  he  deduna  lbs 

length  of  hia  vinuJ  is;,  or  the  dulsnco  (hrongh 

which   hia  tclcHope  had  penetrated,  or,   in 

other  words,  the  diatance  of  the  remoteat  atan 

in  that  paiticulai'  region  of  the  heamia.     To 

illoEtrate  thi^  let  ua  auppoae  the  Milk;  Wa; 

a  nebula,  and  that  Che  aun  ia  not  placed  in  its 

centre.    Then,  on  tbe  auppoaition  that  tha 

atan  are  nearly  equally  acattered,  it  ia  evident 

that  the  part  of  the  Milk;  Way  where  the 

■tars  are  the  moat  numeroua  extend  fnrtheat 

from  the  aun,  and  the  parts  where  they  are 


Proceeding  on  these  ground*,  Sir  W.  He> 
adid  found  the  length  of  his  visual  ray  for 
diflerent  parts  of  the  heaTpns.  In  Mine  caaea 
he  found  it  equal  to  497  limes  the  diatance 
cS  Sirios,  suppoaed  to  be  the  neamat  star,  as 
formerly  stated.  The  following  is  a  repte- 
■entalian  of  a  section  of  the  nebula  of  the 
Milky  Way,  sccording  to  hie  deUneation. 
This  section  is  one  which  makes  an  angle  of 
thirty-five  degrees  with  our  equator,  croiaing 
it  in  124^  and  304}  degreea.  A  celestial 
globe  adjusted  to  the  latitude  of  G%-five  de- 
gree* north,  and  hnvinff  r  Cdi  near  the  me- 
ridian, will  have  the  plane  of  this  section 
pointed  out  by  the  horizon.  If  the  solar 
system  (fig.  39)  be  al  S,  the  brightness  of  the 
Milky  Way  will  be  greatest  in  the  directiona 
Sa,Sb,  Up,  where  the  stara  that  intervene 
•re  most  numeroDS,  or  where  the  visual  rey 
ia  longcat.  In  the  laterd  directions  Sn,Stu, 
the  nebulonly  will  not  appear  from  the  small 
nambcT  of  interposing  star*,  and  the  atua, 
though  numeroua.  will  appear  more  acattered. 

In  the  diiedion  S  c,  on  account  of  the  open-  * 

mg  between  a  and  6,  there  will  be  an  emp^ 
■pace  ronlaincd  bctncen  the«e  two  branches 
where  the  nebulosity  is  not  observed,  as  is  the 
ease  in  the  Milky  Zone  between  u  t^oipfo  in 
the  south  and  y  Cygni  in  the  north,  a  length 
of  about  103  degrees.     The  stars  in  the  b<H- 
der,  which  are  marked  larger  thui  the  real, 
are  those  pointed  out  by  the  gau)^;  the  in- 
termediate parts  am  tilled  up  by  smaller  atan   the  parti  of  an  iitdeGnlielj  eitended  wbola, 
ananged  in  straight  linea  between  the  gauged   the  nebula  we  inhabit  might  be  said  to  be  one 
ones.     The  circle  around  iS  repmenta  an  ei-    that  has  fewer  marki  of  antiquity  than  any  of 
tent  about  ibrty  timea  the   distance  of  the    the  rest.     To  eiplain  thii  idea  more  clearly, 
nearest  liied  atan,  which  may  be  conaidered    we  ahould  recollect  that  tbe  condensation  of 
•a  comprehending  all  thoae  which  are  viable    ciuaters  ofstars  has  heenaacribcdto  a  giadnal 
to  the  naked  eye.  approach  i  and  whoever  reflects  on  the  num- 

"Fiom  ihia  figure."  aiys  Sir  W.Herschel,  ber  of  ages  that  must  have  peswid  before  some 
"  we  may  see  that  our  nebula  is  a  very  eitcn-  of  the  clustera  that  are  to  bo  found  in  my  in- 
rive  branching,  compound  congeiiee  of  fttony  tended  catalogue  could  be  so  &r  condensed  as 
miliimt  ofitat;  which  most  probably  owes  we  find  them  at  present,  will  not  wonder  if  I 
its  origin  Co  many  remark Hlily  Urge,  as  well  ascribeacertuinairof youth  andvigDnrtoiciT 
■s  prcUy  closely  scaCCared   sinsll   Stan,  that    miiny  regularly  acatt^ed  regiooa  of  our  aid*- 
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ntl  stntom.    There  are,  moreover,  many  cfaanges  which  happen  among  the  immense 

plac^  in  it  in  which,  if  we  may  judge  from  aasemblages  of  matenal  existence  which  con- 

•ome  appearances,  there  is  the  greatest  reason  stitute  the  uniTOrse.    Thete  is  a  high  degree 

to  beliBve  that  the  stan  are  drawing  towards  of  probability  that  eyery  thing  within  the 

seoondaiy  centres,  and  will  in  time  separate  materia]  system  is  liable  to  change  of  one 

mto  dusten  so  as  to  occasion  many  subdivi-  kind  or  other,  and  that  there  is  no  sun  nor 

sons.     Oar  system,  after  numben  of  ages,  world,  among  all  the  myriads  of  globes  which 

may  Teiy  possibly  become  divided  so  as  to  replenish  the  sidereal  heavens,  but  what  is 

give  riec  to  a  stratum  of  two  or  three  hundred  actually  in  f7io^Mvi,--and  moving,  too,  with 

nebula ;  ibr  it  would  not  be  difficult  to  point  a  velocity  which  the  inhabitants  of  such  a 

out  8o  many  beginning  or  gathering  clusters  world  as  ours  can  scarcely  appreciate ;  and 

in  it.     This  throws  considerable  light,  upon  such  motions,  in  the  course  of  ages,  may  be 

'that  remarkable  collection  of  many  hundreds  productive  of  a  vast  diversity  of  sceneiy  in 

of  nebulae  which  are  to  be  seen  in  what  I  have  different  regions  of  the  universe.    And  if  so, 

called  the  nebulous  Btratum  in  Coma  Bere-  it  presents  to  view  another  instance  of  that 

nices.     It  appears  from  the  branching  and  ex-  variety  which  the  Creator   has  introduced 

tended  figure  of  our  nebuls,  that  there  is  into  his  vniverBal  kingdom  to  gratify  the  un- 

room  for  the  decomposed  small  nebuls  of  a  bounded  desires  of  intelligent  beings. 

large  rednced  former  great  one  to  approach  I  shall  conclude  this  chapter  with  the 

nearer  to  us  in  the  sides  than  in  any  other  following  description  of  the  Milky  Way,  which 

parts."    ....**  Some  parts  of  our  system  Sir  John  Herschel  has  published  since  his 

seem  indeed  already  to  have  sustained  greater  residence  in  the  southern  hemisphere : — ^*^  The 

ravages  of  time  tlmn  others ;  for  instance,  in  -general  aspect  of  the  southern  circumpolar 

the  body  of  the  Scorpion  is  an  opening,  or  region — including  in  that  expression  sixty  or 

hole,  which  is  probably  owing  to  this  cause,  seventy  degrees  of  south-polar  distance — ^isina 

It  is  at  least  finir  degrees  broad/ but  its  height  high  degree  rich  and  magnificent,  owing  to  the 

I  have  not  yet  aacertained.    It  is  remaricable  superior  brilliancy  and  larger  developement 

that  the  60th  nebula  of  the  Connoiaeanee  dia  of  the  Milky  Way,  which  from  the  constelle- 

TempSy  which  is  one  of  the  richest  and  most  tion  of  Orion  to  that  of  Antinous  is  in  a  blaze 

oompraned  clusters  of  small  stars  I  remember  of  light,  strangely  interrupted,  however,  with 

to  have  seen,  is  ntuated  just  on  the  west  bor>  almost  starless  patches,  especially  in  Scorpio, 

der  of  it,  and  would  almost  authorize  a  sua-  near  a  Centauri,  and  the  Cross ;  while  to  the 

picion  that  the  stare  of  which  it  is  composed  north  it  fiides  away  pale  and  dim,  and  is  in 

were  collected  firom  that  place,  and  had  left  comparison  hardly  traceable.    I  think  it  is 

the  Tacancy."  impossible  to  view  this  splendid  zone,  with  the 

The  remarks  hi  the  above  paragraph  I  astonishingly  rich  and  evenly  distributed  fiinge 

present  to  the  reader  merely  as  the  opinions  of  stare  of  the  third  and  fourth  magnitudes — 

of  an  illustrious  astronomer  and  an  indefiiti-  which  form  a  broad  skirt  to  its  southern  bov- 

gable  observer  of  oelestia]  phenomena,  with-  der,  like  a  vast  curtain — without  an  impree- 

oot  Touching  for  the  accuracy  or  probability  of  sion  amounting  almost  to  a  conviction,  that 

such  speculations  and  hypotheses.    To  de-  the  Milky  Way  is  not  a  mere  stratum,  but  an 

termine  the  reahty  of  such  changes  in  bodies  armulue  ;  or  at  least  that  our  system  is  placed 

so  numerous  and  so  distant,  would  require  an  within  one  of  the  power  or  almost  vacant  parts 

indefinite  lapse  of  ages ;  yea,  perhaps  the  re-  of  its  general  mass,  and  that  eccentrically,  so 

volutions  of  eternity  are  alone  sufficient  for  as  to  be  nearer  to  the  p^rts  about  the  Cross 

determining   the    sublime    movements  and  than  to  that  diametrically  opposed  to  it." 


CHAPTER  XL 

On  Groups  and  dusters  of  Stars. 

Ojt  a  cuTBOi^'viewof  the  heavens,  the  stan  observer,  and  lead  to  the  conclusion  that  the 

appear  to  be  very  irregularly  scattered  over  stara  of  which  they  are  composed  have  been 

the  concave  of  the  firmament  In  some  places  brought  together  by  some  general  law,  and 

a  considerable  interval  appean  between  neigh-  not  by  mere  casual  distribution.     Of  these, 

bouring  stars,  while  in  othen  they  appear  so  the  group  called  the  Pleiades,oir  Seven  Stan, 

cruwded  that  tiie  eye  can  with  difiiculty  per-  is  ^e   most  obvious  to  common  observers. 

ceive  the  spaces  between  them.    Even  to  the  This  group  is  situated  in  the  constellation 

unassisted  eye,  there  are  certain  groups  of  this  Tauras,  about  14^  to  the  westward  of  the 

m  which  strike  the  attention  of  eveiy  star  Aldebaran  (su  Plate  L,)  and  may  be  seeu 
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every  dear  evening  from  the  end  of  August  to  one  that  this  diatribationwas  the  nanlt  oi 
till  the  middle  of  April.*  It  is  geneiallj  dengn,  or  that  there  la  a  reason  or  caaae  io, 
Ireckoned  that  only  nx  stars  can  l>e  distinctly  such  an  assemblage." 
counted  in  this  group  by  common  eyes,  but  The  constellation  called  Coma  Berenices  it 
that  originally  they  connsted  ofeeven,  which  another  group,  more  diflfused  than  the  Plei- 
eyeiy  one  could  easily  perceive,  and  it  has  ades,  tehidi  consists  chiefly  of  small  stars 
therefore  been  conjectiued  that  one  of  them  has  which  can  scarcely  be  distinguished  in  the 
long  since  disappeared.  To  this  dreomstanoe  presence  of  the  moon.  This  beautiful  dost«r 
Ovid,  who  lived  in  the  time  of  our  Saviour,  lies  about  five  degrees  east  of  the  oquinordal 
alludes  in  these  lines :  oolure,  and  midway  between  the  star  Cor 
«  Now  rlM  the  PMad-,  tbose  nymphs  to  fair  Caroli  on  the  north-east,  and  Denebola,  in 
OfiC€  seven  numbered,  now  but  six  there  are."f  the  Lion's  tail,  on  the  south-west.  If  a 
In  fabulous  history  it  is  said  that  the  Pleia-  •tmight  line  be  drawn  firom  Benetnaseh — the 
des  the  star  Merope,  one  of  the  AUantides,  ap-  Btar  at  the  extremity  of  the  tail  of  the  Great 
pears  mote  dun  and  obscure  than  the  rest,  or  Bear — through  Cor  Caroli,  and  produced  to 
is  altogether  extinquished,  because  as  the  Denebola,  it  will  pass  through  this  duster.  It 
poets  fancy,  she  married  a  mortal,  while  her  inay  «l«o  bo  distinguiriied  as  situated  about 
nsters  married  some  of  the  gods  or  their  de-  twentynrix  degrees  west  by  north  from  the 
soendants.  Dr.  Long,  however,  declares  that  bright  star  Arcturus.  The  confused  lustre 
he  himself  had  more  than  once  seen  seven  ^  this  assemblage  of  small  stan  bears  a  cer* 
stars  in  this  group;  and  a  learned  astronomi-  tain  resemblance  to  that  of  the  Milky  Way, 
cal  fiiend  assured  him  that  he  had  seen  eight  &Q<^  besides  the  stars  of  which  it  is  chiefly 
stars  among  the  Pleiades,  where  common  eyes  composed,  it  contains  a  number  of  nebnbe. 
can  discover  but  six ;  and  Kepler  says  of  his  Sir  W.  Heiachel  supposes  that  the  stzatum 
tutor  MiBstlmus,  that  **  he  could  reckon  four-  of  nebulie  in  this  quarter  runs  out  a  very  con- 
teen  stars  in  the  Pleiades  without  any  glasses."  •iderable  way,  and  that  it  may  even  make  the 
This  difference  in  the  number  seen  by  difler-  circuit  of  the  heavens,  though  not  in  one  of 
ent  persons  in  this  group  is  obviously  ow-  the  great  dreles  of  the  sphere.  He  also  rop- 
ing to  the  different  degrees  of  acuteness  of  P**®"  that  the  situation  of  the  stratum  is 
vision  possessed  by  the  respective  mdividuals.  nearly  at  right  angles  with  the  great  sidereal 
However  small  the  number  perceived  by  the  "tn^m  in  which  the  sun  is  placed,  that  the 
naked  eye,  the  telescope  shows  them  to  be  a  Coma  itself  is  one  of  Ae  dusters  in  it,  and 
pretty  numerous  assemblage.  Dr.  Hook,  that  it  is  on  account  of  its  nearness  that  it  ap- 
formerly  professor  of  geometry  in  Gresham  P©*™  to  be  so  scattered.  He  apprehends  thai 
College,  informs  us  that,  directing  his  twelve-  the  diie<^on  of  it  towards  the  north  lies  pre- 
fect telescope  (which  could  magnify  only  bably,  with  some  windings,  through  the  Great 
about  seventy  times)  to  the  Pleiades,  he  did  ^^'^  onwards  to  Cassiopeia,  thence  through 
in  that  small  compass  count  seventy-eight  th®  girdle  of  Androm^a  and  the  Northern 
stars;  and  making  use  of  longer  and  more  ^"^  proceeding  towards  Cetus;  while  Uh 
perfect  tclescopea,  he  discovered  a  great  many  ^^^'^  the  south  it  passes  through  the  Virgin, 
more  of  diflerent  magnitudes.  probably  on  to  the  tail  of  Hydra  and  Cen- 

The  ingenious  Mr.  Mitchell,  more  tiian  fifty  taurus. 
years  ago,  started  the  idea  of  the  stars  being^       Another  group,  somewhat  similar,  but  lev 
formed  into  groups  or  systems  which  are  en-  definite,  is  found  in  the  constellation  of  Can- 
tirely  detached  from  one  another,  and  have  <*r;  it  is  called  PrBBtepe,  or  the  Bee  Hive, 
no  immediate  connexion.    In  reference  to  the  ■**^  "  •  nebulous  duster  of  very  minute  stan, 
Pleiades,  he  conducted  his  reasomng  as  fol-  ^^  separately  distinguishable  by  the  naked 
lows :— *'  The  Pleiades  are  composed  of  six  «y«-    ^  telescope  of  very  moderate  power, 
remarkable  stars,  which  arc  placed  in  the  however,  easily  resolves  it  into  small  stars.  It 
midst  of  a  number  of  others  that  are  all  be-  ^  wffidently  luminous  to  be  seen  as  a  nehu- 
tween  the  third  and  sixth  magnitudes ;  and  ^^'  ■!*<*  by  the  unassisted  eye,  and  is  some- 
comparing  this  number  six  with  tiie  whole  ^^at  like  the  nudeus  of  a  comet,  for  which  it 
number  visible  m  the  heavens  to  the  naked  *^  frequently  been  mistaken  by  ordinary  oK 
eye,  he  calculated,  by  the  doctrine  of  chances  "ervcrs.    It  is  situated  m  a  triangular  position 
that  among  all  tiiis  number,  if  tiiey  had  been  '^th  regard  to  Castor  and  Procyon,  or  the 
dispersed  arbitrarily  tiiroughtiie  celestial  vault,  LitUoDog.    A  line  drawn  from  Procyon  in 
it  was  about  five  hundred  millions  to  one  that  ■  north-easterly  direction  meets  wiUi  Pneeepe 
fix  of  them  should'be  placed  together  in  so  **  *^®  distance  of  twenty  degrees.    This  line, 
■man  a  space.  It  is  tiiereforo  so  many  chances  ^™^^  ^  *  nortii-westerly  direction  from  Pr^ 
*  .  .  1        II        «.w   i>.  1  J     i      ,,,..,  "epe,  meets  Castor  at  the  same  distance 
to  ,h*Am"Sta''*'' ""'''"•'•''•■ ''•*'*""'  The«  line,  fonn  neriy  .  right  URle.  th. 
f^QusMpiem  diet,  sex  umen  esse  solem.*'  angular  point  being  in  Prnsepe.    It    mmy 
(60«) 
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cdtaiwisebediacaTeTedbjmeanioftwo  Btan  of  ll(),I}ua  Tiew  tras  rendsml  Btill  more  bnl- 

of  the  fbailh  nngnituile  lying  mie  on  either  liant.     SeTeisl  Gelds  of  view,  nearly  of  thii 

nde  of  it  at  the  dutance  of  sboat  two  degrees,  deacription,  mi;  be  perceited  in  this  duster. 

It  [Day  likewise  be  found  by  conceiring  ■  line  Fig.40  lepresentaoneof  these  viem,inwUcb 

dntwn  through  Cut'ir  and  P'>llui  to  the  south-  some  of  the  imsllcr  stsn  lire  omtlted.    This 

(•it,  and  continued  about  fifteen  degrees,  or  view  ttds  taken  with  the  3  j  feet  lelesct^, 

three  time*  the  distance  between  Castor  uid  having  an  erect  eye-piece.     Ti^  configura' 

PoDoi.   Thischuter.SirW.Hersche]  thinks,  tiona  appear  somewhat  diSerent  in  their  rels- 

tieloaga  to  a  certain  nebaloua  stratum   so  tions  to  each  other  when  viewed  with  an  in- 

pUoed  as  lo  lie  nearest  as.    This  stratum  verting  eye-piece. 

mna  from  i  Caacri  towards  tha  south,  orer  Another  duster  is  fbund  in  the  sword-ban- 

Ihe  67th  nebula  of  the   Coimoiitanct  de»  die  of  Ftranii,  whidi  is  crowded  with  stars 

Timpt,  which  is  a  very  beautiiid  and  much  of  a  smaller  aiie  than  in  the  clusters  already 

compreased  cluster  of  stars,  easily  la  be  seen  noticed,  and  which  requires  a  telescope  c^ 

bj  any  good  telescope,  and  in  which  he  has  greater  power  to  resolve  them  and  show  them 

obaerved  sbore  200  stin  at  once  in  the  field  separated  from  each  other.     Feiseus  i»  one 

of  view  of  bis  great  reOoctor,  with  a  power  of  of  the   noithem    circompolsr   constcnations, 

157-     This  cluster  appearmg  so  plainly  with  nearly  opposite  to  the  three  stars  in  the  tail 

any  good  common  telescope,  and  being  so  of  the  Great  Bear.    A  line  drawn  from  these 

near  to  the  one  which  may  be  seen  with  the  stars  through  the  Pole-star  meets  the  sword 

naked  eye,  denotes  it  to  be  probably  the  next  and  head  of  Perseus  at  nearly  an  eqnaj  dis- 

m  distoncs  lo  that  within  the  quartile  formed  tance   on   the   opposite  ode.    It  is  directly 

hj  y  S  ti  6.    From  the  STth  nebula,  the  stra-  north  of  the  Pleiades,  between  Andromeda 

torn  of  Cancer  proceeds  towards  the  head  of  and  Aunga.     The  sword  is  in  the  neighboUT- 

Bydn.  hood  of  Cassiopeia.     A  line  drawn  from  At- 

I  have  seldom  ctmtemplated  a  more  bril.  gmib,  the  brightest  star  in  this  constellation, 

liant  Bud  beautifiil  view  in  the  heavens  than  to  the  middle  of  Cassiopeia,  passes  Ihrou^ 

Onei^  the  fields  of  view  of  this  cluster  of  stars,  the  sword-handle  where  the  cluster  is  situated, 

With  a  3j  feet  achrotnatie,  and  a  power  of  which  is  about  midway  between  these  two 

93, 1  have  counted  from  Gt^y  to  sevcn^  stars,  objects. 

Fifteen   or  twenty  of  the  most  britiiant  of  If  the  lowermost  of  the  three  small  stara 

these  presented  beautiful  configurations:  one  which  form  the  avord  of  Orion  be  viewed 

lit  them  was  an  equilateral  triangle  ;  another,  with  a  good  telescope,  a  beautifiil  coniigura- 

an  isoseelus;  a  tlurd,  nearly  of  the  figure  of  lion  of  stars  will  be  perceived.     Fig.  41'  re- 

a  cone  ;  a  fbuith.  parallel  lines,  Ac.     In  more  presents  the  principal  stars  comprehended  in 

than  two  instances,  three  brilliant  cqui-distant  one  Geld  of  view  at  this  point,  as  taken  with 

Stan  appeared  in  a  straight  line,  similar  to  a  six  feet  and  a  half  telescope,  with  an  in- 

Iha  belt  of  Orion,  while  a  considerable  nam-  verting  eye-piece,  magnifying  110  times;  it 

Icr  of  the  remaining  stars  appeared  extremely  eihibita  a  distant  re«emManc«  of  the  wt^ 

Fi«. «.  Fig.  41.» 


■mH    With  A  6J  bet  achromatic  "boss   oonatellation  of  Orim  as  seen  bj  dw  naked 

ohiec' elsss  is  4  inches  diameter,  and  a  power   eye.    But  in  the  neighbouAood  of  certain 
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partfl  of  the  Milky  Way,  particularly  about  the  which  it  is  composed  appear  more  and  mn 
regions  in  the  vicinity  of  the  star  AUair  and  acnimalated  towards  the  centre, 
in  the  constellation  Cassiopeia,  the  stars,  Many  such  clusters  are  found  in  the 
though  smaller,  are  much  more  numerous,  heayens  invisible  to  the  nsJced  eye,  and.whose 
With  a  veiy  moderate  power  on  the  above  existence  as  dim  specks  of  light  can  only  be 
menf iontd  telescope,  I  have  had  fields  of  view  recognized  by  the  assistance  <^  optical  inetni- 
of  from  fifty  to  a  hundred  stars,  some  of  them  ments.  Telescopes  of  moderate  power  exhibit 
beautifully  arranged,  and  such  fields  conti-  them  only  as  small  round  or  oval  speck% 
nued  over  a  space  of  several  degrees.  somewhat  resembling  comets  without  tails ; 
The  above  may  be  considered  as  speci-  but  when  these  objects  are  examined  with 
mens  of  groups  of  stars,  which  every  one  pos-  telescopes  of  great  power,  **  they  are  then  "  as 
sessed  of  telescopes  may  easily  examine  for  Sir  John  Herschel  remarks,**  for  the  most  part, 
himself.  They  form  very  beautiful  objects  for  perceived  to  consist  entirely  of  stars  crowded 
exhibiting  to  young  people  and  to  amateurs  together  so  as  to  occupy  almost  a  definite  oat- 
in  astronomy ;  and  it  cannot  but  strike  the  line,  and  to  run  up  to  a  blaze  of  light  in  the 
mind  with  wonder  and  admiration  to  behold,  centre,  idiere  their  condensation  is  usually 
in  one  point  of  view,  within  a  space  little  the  greatest"  **  Many  of  them,  indeed,  are 
more  than  that  of  the  (mt'fifik  of  the  appa-  of  an  exactly  round  figure,  and  convey  the 
rent  size  of  the  moon,  nearly  a  hundred  re-  complete  idea  of  a  globular  space  filled  full  of 
splendent  suns  emitting  their  effulgence  from  stars,  insulated  in  the  heavens,  and  consti- 
regions  immeasurably  distant,  and  arranged  tuting  in  itself  a  family  or  society  apart  fitim 
in  beautiful  efymmetry  and  order — a  scene  of  the  rest,  and  subject  to  its  own  internal  lawL 
creating  power  surpassing  in  grandeur  ten  It  would  be  a  vain  task  to  attempt  to  count 
thousand  worlds  such  as  oure,  and  in  which  the  stars  *in  one  of  these  globuUtr  chtten, 
our  whole  planetary  system  would  appear  They  are  not  to  be  reckoned  by  hundreds; 
only  as  the  smallest  twinkling  star.  Such  and  on  a  rough  calculation,  grounded  on  the 
telescopic  views  of  the  nocturnal  heavens  apparent  intervals  between  them  at  the  bor- 
have  a  tendency  to  expand  the  capacity  of  ders  (where  they  are  seen  not  projected  on 
the  soul,  to  inspire  it  with  magnificent  con-  each  other)  and  the  angular  diameter  of  the 
ceptions,  and  to  raise  its  afiections  above  the  whole  group,  it  would  appear  that  many  das- 
low  ambition  and  paltiy  concerns  of  this  tran-  ters  of  this  descnption  must  contain  at  least 
sitory  scene  to  the  distant  and  more  magnifi-  ten  or  twenty  thousand  stars,  compacted  and 
cent  scenes  of  the  Divine  empire.  To  the  wedged  together  in  a  round  space,  whose  an- 
devout  and  contemplative  philosopher  the  fol-  gular  diameter  does  not  exceed  eight  or  ten 
lowing  lines  of  the  poet  may  be  applied :  minutes— that  is  to  say,  in  an  area  not  mofe 

"  Not  to  thi.  evaneteent  speck  of  earth  *^^  ?,  *®i^  P*^  ^^  **^* .  ^'^  ^  ^ 

Poorly  confined— the  radiant  tracks  on  high  moon."     The  stars  composing  SDch  clusten 

Are  his  exalted  range ;  Intent  to  gaze  appear  to  form  a  system  of  a  peculiar  and 

gf^t'lUnrnf  ir.de«  ^'»^r .^^^^^  *^  <*««?«•  "P^  rouml  figun,  cle«j 

OfthesoleBeingrighttWhospoke  the  word,  ly  indicates  the  existence  of  some  general 

And  Nature  moved  complete.'*  bond  of  union  in  the  nature  of  an  attrMtiTe 

Thomsos's  Sumwier,  ^^^  ^^  ^  ^^^^  ^  ^^^  ^^  is  an  evi- 

Sir  W.  Herschel  makes  a  distinction  be-  dent  acceleration  in  the  rate  of  condoisatian 

tween  grtmps  and  ckuters  of  stars.    A  groiqp  as  we  approach  the  centre,  which  is  not  refer- 

is  a  collection  of  stars  closely  and  almost  able  to  a  merely  uniform  distrttration  of  eqni- 

equally  compressed,  and  of  any  figure  or  out-  distant  stars  through  a  globular  space,  but 

line.    There  is  no  particular  condensation  of  marks  an  intrinsic  density  in  th^  state  of 

the  stars  to  indicate  the  existence  of  a  central  aggregation,  greater  at  the  centre  than  at  die 

force,  and  the  groups  are  sufficiently  separated  suriaoe  of  the  mass." 
from  neighbouring  stars  to  show  that  they  fonn       Let  the  reader  pause  for  a  moment  on  the 

peculiar  systems  of  their  own.    According  to  object  now  described,  and  consider  the  glimpse 

this  definition,  the  congeries  of  stars  I  have  it  afiS)ids  us  of  the  immensity  of  the  universe, 

pointed  out  above  are  to  be  considered  as  be-  and  of  the  innumerable  globes  of  light  with 

longing  to  the  class  of  groups.     Clusters  of  which  it  is  replenished.   A  point  in  the  finos- 

stars  differ  from  groups  m  their  beautiful  and  ment,  scarcely  perceptible  to  the  unasaf^ed 

artificial  arrangement    Their  form  is  gene-  eye,  which  a  common  telescope  shows  only  is 

rally  round,  and  their  condensation  is  such  as  a  small  dim  round  speck,  yet  is  found  hj 

to  produce  a  mottled  lustre  somewhat  resem-  powerful  instruments  to  consist  entirely  of 

bling  a  .lucleus.    The  whole  appearance  of  stars  to  the  number  often  or  twenty  tkouHondl 

a  cluster  indicates  the  existence  of  a  central  And  at  what  a  distance  must  such  a  cluster 

force,  residing  either  in  a  body  or  in  the  centre  be  when  its  stars  appear  to  be  blended  iiia 

of  gravity  of  the  whole  system.    The  stars  of  projected  one  upon  another,  hundreds  of  'Jiea 
(604) 
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•ppeviog  only  like  a  lucid  point !  and  jet  the  are  of  the  thiid  magnitudoi  and  lie  north  and 
difllanoe  between  any  two  of  them  is  perhaps  south  of  each  other,  at  the  distance  of  seren 
ten  thousand  times  greater  than  that  of  Saturn  degrees  and  a  third ;  they  come  to  the  meri- 
from  our  globe.  From  such  a  region  even  dian  about  the  middle  of  July,  at  nine  o'clock 
fig^t  itself  must  take  many  thousands  of  years  in  the  evening,  but  of  course  may  be  seen  at . 
ere  it  can  reach  our  world.'  In  this  almost  in-  many  other  periods  of  the  year,  particularly 
visible  point,  whidi  not  one  out  of  fifty  thou-  in  the  spring  and  autumn.  The  star  r^  lies 
Mndf  or  even  one  out  of  a  million  of  earth's  about  twenty-two  degrees  nearly  due  west 
inhabitants  has  yet  perceived,  what  a  scene  from  the  bright  star  Vega  or  a  Lyne.  In  the 
of  grandeur  and  beneficence  may  be  displayed;  map  of  the  stars  on  Plate  II.  it  is  marked  with 
and  what  a  confluence  of  suns,  and  systems,  the  letter  a,  and  the  star  ^  below  it  with  the 
and  worlds  and  intelligences  of  various  orders,  letter  &.  The  cluster  is  somewhat  nearer  to 
may  exist,  displaying  the  power  and  wisdom  «,  or  the  upper  star,  than  to  the  other.  It  is 
and  goodness  of  the  great  Father  of  all !  just  perceptible  to  the  naked  eye,  and  with  a 
fiveiy  circumstance  connected  with  such  an  telescope  of  small  power,  such  as  a  common 
object  shows  that  its  distance  must  be  im-  **  night  and  day  telescope,"  it  appears  like  a 
measurably  great,  and  consequently  the  lumi-   small  round  comet 

naries  of  which  it  is  composed  immense  in  The  following  is  a  list  of  the  places  of  six 
magnitude.  But  suns  of  such  size  and  spien-  of  the  principal  clusters  of  this  description, 
dour  cannot  be  supposed  to  be  thrown  together  whidi  may  be  considered  as  specimens  of 
at  random  through  the  regions  of  infinity,  these  remarkable  objects : 
without  any  ultimate  design  worthy  of  the  1.  Right  ascension,  IS*!  !(/ ;  north declina^ 
Creator,  or  without  relation  to  the  enjoyments  tion,  2°  44'.  This  cluster  lies  about  eight 
of  intelligent  existence ;  and  therefore  we  may  degrees  south-west  from  Vhuk,  the  principal 
reasonably  conclude  that  ten  thousand  times  star  in  the  Serpent,  and  comes  to  the  meridian, 
ten  thousands,  and  myriads  of  myriads  of  ex-  about  the  middle  of  June,  at  nine  o*dook  in 
alted  intelligences  exist  in  that  far  distant  re-   the  evening. 

gion,  compared  with  the  number  of  which  all  2.  Right  ascension,  13^  34' ;  north  decli- 
tiie  inhabitants  of  our  globe  are  but  "  as  the  nation,  39^  16' ;  between  the  tail  of  Chara 
drop  of  a  bucket,  or  as  the  small  dust  of  the  and  the  thigh  of  Bootes,  about  twelve  degrees 
balance.'*  north-west  of  Arcturus,  nearly  on  a  line  be- 

In  short,  in  this  dim  and  almost  impercepti-  tween  that  star  and  Cor  CaroU,  but  nearer 
bb  spedL  we  have  concentrated  a  confluence   Arcturus. 

of  suns  and  worlds,  at  least  ten  times  surpass-       3.  Right  ascension,  13**  6' ;  north  dedina- 
ing  in  sze  and  splendour  the  sun,  moon,  and   tion,  19^  y ;  in  Coma  Berenices,  fourteen  de- 
pbnets,  and  all  the  stars  visible  to  the  naked   grees  west  by  south  of  Arcturus.    A   line 
eye  throughout  all  the  spaces  of  our  firma-   drawn  fix}m  Arcturus  through  n  Bootes  meets 
ment!    What  then  must  be  the  number  and   this  cluster  at  somewhat  more  tnan  double  the 
magnitude  of  all  the  other  clusters  which  the   distance  of  these  two  stars, 
telescope  has  brought  to  view?   what  the       4.  Right  ascension,  17^  29';  south  decli- 
nnmber  of  those  which  he  beyond  the  limits   nation,  3°  8' ;  between  the  stars  y  and  fi  of 
of  human  vision  in  the  unexplorable  regions  of   Serpcntarius,  but  nearer  to  the  latter, 
immensity?   and  what  must  the  UNivsass       5.  Right  ascension,  2Ii>  2^;  south  decli- 
itself  be,  of  which  all  those  numerous  stany   nation,  1°  34' ;  in  Aquarius,  about  2  degrees 
systems  are  but  an  inconsidemble  part?  Here   north  of  ij  in  the  west  shoulder,  nearly  in  a 
Uie  human  faculties  are  completely  lost  amidst   line  with  §  Pcgasi  or  Enif. 
the  immensity  of  matter,  magnitude,  motion,       6.  Right  ascension,  21'*  22';  north  declina* 
and  intelligent  existence,  and  we  can  only   tion,  11°  26'.    This  cluster  ties  north  from 
exdaim,  **  Great  and  marvellous  are  thy  works.   No.  5,  at  the  distance  of  thirteen  degrees,  and  - 
I^onl  God  Abnighty  !*'  about  three  or  four  degrees  north-west  of  the 

Piguie  41  represents  a  view  of  one  of  the  star  Enif,  or  «  PegasL 
diisten  alluded  to  above,  as  seen  in  the  twenty-  Such  are  a  few  specimens  of  compressed 
feet  refiector  at  Slough.  Sir  J.  Herscliel,  who  dusters  of  stars.  Sir.  W.  Herachel  has  given 
has  given  a  ddineation  of  it  in  his  <*  Treatise  a  catalogue  of  more  than  a  hundred  of  such 
on  Astronomy/'  says  **  it  represents^  some-  clusters  difipersed  over  different  parts  of  the 
what  rudely,  the  thirteenth  nebula  of  Mes-  heavens,  many  of  which  require  powerful 
tier's  list,  described  by  him  as  nebuleuse  aant  telescopes  to  resolve  them  into  stars.  These 
doiki,^^  Its  right  ascension  is  IB**  36' ;  clusters  may  be  considered  as  so  many  dis- 
•nd  its  north  declination,  36°  46' ;  by  which  tinct  ftrmamertt»i  distributed  throughout  the 
its  place  may  easily  be  found  on  a  celestial  spaces  of  imroensi^,  each  of  them  comprising 
(k)be.  It  is  situated  on  the  consteUation  Her-  within  itself  an  assemblage  of  stars  fair  more 
coles,  between  the  stare  R  and  ^.    These  stars   numerous  than  what  appears  to  the  vulgar 
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eye  tfiroaglioQt  the  whole  face  of  our  noctar-  aro  surrounded — another  instance  of  that  «a 

nal  sky.     To  those  mtelligences  that  reside  rieiy  which  distinguishes  all  the  scenci  of 

near  the  centre  of  such  clusters,  the  stars  con-  creation.    Scarcely  any  other  star  will  be  tisi- 

nected  with  their  own  cluster  or  system  will  ble  except  those  which  belong  to  their  own  eys- 

be  those  which  they  will  chiefly  behold  in  tem.    If  the  magnificent  system  of  stars  with 

their  sky ;  and  in  those  clusters  which  are  of  which  our  sun  is  connected  be  at  all  visible, 

a  globular  form,  the  stars  will  appear  nearly  It  will  only  appear  like  a  dim  and  inconaider- 

e(^ially  dispersed  Oyer  the  fiice  of  their  firms-  able  speck  in  the  remote  regions  of  imnieDntj, 

ment.    In  those  stany   assemblages  which  or  as  a  small  cluster  or  nebula,  such  as  thoM 

show  a  great  compression  about  the  centre,  we  perceive  with  difficulty  through  our  tele> 

an  immense  number  of  stars  of  the  first  mag-  scopes.    Such  are  the  grand,  the  diverofied. 

nitude  will  decorate  their  sky,  and  render  it  and  wonderful  plans  of  the  Creator  through* 

(u  more  resplendent  than  that  with  which  we  out  his  vast  and  boundless  uniTerse. 
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CHAPTER  Xn. 

On  tht  Different  Orders  cf  the  NdiukD. 

SacTioir  I.  shall  we  say  if  this  vast  assemblage  of  itan 

systems  be  found  to  be  no  more  than  m^ 

General  Remarks  on  the  Subject  of  Nebulae,  nebula,  of  which  several  thousands,  peiha{ 

even  richer  in  stars,  have  already  been  di 

Thx  further  we  proceed  in  our  researches  covered !  and  that  it  bean  no  more  proportic 

mto  the  sidereal  heavens,  the  scene  of  Great-  to  the  whole  of  the  sidereal  heavens  aroim 

ing  Power  and  Wisdom  becomes  more  ex-  ub,  than  a  small   dusky  speck  which  our  teli 

pansive  and  magnificent.    At  every  step  of  scopes  enable  us  to  descry !    Yet  such  is  th 

our  progress  the  prospect  enlarges  far  beyond  conclusion  which  we  are  led  to  deduce  froi 

what, we  had  previously  conceived;  the  mul-  the  discoveries  which  have  been  lately  mad 

titude  and  variety  of  its  objects  are  indefinitely  respecting  the  difierent  orders  of  the  nebula 

increased ;  new  suns  and  new  firmaments  of  which  I  shall  now  proceed  to  give  a  brk 

open  to  view  on  every  hand,  overwhelming  description. 

the  mind  with  astonishment  and  wonder  at       The  word  nebula  literally  signifies  a  cibuo 

the  inunensity  of  Creation,  and  leaving  it  no  or  mist  This  name  is  now  used  in  astronom; 

room  to  doubt  that,  after  all  its  excursions,  it  to  denote  certain  small    spots,  resemblin: 

has  arrived  only  at  "  the  frontxers  of  the  Great  whitish  clouds,  which  are  seen  in  the  stsrr 

Jehovah's  kingdom.*'     Wherever  we  turn  our  hl^avens  by  the  telescope,  and  which  presec 

eyes  amid  those  higher  regions;  infinity  ap-  diflferent  lands  of  appearances,  either  that  o 

pears  to  stretch  before  us  on  either  hand^  and  single  stars  enveloped  in  a  nebulous  veil,  c 

countless  assemblages  of  the  most  resplendent  of  groups  of  small  stars,  or  only  the  appea. 

objects  are  every  where    found  diversifyng  ance  of  a  shining  or  glittering  cloud :  whic 

the  tracts  of  immensity.    To  investigate  such  last  are  the  nebuls  properly  so  called.    Tt 

objects  in  relation  to  dieir  number,  magnitude,  following ''are  some  general  observations  c 

modon,  and  the  laws  by  which  they  are  united  the  Nebuls  by  Sir  William  Henchel    Tl 

and  directed  in  their  movements,  completely  success  which  accompanied  the  observati<K 

baffles  the  mathematician's  skill,  and  sets  all  of  this  eminent  astronomer  in  reference  to  tl 

his  hitherto  acquired  powers  of  aiudysis  at  Milky  Way,  induced  hi™  to  turn  his  ta' 

defiance,  and  demonstrates  that  we  are  still  in  scope  to  the  nebulous  parts  of  the  heavens, 

the  infancy  of  knowledge  and  of  being.  Here,  which  an  accurate  list  had  been  published  in  t 

all  finite  measures  Sail  us  in  attempting  to  Connousanee  dee  Temps'*  for  1783  and  17t 

scan  such  amazing  objects,  and  to  penetrate  Most  of  these  yielded  to  a  Newtonian  reflect 

into    such  unfathomable  recesses ;    length,  of  20  feet  fiscal  distance,  and  12  inches  apt 
breadth,  depth,  and  height,  and  time  and  space,       .  .    . 

at  the  amazmg  grandeur  of  the  Milky  Way,  siffniAestAe  knvwUdg*  tf  thu;    It  !■  ibe  titl« 

where  suns  and  worlds  are  counted  by  xi]>  an  Almanac,  or  aatronomtcal    epbemerte,    pu 

tiowa      When  pxninrinir  it«  i1imnn«nna  anH  Hahed  at  Paria,  on  nearly  the  aame  plan  aa  tl 

Liows.     vynen  exploring  Its  dimensions  and  ..pjaalical    Almanac."  puWIahed    at    Loado 

soundmg  its  profundities,  we  seem  to  have  The  following  ia  the  title  of  one  publiibed  ia  ti 

got  a  view  of  a  universe  far  more  expansive  year  18S5 :— *'  Connaiisance    dea  Tema,  ou  di 

Aanwhatwehjulprevioudycom^ei^tobi  J|r.T.'?.»SV«'rA'l"«'?f^  ^"SL'IS 

tne  extent  of  tne  whole  creation.     But  what  le  Bareau  dee  LongUndes.'*  It  eonulna  Si*  page* 
(606)                                 < 
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;^ to  be   that  *  I  found  myaelf  on  nebulous  ground'  * 

atars,   Prom  these  observations  of  Herschel,  it  appean 

their   that  the  nebuls  are  not  dispersed  indiscrimi- 

natelj  through  the  heavens,  but  are  found  in 

certain  regions  and  directions  rather  than  in 

;  and   others,  and  that,  as  formerly  stated,  they  pitv 

pursue,   bably  make    the    circuit    of  the  heavens, 

"^m  and   intersecting  at  a  certain  angle    the  Milky 

t  they   Way. 

of  the       More  than  eighty  years  ago,  it  was  sagw 
which   gested  by  the  celebrated  mathematician  and 
of  fixed    astronomer,  M.  Lambert,  in  his  «  Letters  on 
^^cany  bed    Cosmogony,"  that  all  the  stars  in  the  universe 
^^^exy  part,    are  collected  into  systems ;  that  all  the  systems 
^^^^»  but  is   are  in  motion ;  that  the  individual  stars  or 
^     streams   suns  of  each  system'  move  round  a  common 
^^i*,  we  may   centre  of  gravity,  which  may  possibly  be  a 
r^^ty  in  the    large  opaque  globe ;  and  that  sil  the  systems 
re\>u1a.  One   of  ttie  universe,  as  one  related  system,  revolve 
l^i&t  in  pa8»*    around  some  oraitd  ciirrRX,  common  to  the 
r^ine  of  only    whole     '<  All  those  systems  of  worlds,'' says 
^^  dd  no  less   this  astronomer, "  resemble,  though  on  a  small 
ctly  visible   scale,  the  solar  system,  inasmuch  as  in  each 
ation  and    the  stars  of  which  it  is  composed  revolve 
to  denote    round  a  common  centre,  in  the  same  manner 
In  another   as  the  planets  and  comets  revolve  round  the 
nch  of  the   sun.    It  is  even  probable  that  several  indi- 
ble  nebula    vidual  systems  concur  in  forming  more  gene- 
Bvith  small,    ral  systems,  and  so  on.    Such,  for  example, 
much  ex-   as  are  comprehended  in  the  Milky  Way,  will    - 
(hes;  some   make  competent  parts  of  a  more  enlarged 
an  electric   system ;  and  this  way  will  belong  to  other 
1  others  of    milky  ways,  with  which  it  will  constitute  a 
nucleus  in   whole.    If  these  last  are  invisible  to  us,  it  is 
surrounded   by  reason  of  their  immense  distance.  It  would 
aflerent  sort   not  be  at  all  astonishing,   if  milky   ways, 
bnilky  kind,   situated  still  further  from  us  in  the  depth  of    ' 
iienomenon   the  heavens,  should  make  no  impression  on 
nine  with  a   the  eye  whatever."  Again — *«  The  sum  of  the 
pch  denotes  milky  ways  taken  together  have  their  common 
I  centre  of  revolution ;  but  how  far  soever  we 

tbnle,"  says  may  thus  extend  the  scale  we  must  necessarily 
h,  *<  I  have   stop  at  last ;  and  where  ?    At  the  centre  of 
.mi  in  certain  centres,  at  the  centre  of  creation,  which  I 
;  that  the  should  be  inclined  to  term  the  capital  of  the 
lerally  quite   universe,  inasmuch  as  thence  originates  m<^ 
n  to  affi>rd   tion  of  every  kind,  and  there  stands  the  great 
in  it ;  that  wheel  in  which  all  the  rest  have  their  inden- 
letime  afUr  tation.    From  thence  the   laws  are  issued 
lerable  size,   which  govern  and  uphold  the  universe,  or, 
I  stars  ;  and   rather,  there  they  resolve  themselves  into  one 
lerally  found   law  of  all  others  the  most  simple.     But  who 
hood  ;    that   would  be  competent  to  measure  the  space  and 
used  before   time  which  all  the  globes,  all  the  worlds,  all 
lese  events   the  worids  of  worlds,  employ  in  revolving 
altitudes  of    round  that  immense  body — ^tho   Throne  of 
Uconsiderap   Nature  and  the  Footstool  of  the  Divinity! 
occurred  to    What  painter,  what  poet,  what  imagination 
between  the   is  sufficiently  exalted  to  describe  the  beauty, 
and  finding   the  magnificence,  the  grandeur  of  this  source 

J  I  ventured    of  all  that  is  beautiful,  great,  magnificent,  and 
the  clAck   from  which  order  and  harmony  flow  in  etemil 
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■treaiiis  through  the  whole  boondi  of  the  space  in  the  centre;  bat  the  greater  nombw 
universe."  approximate  to  a  raundiah  form.    Of  the  103 

The  diacoveriea  made  bj  Sir  W.  Herachel  nebuhe  inaerted  in  Measier'a  list,  eighteen 
in  reference  to  the  nebuls  have  in  part  real-  were  known  at  the  time  to  consist  of  small 
ized  some  of  the  views  suggested  by  Lambert  ataxa;  but  Sir  W.  Herschel  afterwards  found 
in  regard  to  the  general  arrangements  of  the  twenty-aix  more  of  them  to  consist  purely  of 
systems  of  the  universe.  They  affind  oonr  clusters  of  stars,  eighteen  of  small  stars  so- 
viucing  evidence  that  the  stars  are  not  dis-  companied  with  nebulosity,  and  the  remainder 
persed  as  it  were  at  random,  in  a  kind  of  not  resolvable  into  stars  by  the  highest  powers 
magnificent  confusion,  but  are  distributed  s>'s-  of  his  telescopes.  It  is  evident  (hat  these  ob- 
tematically,  in  immense  clusters,  throughout  jects,  however  apparently  small  and  obscure, 
the  regions  of  boundless  space.  must  be  bodies  of  immense  magnitude,  when 

There  are  various  forms  and  classes  of  nc-  we  take  into  considenrtion  the  vast  distance 
bulfi  which  we  shall  notice  in  the  sequel,  but  at  which  they  must  be  placed  from  our  globe, 
they  may  all  be  reduced  to  two  great  classes,-^  The  following  are  Sir  W.  Herschel's  views 
the  resolvable  and  irretohoable  ;  that  is,  those   on  this  point : 

which  may  be  resolved  into  clusters  of  staxB  **  My  opinion  of  their  size  is  grounded  on 
by  powerfol  telescopes,  and  those  which  no  the  following  observations : — ^There  are  mai\j 
telescope  hitherto  constructed  has  yet  been  round  nebuls  of  about  five  or  six  minotes  in 
able  to  resolve  into  starry  groups.  diameter,  the  stars  of  which  I  can  see  ^17 

Prior  to  Sir  W.  Herschel*s  observations  on  distinctly ;  and  on  comparing  them  with  the 
the  nebuls,  about  a  hundred  of  these  objects  visual  ray  calculated  from  some  of  my  bng 
had  been  descried  in  difierent  parts  of  the  gauges,  I  suppose,  by  the  appearance  of  the 
heavens,  of  which  an  account  had  been  given  email  stars  in  those  gauges,  that  the  centra 
by  Messier,  as  formerly  stated.  About  2000  of  these  round  nebuls  may  be  600  times  (be 
more  were  afterwards  discovered  by  the  un-  distance  of  Sirius  from  us.^  He  then  gees 
wecuied  exertions  of  our  British  astronomer,  on  to  show  that  the  stars  in  such  nebuls  are 
a  description  6f  which  was  inserted  at  difier-  probably  twice  as  much  condensed  as  those 
ent  periods  in  the  Philosc^phical  Transactions,  of  our  system,  otherwise  the  centre  of  it 
The  places  of  these  were  afterwards  computed  would  not  be  leas  than  6000  times  the  dis- 
from  his  observations,  and  arranged  into  a  tanoe  of  Sirius,  and  that  it  is  possibly  muck 
catalogue,  in  the  order  of  right  ascension,  by  underrated  by  supposing  it  onl)'  600  times 
his  sister,  Miss  Carolina  Herschel,  a  lady  sin-  th^  distance  of  that  star.  "  Some  of  these 
gularly  eminent  for  her  astronomical  know-  round  nebuls  have  others  near  them,  per- 
ledgc,  who  assisted  him  in  all  his  sidereal  fisctly  similar  in  form,  colour,  and  the  dirtri- 
labours  and  discoveries,  and  was  herself  a  dis-  button  of  stars,  but  of  only  half  the  diameter; 
coverer  of  several  interesting  celestial  pheno»  and  the  stars  in  them  seem  to  be  doubly 
mena,  particularly  comets.  Her  illustrious  crowded,  and  only  at  about  half  the  distance 
nephew,  Sir  John  Herschel,  read  a  paper  be-  from  e&:li  other.  They  are  indeed  so  small 
fore  the  Royal  Society  in  November,  1833,  in  as  not  to  be  visible  without  the  utmost  atloi- 
which  ho  gives  the  places  of  S500  nebuls,  or  tion.  I  suppose  these  miniature  nebuls  (o 
clusters  of  stars,  of  which  500  were  detected  be  at  double  the  distance  from  the  firsL  An 
by  his  own  observations,  tiie  rest  having  been  instance  equally  remarkable  and  instructive  is 
accurately  determined  by  his  father.  Besides  a  case  where,  in  the  neighbouriiood  of  two 
these,  more  than  500  nebuls  have  been  dis-  such  nebuls  as  have  been  mentioned,  I  mrt 
covcied  in  the  southern  hemisphere  of  the  with  a  third  similar,  resolvable,  but  modi 
beavens,  of  which  the  Magellanic  clouds  are  smaller  and  fainter  nebula.  The  stars  of  it 
the  roost  conspicuous  and  the  nM»t  remark-  are  no  longer  to  be  perceived ;  but  a  resem- 
able.  They  are  three  in  number,  two  of  them  blance  of  colour  with  the  former  two,  and  iU 
being  near  each  other ;  the  largest  is  at  a  con-  diminished  size  and  light,  may  well  pennit  us 
siderable  distance  from  the  south  pole,  but  the  to  place  it  at  full  twice  the  distance  of  the  s^ 
other  two  are  only  eleven  degrees  distant  cond,  or  about  four  or  five  times  the  distance 
To  the  naked  eye,  they  appear  like  portions  of  the  first ;  and  yet  the  nebulosity  is  not  of 
of  the  Milky  Way.  the  milky  kind,  nor  is  it  so  roudi  as  difficultly 

These  nebuls  have  great  variety  of  forms :  resolvable  or  colourless.  Now  in  a  few  of 
some  are  comparatively  bright,  and  others  so  the  extended  nebuls,  the  light  changes  grt- 
obscure  as  to  render  it  difficult  to  detect  th^n  dually,  ao  as  firom  the  lesolvablo  to  a^prosdi 
in  the  field  of  the  telescope,  or  to  ascertain  to  the  milky  kind ;  whidx  appears  to  me  sp 
their  shape.  Some  of  them  appear  round,  indication  that  the  milky  %ht  of  nebuls  is 
some  oval,  and  others  of  a  long  elHptic  shape ;  owing  to  their  much  greater  distance*  A  ne- 
some  exhibit  an  annular  form,  like  luminous  bula,  therefore,  whose  Ugfat  is  perfectly  milky 
rings,  and  others  like  on  ellipses  with  a  dark  cannot  well  be  supposed  to  be  at  less  tfasft 
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or  eight  thousand  tiinee  the  dirtanoe  of  grounds  let  ns  consider  what  must  be  the  ex* 
;  and  though  the  numben  here  assumed  tent  and  magnitude  of  o^Iy  the  virible  uni- 
are  not  to  be  taken  otherwise  than  as  very  verse.    Supposing  the  number  of  stars  oom- 
ooane  estimates,  yet   an  extended  nebula  poamg  the  Milky  Way  to  be  ten  miUions, 
whieh  in  an  oblique  situation,  where  it  is  pos-  which  is  only  half  the  number  formerly  as- 
aib^  foreshortened  by  one-half^  two-thirds,  or  signed,  (p.  73),  and  that  each  of  the  nebula 
three-fourths  of  its  length,  subtends  a  degree  at  an  average  contains  the  same  number; 
or  more  in  diameter,  cannot  be  o&erwise  than  supposing,  iiirther,  that  only  two  thousand  of 
of  a  wonderful  magnxiude,  and  may  well  the  three  thousand  nebula  are  resolvable  into 
otrryix  oca  xilkt  way  ibt  obaitdbuii."  chisters  of  stars,  and  that  the  other  thousands 
It  appeaxB  to  be  a  very  natural  conclusion,  are  masses  of  a  shining  fluid  not  yet  conr 
that  the  nebnle  which  are  perfectly  similar  in  denaed  into  distinct  luminous  globes;  the 
form;  colour,  and  the  distribution  of  stars,  but  nuinber  of  stars,  or  sum,  comprehended  in  that 
only  half  the  diameter,  and  the  stars  doubly  portion  of  the  firmament  whieh  is  within  the 
crowded,  are  about  double  the  dUtaneefrom  resnh  of  our  telescopes  would  be  20,000,000,- 
tkefint.    And  if  the  distance  of  the  larger  *  000,  or  twenty  thousand  miUione,  which  is 
nebtUe,  vdiose  stars  are  distinctly  seen,  be  at  twenty  millions  of  times  the  number  of  all  the 
least  600  times  the  distance  of  Sbius,  as  stars  visible  to  the  naked  eye. 
there  is  every  reason  to  believe,  then  the  djs-  Great  as  the  nundier  ii,  and  magnificent 
tanoe  of  those  which  are  only  half  the  diar  and  overpowering  as  the  ideas  are  which  it 
meter  most  be  about  1200  times  the  distance  suggests  of  the  extent  of  creation,  yet  these 
of  that  star;  that  is  at  the  very  least,  24,000,-  vast  assemblages  of  systems  may  be  no  more 
000,000,000,000,  or  twenty-four    thousand  than  as  a  single  nebula  to  the  whole  visible 
bilfions  of  miles.    But  the  nebula  whose  light  firmament,  or  even  as  a  grain  of  sand  to  the 
is  «  perfectly  milky,"  or  so  for  removed  from  ,  whole  earUi,  compared  with  what  lies  beyond 
OS  ^t  the  stars  of  which  they  are  composed  the  range  of  human  vision,  and  is  hid  from 
cannot  be  separately  distinguished,  may  be  mortal  eye  in  the  boundless  and  unexplored 
justtf  ooDsideied  as  seven  thousand  times  the  region  of  immensity  !    Beyond  the  bounda- 
distance  of  Sirius,  or,  in  numbers,  168,000^  nw  of  all  that  will  ever  be  visible  to  the  in- 
000,000,000,000,  or  one  hundred  and  sixty-  habitants  of  our  globe,  an  infinite  region 
eig^  thousand  bilhons  of  miles !-— «  di«rtance  exists,  in  which  we  have  every  reason  to  be- 
ef which  we  can  have  no  distinct  conception,  lieve  the  Deity  sits  enthroned  in  all  the 
LigMt  notwithstanding  its  f^mamng  velocitr,  grandeur  of  his  overflowing  goodness  and 
would  be  nearly  thirty  thousand  years  ere  it  omnipotence,  presiding  over  innumerable  sy»- 
ooold  fly  fixnn  such  nebula  to  the  earth ;  and  tema,  far  surpassing  in  magnifinence  what 
a  cannon  ball,  with  its  utmost  velocity,  would  **  eye  hath  yet  seen"  or  th<)  most  brilliant  in- 
le^oiie    more    than  thirty-e^kt   thousand  tellect  can  conceive.    For  we  ought  never  for 
uuOions  of  years  before  it  could  move  over  a  moment  to  surmise  that  the  operations  of 
an  eq[nal  space.    Since  the  distance  of  these  Almighty  Power  are  exhausted  at  the  point 
nebula  is  so  immense,  and  since  those  which  where  the  efforts  of  genius  and  art  can  no 
are  among  the  largest  and  nearest  are  found  longer  afford  us  assistance  in  tracing  the  foot- 
by  actual  observation  to  be  composed  of  count-  steps  of  the  Divinity  through  the  mysterious 
less  numbers  of  stars,  leaving  us  no  room  to  regions  of  infinitude ;  nor  shovM  we  ever  siq>- 
doubt  that  the  most  distant  are  also  immense  pose  that  man,  placed  on  such  a  dhninutive 
systems  of  stars,  how  great  must  be  the  mag'  baH  as  the  eartfi,  and  furnished  with  powers 
nitude^  and  how  inexpressible  the  grandeur,  of  so  limited  a  nature  as  those  with  which  he 
of  the  numerous  luminaries  of  which  they  are  is  now  invested,  will  ever  be  able  to  grasp 
composed  1  the  dominions  of  Him  who  fills  immensity 

I  have  stated  above  that  moie  than  three  with  his  presenoe,  and  «  whose  ways  are  past 

thousand  nebula  have  already  been  discovered,  finding  out" 
and  whose  places  in  the  heavens  have  been 

accurately  determined,  so  that  those  who  have  Ssctiow  n. 

them.    From  all  the  observations  made  by  I  have  already  alluded  to  the  difiereni 

Sir  W.  Herschel,  he  is  of  opinion  that  our  siiapes  or  forms  of  nebula.    These  objects, 

Bfibida,  or  the  Milky  Way,  is  fiotf  the  most  cm  account  of  their  appearing  with  diment 

eonsiderBble  in  the  univeise;  and  he  points  degrees  of  lustre,  and  assuming  a  great  variety 

ooft  soflM  voiy  remaikable  nebula  which  in  of  shapes  and  modifications,  have  been  ar- 

bU  opinion  cannoi  be  less,  but  are  probabfy  ranged  into  different  classes. 

tmu^  larger,  than  that  of  whidi  our  own  sun  1.  Thefirstdassisthatof  elMlef«(>fstort. 

and  system  fonn  a  part    Now,  on  these  in  which  the  separate  stars  are  desriy  distin* 
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^■B  U  wbkh  fptat  of  i  rmutduh  form,  and  1011]^ 
r  tliON  whatcaaiiKaei]toinrd>Uwcentn:;uidirT^ 
uJiD-  duHcD,  or  tboaa 
whkh  STE  Dciiber 
drcular  nor  ellipii- 
al,  but  of*  KiDewhat 
indeiDite  or  angntaT 
Ibiin.  Theaelutan 
generally  [en  rich  in 
Man,  and  lew  con- 
den^   towudi    the 


their 

many  ca*a  cumol  be 
diitinctly  pcFceiwd. 
In  loDici  of  Ibtna  the 
Mara  tie  nearly  iH  oT 
theaaroe  me,  in  otboa 
eitiemely     diflerent; 


Sir  W.  Henwlwl  n- 

gsn!«  thcM  ai  (^obo- 

13  44  lar  chistrra  in  •  In* 

advanced  stale  of  con- 
den  Htion,  cDncoring 
all  nich  gnMi|ia  u  ap- 
proaching, bj  their 
mutual  atCncdoo,  to 
the  globular  figm, 
and  uermblitigtbeiD- 
■elvn  together  fracD 
uU  the  lurnnindiiig 
region,  under  law*  of 
which  ne  hare  no 
^  4S  other  proof  than  the 

obserrmnce   of  ■  gr^ 

dation  by  which  theit 

charadeia  shade  inUi 

ODe  another.  lo  that  it 

ii    impcwnblfl  to  a^j 

when  one  (pede*  ends  and  the  other  begina."   that  they  consul  of  atan  which  would  be  aeptt- 

Fig.  41,  fonneily  referred  to,  repreaenta  one    ralely  distingiiiah^la  by  an  increase  of  tight 

of  the  globular  claiten  in  the  conitellation    and  magi^ing  power  in  the  telescope.  Theae 

Hercules.    FLg.  4S  is  a  view  of  a  curious  but  may  be  considered  as  dusten  too  remcM  to 

somewhat  jiegnlar  group,  seen  in  the  soulheni    be  distinctly  seen,  the  Stan  composing  whkh 

hemisphere,  hi  sketched  by  Mr.  Dunlop,  at   are  either  too  faint  in  their  light  or  toe  amall 

Paramatta,  New  South  Wales.     It  is  the  30    m  size  to  make  a  definite  impresrim   npeti 

Doradua,  or  Xipheaa,  and  is  rather  a  singtdar    the  organs  of  vi^on.     They  are  ahnost  mi- 

object,  but  evidently  a  large  duster  trf  stars,   veraally  round  or  oval,  which  is  sappoaed  to 

oresenting  two  or  three  veiy  condensed  strain,    be  owing  lo  their  looae  ^ipertdage*  and  iiregn- 

as  if  they  were  crowded  to  eieen  by  an  in>-   laritiea  oi  fwm  being  eitinguiahed  by  tbair 

menae  confluence  of  stars.  distance,  the  geoeral  Gguie  ol  the  ceatntl  or 

S.  Another  class  is  that  termed  retokahU   more  condensed  parts  being  only  diacemiUe 

«ehife,OT  those  which  lead  os  to  aupposa   ■•  It  ia  under  the  appearance  cf  olJKta  of  Ihk 
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AaaOtr,"  nyi  Sir  J.  H«t>chel,  "  that  all  a  fpedas  id  nutter  diSund  Ihioaghaiit  infi- 

be  gnaiet  ^obolar  clusten  eilubit  them-  nite  tpvx.  in  Tarioua  poitians  and  degree*  of 

KtrcaiitteleKopeeofiDcaflidentoptical  power  coiutenudoii,  and  which  maj,  in  the  count 

to  ihow  there  well ;  and  the  conchisien  u  ob-  of  ageii  be  condensed  into  atara  or  atany  ija- 

lifflji  tiuit  those  which  the  moat  powerfiil  ean  tema.    The  following  ia  a  deamplion  of  some 

baaij  rendei  rtsobialrle,  would  be  complete];  of  the  more  remaikabte  varietiea  of  thi*  flat* 

isolrfd  by  a  farther  incieaie  of  initnmiental  of  Dcbule. 

'°rix.  Pig.  43  repreaenti  a  nebula  of  an  elliptical 

3>  Beadea  thf  above,  there  ia  an  immenie  or  aplDdie-Uke  form.  It  ia  viaible  to  the  naked 

lariet;  of  nebula,  prmcriy  to  eaikd,  which  e;a  in  a  clear  night,  wiiea  flie  moon  ia  absent, 

DO  leleac^)ca  hare  tullieno  been  ebte  to  ro-  and  haa  loniatimea  been  miataken  for  a  smalt 

nlTC  into  atara,  and  which  ii  rappoaed  to  be  comet.  It  appean  like  a  dull,  dooJy,  undeGned 

PLATE  V. 


■pot  upon  Ae  cODcare  of  the  flnnament,  and  broad.    Thoog))  the  Egors  of  this  object  ap- 

hm  aonietiinea  been  ctunpared  to  the  light  of  peaia  oval  or  ellipiial,  it  i>  not  tuilikeiy  that 

a  mull  candla  ahining  through  horn.     Ita  it  ia  in  really  tieaiiy  of  a  globolar  ftgure,  and 

central  part*  a[^iear  brigliteat,  but  ita  light  that  ita  oral  appearance  ia  owing  to  ita  poat- 

gnduall;  bilea  towarda  each  eitreniitj.     A  tion  with  regard  to  our  eye.     Thia  nebula  ia 

finr  amall  itan  appear  adjacent  to  it,  and  eiei)  littiated  in  the  girdle  of  Aodconie^B,  within  a 

within  ita  boondaiiea,  hut  it  appeara  piet^  degree  or  two  of  the  atai  >  of  that  conateUa- 

erident  diat  the;  hare  no  immtdiait  ooo-  tion.     It  ia  about  1 6°  nearl;  wcat  from  AU 

neiion  with  the  nebula.     Ita  ionn,  aa  here  de-  maaeh,  and  S°  north  by  neat  of  Miraeh,  with 

Gnttated,  m^  be  seen  with  a  teleacope  of  which  alaia  it  tbnna  nearly  a  righl-angloj  tri- 

Duderate  power,  l/nt  ne   taleacope   hitherto  angle.     It  may  be  aeen  in  a  norlb-weaCerl;  di> 

eonatmctsd,  even  with  the  higheat  powen  rectjon  in  the  evening*  of  the  monlha  of  Jan- 

Aat  could  be  Bp[4ed,  haa  yet  been  miffident  uary,  Pebruaiy,  and  March,  at  a  conndenhla 

to  moire  it  Into  (tan.     In  die,  it  ii  nearly  eleratian.     Itcootea  to  the  meridian  about  lb* 

half  a  degree  1»^,  and  19  or  IB  minatea  middle  at  Norember,  at  nine  o'clock  in  ttw 
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eTMiing.  Ili  li^t  MceiuioQ  is  O'  33*;  aiti  i 
'narth<hclin>tiim,40°30'.  Ilii  nebula  rnKf  1 
ba  eonddeml  u  a  repmentatiTs,  on  i.  Urge 
Male,  of  a  DnmenHU  clam  of  nebuld,  which 
JocrtMH  mora  or  lea  in  ikiuiljr  towardi  the 
ceolral  poinL  The  repneentatkm  of  it  in  the 
plate  JB  aomewhat  longer  mud  narrower  than  it 
■ppeari  through  a  teleieope  magni^Fing  140 

Fig.  44  npnaenti  a  kiitd  of  elliptical  ne- 
bula, with, a  Taosc;  of  a  lenticular  fbrtn  In    ~ 
the  centre.    It  ii  pretif  evident  [hat  nich   J 
nebula  are  in  realit;  laineiinge,  which  appear 
of  an  oral  or  lenlicnlar  form  in  conaeqnenca 
of  their  Ijing  oUiquelj  to  our  line  i^  vinon. 
llus  U  undoubtedlj  a  lar^  Many  Byatem, 
comprinng  periiape  milliang  of  afan,  at  mcb 
a  distance  that  their  combined  U^t  a[^ieari 
□nl;  like  alaiiit  nebula.    It  pn^bty  ia  not   ' 
much  unlike  the  tona  of  our  MiDt;  Way  in   '. 
wliich  the  inn  it  aituated.  lie  right  aacension   ' 
iaS'    12',  and  north  decl.  41°  35".     It  liea 
near  y  Androiaeiia,  or  Abaaadi,  about  1°  to 
the  eaitwanl  of  tbat  Har,  nearly  in  a  Ime  be- 
tween it  and  Algol,  in  the  head  of  Mrdnni, 
aoil  about  19'  eait  from  the  nebula  lepre- 
aented  in  Fig.  43. 

Fig.  4S  ia  •  rep[«aentation  of  on  atmular 
nebula,  iriiich  may  be  seen  with  a  tdeacopa 
at  moderate  power.  It  dnei  not  occupy  so 
much  apace  in  the  heavena  aa  the  preceding 
nebnls,  but  it  ia  well  defined,  and  baa  the  ap- 
peannce  of  a  flat,  aoltd  ring.  It  is  not  per- 
fectly eirculer,  but  eomewhal  elliptica],  the 
conjugate  aiia  of  the  ellipae  being  to  the  tnne- 
TTiae  nearly  to  the  proportion  of  1  to  6.  The 
opening  occupie*  about  half  its  diameter,  and 
ia  not  eatiraly  dark,  bat  fiUed  np  with  a  Teiy 
bint  hai;  li^t,  unitonnly  ipreail  over  iL  Its 
li^l  ia  notof  a  pure  milky  white,  but  ia  some- 
what mottled  in  ita  appeaiance  near  the  exte- 
tior  edge.  Thia  cuiioui  phenomenon,  tike 
dw  preceding,  ia  doubtleaa  an  immense  stellar 
ayetem,  atnated  at  an  immeaaurable  diatance 
in  the  proAmdity  of  apace.  It  ia  nluated  m 
the.  oonatellation  of  Lyra,  exactly  half-way 
between  the  stare  3  and  y,  so  that  ita  poeitioa 
may  be  found  by  common  obierven  without 
•ny  difficulty.  Ita  tight  aacenaion  ia  I S-  47'; 
and  north  declination,  32°  iV.  The  following 
cut  (fig.  46)  repreaenta  lome  of  the  principal 
atara  in  tha  oonatellatian  of  the  Lyre.  The 
laigeot  atar  near  the  upper  part  ii  Vegtt,  a 
blight  alar  of  the  firat  magnitude  )  the  next 
la^er  atai,  south  by  ea«t  of  which  ia  S  i  '"d 
Ifae  other  atar  of  the  aame  magnitude  to  the 
Muth-eaal  ia  y ;  between  which  ia  the  annular 
nebula,  about  7}°  fiom  Vega. 

Fig.  46    repreaenta  an   ot^ 
amilar  to  the  abere.    It  ia  situated  between 
the  conatellationa  Anaer  and  Cygnua,  about 
•j"  south  ftom  the  star  y  Cygni,  and  IT" 


The  opposite  p««e  can  ,         

o[  several  other  kinds  t^  nebnln,  aome  at 
which  an  extremely  cutioua  and  singular. 
Fig.  IT  ia  a  vaiy  ""g"!"  and  wondeifiil  ob- 
ieci.  It  lut  the  abape  oi  a  duudi-boll  or 
honr^laa  of  bn^t  matter,  sarnKUkled  by  ■ 
thin  haiy  atmoqibera ;  the  two  connected 
hemi^pbena,  and  the  space  which  ronoecH 
them,  are  beautifiU  and  pretty  hci^'ht.  The 
oral  ia  completed  by  a  space  on  each  side, 
which  b  much  more  dim  and  hazy  than  the 
two  hemiqcdieras.  The  ivbole  ba*  aa-  oral 
Ibrm,  like  that  of  tt  oUate  Bphenitd.  The 
eoulhem  bemiq)heTB  is  aomewhat  flenaei  Qtan 
the  nonbem,  and  Ibera  are  one  or  two  alan 
in  it.  It  appean  evidently  to  be  a  denae  col- 
lection  of  sCara,  at  an  immBaoiiabte  dlrtanee 
from  the  region  in  which  we  reade,  and  leaila . 
us  to  fbim  an  ideH  o(  the  endless  direrstiea 
of  shape  and  form  ■'n'^ng  Iboee  oountlflsa  a» 
samblages  of  atan  with  which  the  univefae  >> 
replenished.  This  nebula  is  situated  in  right 
IS"  6S';  north  declination,   S3° 
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iCjin  Ibelinutof  AiunetVuIpeculiiibout   the  principal  itan  of  the  Dalgdun,  sboat  ihiM 
miilvaj  beMesD  Altureo  in  the  Bvrta,  tad   or  Jbor  degrees  noitb  of  SigitU,  ■  atai  of  die 

foDTlb  ongnitude. ' 

Fig-  4S  u  Ukevrin 
a  Teiy  remarkable  ob- 
58  Ject  It  connm  of  a 
briglll  nmnd  Dnclens, 
or  centtil  part,  ■iii> 
Toanded  at  a  great  dis- 
tance bj  a  nebolom 
ring.  Thii  ring  ap- 
pean  split  throogh 
Dcarty  the  greater  part 
C7of  its  drcnmleTeaca, 
the  two  poTtiona  of 
irhk^  being  teparated 
al  about  an  angte  of 
U°.    TIiiB  nebula  IJM 


Be; 


dariea  to  which  our 
teleacopea  can  cany 
us.  It  has  never  btea 
maolved  into  stars  b;r 
the  highest  pOTTcrs  Aat 
ha»e  yet  been  apjJied ; 
but  tJiere  is  little  doabt 
that  it  is  a  grand 
scheme  of  sidena]  sys- 
tems, perfaaH  eieeed- 
mg  our  >C)ky  Way 
in  number  and  magni- 
GcMice.  It  is  indeed 
■DppoMol  to  bear  a  i 


the  system  of  stars  in 
whicb  the  son  is  placed 
than  aay  other  object 
vhich  has  yet  been 
diKOrered  in  the  heo- 
tetis,  as  may  be  per- 
y-ceiYed  by  turning  W 
'  '^'figiire   39,     (p.    78.) 

which    represents   Sir 

W.  Herachel's  H^eme 

id'ttie  Milk;  Way ;  and 

hence  Sir  John  Her- 

Bcbel   descnbes    it    ■« 

M  63  « a  brother  lyitenigbfaik 

b^  a  real  physical  reumUanea  and  strong   diing  nmitar,  tbou|4>  not  precisely  Of  the 

analogy  (^  atnlctnre  to  our  own."    This  ob-   sune  fbnn  and  amngement,  may  be  found 

ject.  dim  and  distant  as  it  rosy  appear  throngh   in  other  parts  of  the  aideml  besTens.    This 

our  telFBcopcs,  and  utterly  iansible  as  it  is  to   phenomenoa  is  silualed  near  the  back  of  A» 

the  nnsinsled  eye,  may  be  considered  ss  B   terion,  about  fire  df^rees  souA  hj  west  of 

kind  of  universe  in  itsel(  ten  thoiuand  titnes    BtTittnoKh,  the  last  star  in  the  tail  of  the 

Bum  grand  and  eitensive  than  the  whole    (treat  B«i)  between  which  star  and  die  ne- 

crealicn  was  suppoacd  to  be  in  the  in&ncy  of   bula  there  ie  a  small  star  of  the  fifth  ra«gni> 

iMrontnny.     Like  the  preceding  nebula,  it   tude,  nearer  to  the  nebala  than  to  Benetnasch. 

Aam  u*  what  singutsi  vsrieties  of  structure    Its  right  ascmslon  is  13>>  SS' ;  and  north  do- 

■re  to  be  fbiuul  in  the  systems  whidi  cornpose   dinstin],  46°  U'. 

Aeumverse,  and  at  the  same  time  it  exhibits  Figiiresl9,  &0,G3,53,M,(G,66,GT,and68, 
a  certain  resemblance  to  another  system  of  represent  some  specimens  of  tubuloiu  ilan, 
wUA  we  fatta  a  pelt)  and  perhaps  sooM-    or  of  nebuln  connected  with-vely  ondl  slan. 

"  [6IS] 
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.■■  if  there  wms  a  con. 

tfaem.  The  next  thiet 
figWM  ue  leprcKnt- 
Btiaiu  of  Bunilai  pbe- 
L  Ta  figure  6S 


65 


64 


nKiu  of  lome  of  these  phenmsena  mil  be  Ibiind 
in  tlie  followitig  sitUBtiolM : — t.  Right  ucen- 
■ion,  20°  56';  nuth  dedination,  1 1°  £4';  alittle 
ta  the  east  of  the  cluUer  of  (tan  called  the 
Dolphin.  2.  Right  ucension,  B''  IS' ;  north 
decliDition,  S4°  25' ;  about  seven  degree* 
north-went  of  the  Btar  Tfiela  of  the  Great 
Bear.  3.  Rlifbt  aacenilon,  12>  51';  north 
decimation,  35°  47' ;  about  four  degrees  nouth 
of  the  fltAT  Cor  CarolU  the  principal  Htar  in 
the  Grsyhoundi.  4.  Right  uceniion,  6' SI/ ; 
north  dcclinabon,  S"  53' ;  vrbich  if  in  tlie 
Lmd  of  Monoceron,  gr  the  Unicom,  about 
(614) 


broader  then  i 
othera,  though  (bit 
maj  pmaUy  be  ow- 
ing to  the  nebula,  iii 
it*  greatest  extent  be- 
ing pmented  to  cm 
lineofTiaoo. 

Figuns  M,  55,  56, 
are  Tery  amall  itan, 
with  &inl  and  ■mall 

II  nebuln  attaclitd  to 
them  in  the  shape  of 
•  poC  Pig.  57  i*  a 
innll  star,  with  a  snn1(. 
faint,  Cinshaped  nebu- 
lomty  joinetl  to  'a. 
Fig.  6S  repreaenta  two 
consideTable  stars  in- 
roltei  in  a  my  faiot 
nebuIoHty  of  three  or 
four  minutes  in  extent. 

)3  What  lluB  mbuloua 
substance  in  reality  is. 
or  what  connexion  it 
mn;  have  with  the 
atais  which  appear  in 
its  ricinily,  it  is  diOi- 
cult  to  conjecture.  It 
is  a  Bpeciea  of  nebu- 
Is  which  does  not  ap- 
pear to  be  rcBOliable 
into  stars,  and  there- 
fore may  be  regarded 
as  a  distinct  luminous 
substance  dilTused 
throughout  diflerent 
regionsofthen  nivcrse, 
suL)serving  some  im- 
portanl  designs  in  the 
phyBical    economy  of 

63  are  ignaranL    Spcci- 

elcten  degrees  east  of  Belelguese,  in  the  right 
shoulder  of  Orion,  aad  about  seven  dcgreoi 
due  south  of  Gemini,  wliich  is  in  the  left  foct 
of  one  of  the  Twins. 

Figures  59  to  65  represmt  a  few  speci- 
mena  of  objects  which  come  under  the  dcno- 
niination  of  extensive  diffuaivt  tiflaloaitin. 
These  pbenojncna  were  »ery  little  noticed  till 
lately,  and  can  only  be  percfived  by  telescopes 
of  lai'ge  aperture,  which  collect  a  gT<eat  qunn- 
Ijty  cj^  litriit.  In  adverting  to  oue  of  ibr^ 
objects,  Sir  W.  Heischel  describes  it  aa  ibl- 
lows : — "  Extreme  faint  branching  nobulov^  ; 
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id  wIutifhneM  ia  antirety  of  the  miltijF  kind, 
■ul  it  h  brighter  in  three  or  four  places  than 
dw  rriti  the  *t>r«  of  tbe  Milk?  Wb?  are 
■siteied  over  it  in  the  ume  mBiiner  u  over 
the  reit  of  the  hearens.  Iti  extent  in  tho 
mralhH  is  nearlj  oiie  degree  uid  *.  bal^  and 
la  lbs  meridiana]  dliectian  Bbout  fifly-two 
mintUes."  It  appeara  that  this  dilTuicd  nebu- 
Igaity  ia  very  eileruiTo ;  for  of  Gfty-two  no- 
bole  of  Ihls  description  which  had  never  been 
before  obaervcd,  Hertche]  found  them  to  oc- 
cupy no  leal  than  162  square  degrees.  A 
ipecimen  of  an  eiteniiTe  difinrive  nebula  of 
this  JwLiijiliun  ■■  repreaented  in  6g.  69 


Sir  W.  HencJiel  has  preaentad  m  with 

fbutteen  >pecimeni  related  to  this  dais,  of 
what  he  temu  nehulimti'a  jointd  to  rubult^ 
one  of  which  is  represented  in  fig.  60.  where 
a  bright  nebulous  speck  is  coniieded  vrith  a 
faint  nebuloeily,  which  ■eenn  to  proceed  from 
it  as  from  a  central  point,  increasing  in 
bieadlh  in  propcotion  to  the  distance,  It11.il 
tetminatea  in  a  kind  of  irregular  mai^. 
Fig.  6 1  represents  what  ia  called  a  mtikg 
nebula  with  eondeiuatum.  It  appean  to  be 
a  roundiah  nebula,  cortdensed  towards  the 
central  parts.  It  ia  latural  to  suppose,  when 
we  eee  a  gradtial  increase  of  %ht,  that  there 
is  a  condensation  of  the 
aubstance  wblch  produeea 
it  in  the  apace  which  tp- 
pean  biighteit,  or  el 
leaat  that  the  luounoui 


a  sapeiior  prepODder- 
anceof  the  nebiikiui  ma^ 

ter  in  those  places  caus- 
ing a  dinsion  of  it  from 
which  will  arise  thiwa 
or  Ibor  distinct  nebols. 
f  iiores  G6  ta  71  are  npresentadona  of  ur>)>er  figures,  numbired  66,  are  nebula  that 
nebute  of  Tarious  descriptions.    The  tbnse   are  suddenly  much  briber  in  tht  middle. 


the  brighter  apace.  Some 
of  tbe  ndinlcsitieB  of  Ibia 
elaas  are  net  always  ex- 
tensi*elj  difiiised.  but  are 

detached  c(^et:tiona,DeBt 
to  each  other,  but  com- 
pletly  Bieparate,  aa  repre- 
aented  at  a  b,  c,  fig.  63. 
A  diduBcd  nebulosity 
□f  this  kind  may  be  seen 
about  lii  or  seven  da- 
grees  due  east  from  the 
star  Ztta  Cygni,near  the 
bach  or  tail  of  Aoaer.  Its 

38',  and  north  deriina- 
tieo,  30°  6'.  Another, 
whose  right  ssceneinn  ia 
SO"  49',  and  north  dedi- 
nalion  31°  3',  ia  fo-ind 
about  three  or  four  de- 
grees north-west  of  Zila 
Cygni,  and  wittun  two 
or  three  degrees  of  the 
preceding- 
Figures  63, 64,  and  65, 
are  representaUons  of  ne- 
bule  which  are  brighUT 
in  more  than  one  place, 
which  ^ipearance  is  sup- 
posed to  bo  owing  to 
so    many     predomiiunt 
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A  nucleus  to  which  fheae  nebnltt  aeem  to  ap-  Ssgtiov  ID. 

proach  is  considered  as  indicating  consolida- 
tion ;  and  that,  should  we  ha^e  reason  to  con-  On  Planetary  Nebulas, 
elude  that  a  solid  body  can  be  formed  of  con- 
densed nebukras  matter,  the  nature  of  which       This  designation  is  giren  to  a  class  of  ne 

has  been  chiefly  deduced  from  its  shining  buls  which  bear  a  veiy  near  resemblance  to 

quality,  we  may  possibly  be  jible  to  view  it  planetary  disks  when  seen  through  telescopes. 

wi(h  respect  to  some  other  of  its  properities.  But,  notwithstanding  their  planetary  aspect. 

The  three  figures.  No.  67,  represent  extended  some  small  remaining  haziness,  by  which  they 

nebulae  end  round  nebulae,  thai  show  the  are  more  or  less  oirrounded,  eTinces  their  nfr> 

progreaa  of  eandenaatitm.    These  nebulie  ap-  bulous  origin.  They  are  somewbat  extniordi- 

pear  further  condensed  than  &e  preceding,  nary  objects,  with  round  or  sUgfatly  oval  disks, 

and  appear  surrounded  with  the  rarest  nebu-  in  some  instances  quite  sharply  terminated* 

lous  matter,  which,  not  having  as  yet  been  in  others,  a  little  ha^  at  the  borders,  and  o( 

consolidated  with  the  rest,  remains  expanded  a  light  exactly  equable^  or  only  a  very  little 

about  the  nucleus  in  the  shape  of  a  very  ex-  mottled,  which  in  some  oX  them  approaches 

tended  atmosphere.    The  three  figures  in  the  in  vividness  to  the  light  of  actual  planets, 

third  row  from  the  top  of  the  plate,  marked  The  following  are  some  of  Sir  W.  Herschers 

No.  68,  and  the  first  figure  to  the  left  hand  remarks  on  these  bodies : — ^If  we  should  anp- 

of  No.  69,  represent  nebulffi  which  are  almost  pose  them  to  be  single  stars  with  large  diame- 

of  an  uniform  light,  and  nebuhe  that  draw  ters,  we  shall  find  it  difficult  to  account  for 

progressively  towards  a  period  of  final  con-  their  not  being  brighter,  unless  we  should 

densation.    '<In  the  course  of  the  gradual  admit  that  the  intrinsie  light  of  some  stars 

condensation  of  the  nebulous  matter,*'  says  may  be  very  much  inferior  to  that  of  the 

Sir  W.  Hersehel,  ^  it  may  be  expected  tluLt  generality,  whidi,  however,  can  hardOy  be 

a  time  must  come  when  it  can  no  longer  be  imagined  to  extend  to  such  a  degree.     "We 

eompressed,  and  the  only  cause  which  we  may  might  snppose  them  to  be  comets  about  their 

suppose  to  put  an  end  to  the  compression  is,  aphelion,  if  the  brightness  as  well  as  magm- 

when  the  consolidated  mass  assumes  hardness,  tude  of  their  diameters  did  not  oppose  this 

From  the  size  of  the  nebuls,  as  we  see  them  idea ;  so  that,  after  all,  we  can  hardly  find  any 

at  present,  we  cannot  form  an  idea  of  the  hypothesis  so  probable  as  that  of  their  being 

original  bulk  of  the  nebulous  matter  thdy  con-  nebule ;  but  then  they  must  consist  of  stars 

tain ;  but  let  us  admit,  for  the  sake  of  compu-  that  are  compressed  and  accumulated  in  the 

tation,  that  the  nebulosity  of  a  certain  nebula,  highest  degree    At  a  subsequent  period.  Sir 

when  it  was  in  a  state  of  diffiiston,  took  up  a  William  remarks,  ^  When  we  reflect  on  the 

spaceof  ten  minutes  in  every  cubical  direction  circumstances  coimected  with  these  bodies, 

cf  its  expansion,  then,  as  we  now  see  it  col-  we  may  conceive  that,  perhaps,  in  progress  of 

lected  into  a  globular  compass  of  less  than  one  time  these  nebule  whidi  are  alrea^  in  a  stale 

minute,  it  must  of  course  be  more  than  1900  of  compression  may  be  stiU  further  compres- 

times  denser  than  it  was  in  its  original  state,  sed  so  as  actually  to  become  stars.    It  may 

This  proportion  of  density  is  more  than  double  be  supposed  that  solid  bodies  such  as  we  siqv 

that  of  water  to  air."  pose  the  stars  to  be,  firom  the  analogy  of  their 

The  smaU  nebuls  re{»esented  in  No.  70  light,  with  that  of  our  sun  when  seen  at  the 

are  stellar  nebulae^  which  approach  to  the  ap-  distance  of  the  stars,  can  hardly  be  formed  of 

pearance  of  stars,  and  one  or  two  of  doubtful  a  condensation  of  nebulous  matter ;  but  if 

character.    The  four  figures  marked  No.  71,  the  immensity  of  it  required  to  fill  a  cubical 

represent  separate  views  of  the  gradual  con-  space  which  will  measure  ten  minutes,  when 

densation  of  the  nebulous  substance.   In  these  seen  at  the  distance  of  a  star  of  the  eightii  or 

we  may  evidently  perceive  a  striking  grad&-  ninth  magnitude,  is  well  considered,-and  pro- 

tion  in  the  lig^t  and  brilliancy  of  the  central  perly  compared  with  the  very  small  angle  oar 

parts.    The  figure  on  the  left  hand  side  re-  sun  would  subtend  at  the  same  distance,  no 

presents  an  object  nearly  in  its  original  state  degree  of  rarity  of  the  nebulous  matter  to 

of  nebulosity ;  the  next  towards  the  right  ap-  which  we  have  recourse  can  be  any  objection 

pears   considerably  condensed  towards  the  to  the  solidity  required  for  the  construction  of 

central  parts ;  the  third  figure  represents  a  a  body  of  equal  magnitude  with  our  son." 
condensation  still  greater.;  and  the  one  on       The  nature  of  these  nebule  is  involved  in 

the  right  hand  exhibits  a  condensation  neariy  considerable  darkness  and  mystery.    As  in 

complete,  or  a  huge  luminous  body  surrounded  the  case  of  some  of  the  other  qiedes  of  these 

with  a  lucid  atmosphere.    Each  of  these  is  phenomena,  »o  in  this,  tiie  mind  fbela  unable 

the  representative  of  an  extensivB  class  of  ob-  to  form  any  definite  or  satisfiu^tory  eoncep* 

jects  of  this  description.  tions  on  the  subject    The  fi>llowing  remarks 


C«16) 


of  Sir  J.  Herschel  comprise  most  of  what  can 
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be  Mated,  in  the  mean  tone,  on  this  Aitject:-—  Ifae  nniveiae,  but  are  aabservient  to  pmpoaee 

'*'  Wbatever  be  tfaeir  nature,  they  most  be  of  worthy  of  Him  whose  wisdom  is  infinite,  and 

enoimoiis  magnitade.    One  of  tiiem  is  to  be  whose  understanding  is  unsearchable. 

tend  in  the  paralld  of  f  Aquarii,  and  about  The  four  figures  towards  the  right  hand 

five  minatea  preceding  that  star.  Its  apparent  of  the  plate,  marked  No.  69,  represent  80iz«e 

diameter  b  about  twenty  seconds.    Another,  specimens  of  planetary  nebuhe.  One  of  those 

in  the  oonstellation  Andromeda,  presents  a  bodies  may  be  seen  near  the  star  v  Aquaiii, 

▼iaible  diakof  twelve  seconds  perfectly  defined  as  above  stated.    Its  right  ascension  is  neariy 

and   roand.    Granting  these  objects  to  be  20^  53^,  and  its  south  declination  about  13^ 

equally  distant  from  us  with  the  stars,  their  26^.    It  lies  north  by  west  of  the  star  Deneb 

real  dimeoaions  must  be  such  as  would  fill,  on  Algedi,  at  the  distance  of  about  ten  degrees. 

the  .owest  computation,  the  whole  orbit  of  Other  nebulffi  of  this  description  may  be  found 

Uranus,    It  is  no  leas  evident  that,  if  they  be  near  the  following  stars  ^--3  j9  Sagittas,  14 

solid  bodies  of  a  solar  nature,  the  intrinsic  Andromeda,  63  6*Grateris,  61  ^  Sagitts,  10 

sptondour  of  their  surfaces  must  be  almost  in-  Camelopardus,  86  Ursn  Majoris,  6  Navis^ 

finitely  in&rior  to  that  of  the  sun's.    A  circu-  and  6  DraconiB.    About  three  minutes  west 

lar  portion  of  the  sun's  disk,  subtMiding  an  from  the  star  16  c  Gygni  the  following  phe- 

angle  of  twenty  seconds,  would  give  a  fight  nomenon  is  found: — A  bright  ^point  a  little 

equal  to  IQOfuU  moong,  while  the  objects  in  extended,  like  two  pmnts  close  to  each  other, 

question  are  hardly,  if  at  all,  discernible  with  It  is  as  bright  as  a  star  of  the  eighth  or  ninth 

the  naked  eye.    The  uniformity  of  their  disks,  magnitude,  surrounded  by  a  very  bright  milky 

and  their  want  of  apparent  central  oondensar  nebulosity,  suddenly  terminated,  having  the 

[ion,  would  certainly  augur  their  light  to  be  appearance  of  a  planetary  nebula  with  a  lucid 

m^nely  superficial,  and  in  the  nature  of  a  hoi-  centre.    The  border  is  not  well  defined ;  it  is 

low  superficial  shell ;  but  whether  filled  with  perfectly  round,  and  about  one  minute  and 

solid  or  gaseous  matter,  or  altogether  empty,  thirty  seconds  in  diameter.    This  is  a  beauti- 

it  'would  be  a  waste  of  time  to  conjecture.  fril  phenomenon,  and  of  a  middle  species  be- 

In  this  description  there  is  nothing  which  tween  -the  planetery  nebula  and   nebulous 

strikes  the  mind  with  such  astonishment  as  stars. 

the  enormous  magnitude  of  these  planetary  Sir  John  Herschel,  during  his  late  residence 
nebafae.  A  globular  body  which  would  fill  at  the  Cape  of  Good  Hope,  is  said  to  have 
the  orbit  of  Uranus  would  contain  24,429,-  discovered  several  new  and  sing^ar  objects  in 
081,600,000,000,000,000,000,000,  or  more  the  southern  hemisphere,  some  of  them  bear- 
than  twenty-four  thousand  ^uarft7/i<m«  of  solid  ing  a  certain  relation  to  the  objects  now  de- 
miles.  The  solid  contents  of  the  sun  is  about  scribed ;  among  others,  he  is  said  to  ha'^c  de- 
357,000,000,000,000,000,  or  three  hundred  tected  a  beautiful  planetary  nebula,  which 
and  fifty-seven  thousand  billions  of  cubical  presents  a  perfectly  sharp,  well-defined  disk 
milea.  If  the  ^rmer  number  be  divided  by  of  uniform  brightness,  exhibiting  the  exact 
the  latter,  the  quotient  will  be  68,428,800,000,  appearancce  of  a  small  planet  with  a  satellite 
showing  that  the  nebula  in  question  would  near  its  margin.  The  rRgular  compactness 
eontain  within  its  circumference  sixty-eight  and  globular  form  of  such  objects  seem  to  in- 
thousand,  four  hundred  and  twenty-eight  mil-  dicate  that  they  ore  bodies  sut  generis,  neither 
fiona,  and  eight  hundred  thousand  globes  as  collections  of  distinct  stars  nor  exactiy  of  the 
large  as  the  svsr.  A  body  of  such  bulk  is  same  nature  with  the  other  masses  of  nebu« 
more  than  thirty-four  billions,  two  hundred  lous  matter  dispersed  through  the  heavens, 
thousand  millions  of  timea  larger  than  all  the  They  seem  to  present  a  view  of  an  immense 
primary  planets  and  their  satelUtes  which  be-  system  already  completed,  but  of  what  nature 
long  to  our  system.  What  is  the  special  dee-  it  would  be  vdn  to  conjecture.  Another  phe- 
tination  of  such  huge  masses  of  matter,  or  nomenon  of  this  kind  is  stated  as  being  of  an 
what  important  designs  they  subserve  in  the  extraordinary  nature,  on  account  of  the  blue 
^yaical  and  moral  arrangements  of  the  Grov-  colour  which  its  light  exhibits.  He  has  like- 
emor  of  the  universe,  it  is  beyond  our  power,  wiM  discovered  a  close  double  star  involved 
in  the  mean  time,  to  form  even  a  probable  in  the  centre  of  a  nebulous  atmosphere,  which 
conjecture.  Future  generations  may  perhaps  is  oomndered  as  a  new  and  singular  object, 
be  enabled  to  throw  some  light  on  this  sub- 
ject, though  it  is  probable  that  the  nature,  Skctiost  IV. 
pvoperties,  and  ultimate  designs  of  many  such 

(ibjects  will  only  be  fully  disclosed  throughout  On  the  Nebula  in  Orion. 
the  revolutions  of  that  interminable  duration 

which  succeeds  the  short  span  of  human  ex-  One  of  the  largest  and  most  remarkable 

iflteace ;  but  of  this  we  may  rest  assured,  that  nebula  in  the  heavens  is  that  which  is  toond 

they  un  not  useless  masses  of  materials  in  in  the  constellation  of  Orion.    When  a  coib- 
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mon  Dbwrrcr  look*  It  that  conMeHaltan,  tha 
firal  otgvct  that  arresti  hit  allonlion  it  the 

three  lirMliant  alare  cqui-diilant  from  each 
other  in  a  straight  line,  whicb  »  called  the 
Ml  of  Orion.  ImnHHiiatelj  bclinr  these, 
hanging  donn  ai  it  were  rrom  the  middle  of 
the  belt,  three  uiiall  itan  it  nearly  equal  dis- 
tances are  perceived,  which  are  tenned  Ihe 
ivxird.  On  directing  the  naked  eye  to  the 
middle  star  of  the  tl!ree,the  abadKcr  perceives 
comelhing  that  haa  the  appeaimnce  of  a  amalt 
star,  but  not  well  defined ;  this  is  the  great 
nebula  of  Orion  :  of  which,  however,  he  can 
(arm  no  definite  conception  till  his  eye  be  aa- 
■ivted  by  optical  inetnimenls.  With  s  com- 
mon one-fool  pocket  achromBlic  telescope  IJle 
nebulosity  loay  be  plainly  ptvcelved;  but  the 
higher  the  msgnilytng  power,  and  the  larger 
the  aperture  of  the  object  ^aH,  the  more 
brillisjit  and  distinct  doea  thi*  pfaanooieDon 
appear,  along  with  a  number  gi  amall  stars 
oonnected  with  it,  which  an  quite  inviaible  ia 
■  eye. 


The  flnt  who  diacorered  Aia  pheaoiniBK 

WOK  the  celebrated  Ruygena.  who  gaye  tha 
following  description  of  it  in  his  &filema  So- 
luniiHui! — "Astonomen  place  three  Man 
close  to  each  other  in  the  >ward  of  Oiiini, 
and  when  I  viewed  the  middlentost  with  s 
telescope  in  the  year  1656,  there  appearad.  in 
the  place  of  that  one,  twelve  other  Mara; 
among  these,  three  that  almost  touch  each 
other,  and  four  more  besides  a^^ared  twiot 
ling  aa  through  a  cluud,  as  that  the  space 
about  them  seemed  much  brighter  than  liia 
teat  of  tae  hesvena,  which  appearing  nhoUj 
blackish,  by  reason  of  the  lur  weather,  wis 
seen  aa  through  a  certain  opening,  throngta 
which  one  had  a  free  view  into  another  regioD 
which  was  more  enlightened.  I  haie  frr- 
quently  obecrred  the  same  appearance  in  Ibe 
same  place,  withont  any  alteration;  so  that 
it  is  likely  that  this  wonder,  whatever  it  msj 
be  in  itself,  has  been  there  from  all  times  \  hit 
I  never  took  notice  of  any  thing  like  it  among 
the  rest  of  the  fixed  stars." 

Pig.  72  exhibits  aview 
■  of  this   phenomenon  as 
byDr.LonginlT4l 


with  a 


■n-feetr*' 


Incting  telescope,  whidi 
appears  ciaotly  the  sbidb 
shape  as  originally  deli- 
neated by  Huygens ;  bat 
the  apparent  magniludci 
of  the  stars  connerteJ 
with  it  are  mote  accu- 
rately aliown  than  in  the 
engraved  delineation  of 
Huygens.  Lr.  Longiaji 
that  the  luminous  space 
haa  sometiroea  appcafed 
to  him  nearly  of  the  sanM 
shape  as  the  Ggaro  which 
ia  formed  by  the  seven 
■tan  within  it.  Fig.  73 
represents  the  same  ne- 
bola,  aa  seen  by  Sir  W. 
Herachel  in  the  year  17T4 

'  in  ISII.  Its  ship 
appears  considerably  d* 
ferent  from  the  delinet- 
tigns  of  Huygena  and  Di. 
Long;  biittheatarswitb- 

and  around  it,  whiiji 
t  common  to  both  de- 
lineations, appear  nearly 
in  the  aamc  relative  poo- 
tion.  Sir  John  HeracheJ 
haa  given  a  repreacnlatioii 
of  this  nebula,  aa  viewid 
through  the  twenty-ftet 
reflector  at  Slou^  whidi 
appears  considerablj  dif' 
fennt  fitmi  the  Gguna  li 
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wlucb  IhaTe  referred,  I  have  frequently  viewed  I  examined  the  nebulous  star,  and  found  it  to 

•his  phenomenon  with  telescopes  of  different  be  fiiintly  surrounded  with  a  circular  glory 

aies,  particularly  with  a  six  feet  and  a  half  of  whitish  nebulosity,  ftuntly  joining  it  to  the 

achromatic,  having  an  aperture  of  four  inches  great  nebuls.    About  the  latter  end  of  that 

diameter,  and  which  showed  sidereal  objects  year,  I  remarked  that  it  was  not  equally  sur- 

with  great  brilliancy  and  distinctness ;  but  Cbe  rounded,  hut  most  nebulous  towanls  the  south, 

shape  of  the  object  appeared  more  neariy  re-  In  1784,1  began  to  entertain  an  opinion  that 

sembling  Dr.  Long's  representation  (fig.  72)  the  star  was  not  connected  with  the  nebu- 

than  any  other  delineation  I  have  seen.    A  losity  of  the  great  nebulie  of  Orion,  but  was 

fourth  star  was  distinctly  seen  in  addition  to  one  of  those  which  are  scattered  over  that 

the  three  represented  by  Dr.  Long  near  the  part  of  the  heavens.  In  1801, 1806,  and  1810, 

head  of  the  opening,  but  smaller  than  the  thisopinionwas  fully  confirmed  by  the  gradual, 

cither  three,  and  forming  with  them  a  small  change  which  hai^ned  in  that  great  nebule 

irregular  square.    The  three  other  stars,  in-  to  which  the  nebulosity  surrounding  the  star 

stead  of  being  within  the  one  side  of  the  ne-  belongs  ;.for  the  intensity  of  light  about  the 

bola,  as  represented  iii  both  the  figureS)  ap-  nebulous  star  had  hy  this  time  been  consider- 

pearrd  quite  beyond  it,  but  nearly  in  a  lino  ably  reduced  by  the  attenuation  of  dissipa- 

with  «ts  margin.     Whether  this  was  owing  tion  of  the  nebulous  matter,  and  it  seemed 

to  the  inaccuracy  of  the  delineation  or  to  the  now  to  be  pretty  evident  that  the  star  is  far 

actual  change  of  the  nebula  I  do  not  pretend  behind  the  nebulous  matter,  and  that  comse- 

to  determine.    The  left-hand  branch  of  the  quently  its  light  in  passing  through  it  i» 

nebula  likewise  appeared  considerably  longer  Scattered  and  deflected  so  as  to  produce  the 

than  here  represented ;  but  I  cannot  pretend  appearance  of  a  nebulous  star."  . . . .  "  When 

to  say  what  the  appearance  may  be  as  seen  I  viewed  this  interesting  object  in  December, 

through  a  twenty-feet  reflecting  telescope.  1810, 1  directed  my  attention  particularly  to 

In  forming  a  proper  conception  of  this  oh-  the  two  nebulous  stars  by  the  sides  of  the 
ject,  it  is  of  some  importance  to  ascertain  the  large  one,  and  found  they  were  perfectly  free 
exact  appearance  it  has  presented  at  different  from  every  nebulous  appearance,  which  con- 
periods,  and  whether  there  be  reason  to  con-  firmed  not  only  my  former  surmise  of  the 
clode  that  it  has  been  subject  to  changes.  The  great  attenuation  of  the  nebulosity,  but  also 
following  is  Sir  J.  Herschers  description  of  proved  that  their  former  nebulous  appearance 
this  phenomenon :  had  been  entirely  the  effect  of  the  passage  of 

"  I  know  not  how  to  describe  it  better  than  their  feeble  light  through  the  nebulous  matter 
by  comparing  it  with  a  curdling  liquid,  or  a  spread  out  before  them.  Thel9thof  Januaiy, 
surface  strewed  over  with  flocks  of  wool,  or  to  1811, 1  had  another  critical  examination  of 
the  breaking  up  of  a  mackerel  sky,  when  the  the  same  object,  in  a  very  clear  view,  through 
doods  of  which  its  consists  begin  to  assume  a  the  forty-feet  telescope ;  but  notwithstanding 
cirrous  appearance.  It  is  not  very  unlike  the  the  superior  light  of  this  instrument,  I  could 
mottling  of  the  sun^s  disk,  only,  if  I  may  so  not  perceive  any  remains  of  nebulosity  about 
express  myself  the  grain  is  much  coarser  and  the  two  small  stars,  which  were  perfectly 
the  intervals  darker,  and  the  fioccuU,  instead  clear,  and  in  the  same  situation  where  about 
of  being  generally  round,  are  drawn  into  thirty-seven  years  before  I  had  seen  them  in- 
little  wisps.  They  present,  however,  an  ap-  volved  in  nebulosity.  If,  then,  tho  light  of 
pearance  of  being  composed  of  stars,  and  these  three  stars  is  thus  proved  to  have  un- 
their  aspect  is  altogether  diflerent  from  that  dergone  a  visible  modification  in  its  passage 
of  resolvable  ncbube. ,  In  the  latter  we  fancy  through  the  nebulous  matter,  it  follows  that 
by  glimpees  that  we  see  stars,  or  that  could  its  situation  among  the  staris  is  less  distant 
we  strain  our  sight  a  little  more  we  would  from  us  than  the  largest  of  the  three,  which  I 
see  them ;  but  the  former  suggests  no  idea  of  suppose  to  be  oi  tho  eighth  or  ninth  magnitude, 
stars,  but  rather  of  something  quite  distinct  Tho  furthest  distance,  therefore,  at  which  we 
from  them."  can  place  the  faintest  part  of  the  great  nebula 

The  following  are  some  of  Sir  W.  Her-  in  Orion,  to  which  the  nebulosity  surrouud- 

•chol's  remarks  on  this  nebula,  and  on  the  ing  the  star  belongs,  cannot  well  exceed  the 

■tars  with  which  it  is  connected :  region  of  the  stars  of  the  seventh  or  eighth 

« In  the  year  1774,  the  4th  of  Mluch,  I  oh-  magnitude." 
served  the  nebulous  star  which  is  the  43d,  of        From   these  observation  it  would  appear 

the  Connoissanee  da  TempSt  and  is  not  many  that  the  nebulosities  connected  with  the  great 

minutes  north  of  the  great  nebuls ;  but  at  the  nebula  aro  Subject  to  certain  changes,  and 

same  time  I  abo  took  notice  of  two  similar,  that  its  distance  from  our  system  is  less  than 

but  much  amaller,  nebulous  stare,  one  on  each  that  of  stars  of  the  eighth  magnitude,  since  a 

s%de  of  the  large  one  and  at  nearly  equal  dia-  portion  of  the  nebulous  matter  interposes  be- 

tances  from  it     (See  fig.  73,  ^cc)    In  1783,  tween  our  sight  and  staiB  of  this  description. 
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But  this  dtftuoemurt  be  very  great    Ifstan  boandaiies?  .  Or,  maywesoppoae  tbat  afci- 

of  the  eighth  mugnitude  are  to  be  considered  minodty  of  m  ifast  extent  aenrea  the  ympiMB 

at  an  avenge  as  eight  tunes  further  distant  of  a  thousand  sans  to  ten  thousands  of  <^Miqiic 

than  those  of  the  first,  then  this  nebula,  can-  globes  which  revolve  'within  its  wide  circom- 

not  be  supposed  to  be  less  than  320,000«000,-  fereiYce  1    Consideiingthe  divosified  methoda 

000,000,  or  three  hundred  and  twen^  billions  of  Divine  operation,  and  the  vast  vaiietf  of 

of  miles  fit>m  the  earth.    If  its  disjoeter  at  modes  by  which  worlds  are  ananged  and  ezfe- 

this  distance  subtend  an  angle  of  ten  minutes,  lightened,  it  is  not  imposible,  nor  even  impro- 

which  it  nearly  does,  its  magnitude  must  be  bable,  that  numerous  worlds  may  be  in  this 

utterly  inconceivable.    It  has  been  calculated  way  ilhiminated  with  a  perpetual  and  unin- 

that  it  must  exceed  2,000,000,000,000,000,-  terrupted  day.     As  there  appear  to  be  worlds 

000,  at  two  trillions  of  times  the  dimensions  connected  with  one  sun,  with  two,  with  three, 

of  the  sun,  vast  and  incomprehensible  as  these  and  even  more  suns,  so  there  may  be  thouaanda 

dimensions  are,  of  worids  cheered  and  illuminated  without 

This  nebula  has  never  yet  been  resolved  such  a  sun  as  ours,  and  with  an  eflulgenoe  of 
into  stars  by  the  highest  powers  of  the  tele-  light  which  is  common  to  them  all.  But  on 
scope  that  have  yet  been  applied ;  nor  is  there  these  points  we  flhall  never  be  ahle  to  arnve 
any  reason  to  believe  thst  it  consists  of  a  at  certainty  so  long  as  we  sojourn  in  this 
system  of  stars,  as  is  the  case  with  many  other  sublunary  sphere.  Suffice  it  to  say,  that  such 
nebuks  which  appear  much  smaller,  and  are  an  enormous  mass  of  iuminious  matter  was 
evidently  more  distant.  It  is  therefore,  in  all  not  created  in  vain,  but  serves  a  purpose  in 
probability,  a  mass  of  self-luminous  matter  not  the  divine  arrangements  corresponding  to  its 
yet  formed  into  any  system  or  systems,  but  of  magnitude  'and  the  nature  of  its  luminoBty, 
what  nature  it  would  be  vain  to  conjecture,  and  to  the  wisdom  and  intelligence  of  Him 
Whether  it  is  more  condensed  than  when  it  whose  power  brought  it  uito  existence.  It 
was  first  observed  nearly  two  hundred  years  doubtless  subserves  some  important  purposes, 
ago,  as  some  have  conjectured,  or  whether  even  at  the  present  moment,  to  worlds  and 
any  portions  of  it  have  shifted  their  position,  beings  vrithin  the  range  wof  its  influence, 
as  seems  to  have  been  the  opinion  of  Sir  W.  Were  we  placed  as  near  it  as  one-half  the 
Herschel  from  the  observations  above  stated,  distance  of  the  nearest  star,  great  as  that  dis- 
appears on  the  whole  somewhst  uncertain,  tance  is,  from  such  a  point  it  would  exhibit 
On  this  point  Sir  J.  Herschel  makes  the  an  efiulgence  approximating  to  that  of  the  ' 
following  remark :  —  **  Several  astronomers,  sun ;  and  to  beings  at  much  nearer  distances 
on  comparing  this  nebula  with  the  figures  of  it  would  fill  a  large  portion  of  the  sky,  and 
it  handed  down  to  us  by  its  discoverer,  Huy-  appear  with  a  splendour  inexpressible.  Bui 
gens,  have  concluded  that  its  form  has  under-  the  ultimate  design  of  such  an  object,  in  all 
gone  a  perceptible  change ;  but  when  it  is  its  bearings  and  relations,  may  peihaps  ra- 
oonsideved  how  difficult  it  is  to  represent  such  main  to  be  evolved  during  the  future  ages  of 
an  object,  duly,  and  how  entirely  its  ap-  an  interminable  existence ;  and,  like  many 
pearance  will  differ  even  in  the  same  tele-  other  objects  in  the  distant  spaces  of  crealioo, 
scope,  according  to  the  clearness  of  the  air,  it  excites  m  the  mind  a  longing  desire  to  be- 
or  other  temporary  causes,  we  shall  readily  hold  the  splendid  and  mysterious  scenes  of  the 
admit  that  we  have  no  evidence  of  change  universe  a  little  more  unfolded, 
that  can  be  relied  on." 

"The  phenomenon  we  have  now  been  con-  Sectiox  V. 

templating  is  calculated  to  suggest  a  train  of 

reflections  and  inquires — What  is  the  grand  On  the  Nebular  Hypothetii, 
design  in  the  fiystem  of  nature  of  such  an  im- 
mense mass  of  luminosity — a  mass  of  lumi-  I  have  ahready  stated  that  the  uebnla  mav 
nous  matter  to  which  the  wh^c  solar  system  be  arranged  into  two  classes,  the  resohabk 
•is  but  only  as  a  poinf^-a  mass  at  least  and  irre$ohable.  When  Sir  W.  HerM^l 
twen^-nine  millions  of  times  larger  than  a  commenced  his  observatioiM  on  the  nebulous 
g\<Aie  vfhich  would  Jill  the  orbit  of  Uranus  P*  part  of  the  heavens,  and  for  several  yeaiv 
Is  it  in^a  state  of  perfection  completely  answer-  afterwards,  he  was  disposed  to  consider  the 
ing  the  ultimate  end  of  its  creatioix,  and  will  nebttle  in  general  to  fa«  no  other  than  clua* 
it  remain  for  ever  in  that  statel  Or,  is  it  ters  of  stars  disguised  by  their  veiy  great  dis- 
only  a  chaotic  mass  of  materials  progressing  tanoe ;  but  a  long  experience  and  better 
towards  some  glorious  consummation  in  the  acquaintance  with  tiie  nature  of  uebule  coo- 
future  ages  of  eternity,  when  worlds  and  sys-  vinced  him  that  such  a  principle  ought  not  tp 
terns  will  be  evolved  from  the  changes  and  be  universally  admitted,  dthmigh  a  duster  of 
rsvalutians  now  going  forward  within  its  stars  may  undoubtedly  assume  a  nebulooa 
.  *  Bee  pag«  03.  appearance  when  it  is  too  remote  for  us  to 
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dbeem  ths  stmn  of  which  it  is  compoied.  rogeneons  mafli  of  aoUdity  w  we  find  iu  the 

Whea  he  perceiyed  that  additional  hght  had  oonstitntion  of  the  temqneoua  globe;  and  it 

Boeflbcttniesolving  certain  nebuls into stan,  has  been  insinuated  that  the  zodiacal  light  is 

he  was  forced  to  the  conclnsion,  that  though  a  portion  of  the  original  nebola  of  which  the 

milky  nebula  may  contain  stars,  yet  there  are  sun  and  planets  were  formed,  and  a  presump- 

ilso  nebulosities  vvhich  are  not  composed  of  tive  evidence  that  the  nebular  hypothesis  is 

them,  nor  immediately  connected  with  them.  true.    According  to  these  theorists,  the  sun 

Hence  astronomerB  have  been  constrained  is  still  to  be  conndered  as  a  nebulous  star  in 

to  idmit  the  existence  of  a  certain  species  of  a  high  state  of  condensation,  and  may  exhibit 

fine  lumbsons  matter,  distinct  fit>m  stars,  or  such  an  appearance  when  viewed  fiom  a 

pbuieti,  or  any  other  materials  existing  around  neighbouring  system, 
as,  which  ii  diffused  in  immense   masses       Such  conclusions,  to  say  the  least,  are  ob- 

IhroQghout  the  spaces  of  the  universe.    The  viously  premature.    We  know  too  little,  in 

laige  nebula  in  Orion,  described  above,  is  the  meantime,  of  the  nature  of  that  nebulous 

etmadered  as  one  of  the  most  striking  evi-  matter  which  is  dispersed  through  the  hea- 

denoes  that  such  a  substance  is  distributed  vens,  or  of  the  motions  with  which  its  parti* 

throughout  the  sidereal  regions ;  for  the  whole  cles  may  be  endued,  to  be  able  to  determine 

li^t  and  power  of  Herachertf  forty-feet  tele-  its  susceptibility  of  being  condensed  and  ar- 

■cope,  though  four  feet  in  aperture,  was  in-  ranged  into  suns  and  planets.    We  have 

■offident  to  resolve  it  into  stars,  although  never  yet  seen  the  same  nebula  progressing 

from  certain,  circumstances  it  appears  to  be  firom  one  stage  of  condensation  to  another, 

one  of  the  nearest,  as  it  is  one  of  the  bright-  from  a  chaotic  to  a  state  of  organiiation;  nor 

est,  of  those  nebulous  masses.    It  has  there-  is  it  likely  we  ever  shall,  even  supposing  the 

hn  become  a  subject  of  interesting  inquiry,  hjrpothesis  to  be  well  founded,  as  an  indefinite 

"  What  are  those  huge  masses  of  unformed  number  of  years,  or  even  cf  ages,  must  be 

matter  we  call  the  nebula  1  and  what  pup>  requisite  before  such  a  revolution  can  be  a& 

poses  do  they  serve  in  the  economy  of  crea-  compUshed.    Yet  the  observations  of  future 

turn?"  astronomers  on  this  department  of  the  side 

It  is  an  opinion  now  very  generally  enter*  real  heavens  may  tend  to  throw  some  addi 
tamed,  that  the  self-luminous  matter  to  which  tional  light  on  thu  mysterious  subject 
we  lefer  is  the  chaotic  materials  out  of  which  It  forms  no  conclusive  argument,  however, 
new  sons  or  worlds  may  be  formed,  and  that  against  this  hypothesis  that  it  is  difficult  to 
it  is  gradually  concentrating  itself  by  the  conceive  how  a  fluid  of  a  nature  so  apparently 
efiect  of  its  own  gravity,  and  of  the  droular  rare  can  ever  be  condensed  to  the  hardness 
motions  of  vrhich  it  may  be  susceptible,  into  of  a  planet  or  a  son ;  for  if  we  suppose  a  ne- 
denser  masses,  so  as  ultimately  to  efiect  the  bulosity  in  its  most  difilised  state  to  be  twenty 
arrangement  and  establishment  of  sidereal  minutes  in  diameter,  and  to  be  compressed  l^ 
lystems.  It  is  argued  that  thif  opinion  is  central  attraction  and  rotary  motion  till  it  be- 
highly  probable,  from  the  consideration  that  come  only  one  minute  in  diameter,  the  ratio 
we  find  the  nebida  in  almost  every  stage  of  of  its  density  in  the  latter  state  compared  with 
eonderuation.  Such  nebuls  as  are  repre-  that  of  the  former  would  be  as  eight  thousand 
sented  in  Figures  59  and  62  are  viewed  as  to  one,  since  spheres  are  to  each  other  as  the 
eoosisting  of  nebulous  matter  in  its  rudest  cubes  of  their  diameters.  Suppose  its  den- 
sod  most  chaotic  state ;  and  Figures  68,  64,  si^  in  the  first  state  were  equal  to  that  of 
66,  and  also  Figures  66,  67,  68,  as  similar  atmospheric  air;  its  density,  when  oompressed 
Dstter  in  a  state  of  progress  towards  condei^  in  the  proportion  supposed,  would  be  nine 
smion.  The  four  figures  marked  71  are  con-  times  heavier  than  water,  which  is  nearly 
fldered  as  spedmens  of  this  gradual  conden-  equal  to  the  weight  <^  silver,  and  twice  the 
sstioo,  in  which  the  prc^gress  may  be  traced  average  density  <^  our  globe ;  but  if  such  a 
fium  the  leftphand  figure  to  the  ri^t  It  has  process  be  going  on  in  any  of  tiiese  bodies, 
ever  been  maintained  by  some  late  writers  on  numerous  ages  must  elapse  before  such  a 
this  subject  that  this,  in  all  probability,  is  the  consolidation  can  be  efiected,  for  no  sensiblB 
mode  in  which  the  diflerent  systems  of  the  change  appears  to  have  taken  place  during 
universe  were  gradually  brought  into  the  state  the  period  in  which  such  bodies  have  come 
in  which  we  now  behold  tfiem,  and  that  the  under  our  observation, 
son  and  planets  of  the  system  to  which  we  Nor  do  we  conceive  that  this  hypothesis  is 
belong  derived  their  origin  from  a  similar  inconsistent  with  what  we  know  of  the  attri- 
canse;  and  it  has  likewise  been  attempted  to  butes  and  operations  of  the  Almighty;  for  all 
oonnect  the  geological  changes  in  the  structure  the  movements  and  changes  going  on  in  our. 
cf  oar  globe  with  the  (^ration  of  a  principle  terrestrial  system  and  throughout  the  universe 
sr  law  hy  which  such  a  thin  filmy  substance  are  the  ef^cts  of  certain  laws  imprevwd  iipos 
as  a  nebula  was  condensed  into  such  a  hete-  matter  by  the  hand  of  the  Creator,  by  tht  i 
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anifona  operation  of  which  hi-)  wise  and  be-  is  open  to  xid ;  and  as  the  double  stan  havt 
nefieient  designs  are  accomplished.  If,  then,  yielded  to  this  style  of  questioning,  and  di»> 
it  forms  a  part  of  his  designs  that  new  suns  closed  a  series  of  relations  of  the  most  intelli- 
and  systems  shall  be  formed  to  diversify  the  gible  and  interesting  description,  we  may 
spaces  of  immensity,  and  if  he  has  created  reaM>nably  hope  that  the  assiduous  study  df 
huge  masses  of  sublile  luminous .  matter,  and  the  ncbuhe  will  ere  long  lead  to  some  clearer 
endued  them  with  certain  gravitating  powers  understanding  of  their  intimate  nature." 
and  rotary  motions  for  this  purpose,  his  On  the  whole,  the  nebuls,  whether  resolv- 
almighty  agency  and  infinite  wisdom  may  be  able  or  irresolvable,  open  to  view  an  inex- 
as  clearly  and  magnificently  displayed  in  this  haustible  field  of  contemplatioa  and  wonder, 
case  as  if  a  system  of  worlds,  completely  or-  By  far  the  greater  part  of  the  nebuls  are  im- 
ganized,  were  to  start  into  existence  in  a  mo-  doubtedly  clusters  of  stars,  some  of  them  per- 
raent  Perhaps  the  gradual  evolution  of  his  haps  containing  as  many  millions  as  oar 
designs  in  such  a  case  might  afford  matter  of  Milky  Way,  and  occupying  a  space  in  the 
admiration  and  enjoyment  to  certain  orders  tracts  cff  immensity  which  imagination  can 
of  superior  beings  who  are  privileged  to  take  never  fathom ;  but  a  considerable  proportion 
a  near  view  of  such  stupendous  operations,  of  these  bodies  evidently  appear  to  be  masses 
But  supposing  such  physical  processes  going  of  self-luminous  substances,  without  any  indi- 
forward,  we  must  necessarily  admit  that  a  cation  ofbeing  formed  into  organized  systems; 
direct  interference  of  the  Deity  is  neeessary  and  how  enormous  must  be  the  extent  of 
before  such  uxtrlds,  afi^er  being  organized,  can  most  of  those  masses,  and  how  vast  the  ro 
be  replenished  with  inhabitants  ;  for  matter  gions  of  space  which  they  fill !  If  every  one 
and  motion,  by  whatever  laws  they  may  bo  of  those  bodies  be  only  onc-hnlf  the  size  of 
directed,  cannot  be  supposed  to  produce  the  the  great  nebula  in  Orion,  what  a  prodigious 
organization  of  a  plant  or  an  animal,  much  mass  of  matter  must  they  contain,  and  what 
less  of  a  rational  being,  whose  intellectual  an  inunense  space  must  hundreds  and  thou- 
principle  and  faculties  must  bo  communicated  sands  of  them  occupy !  To  limited  minib 
by  the  immediate  "  inspiration  of  the  Al-  such  as  ours,  such  spaces  appear  as  approxi- 
mig^hty."  To  suppose  otherwise  would  be  mating  to  infinity^  and  all  our  previous  ideas 
virtually  to  adopt  a  species  of  atheism.  of  the  amplitude  of  planetary  systems  sink 

All  ^at  we  require  on  this  point  is  some  into  something  approaching  to  inanity, 
more  direct  and  decisive  proofs  of  the  validity  Whatever  purposes  these  inunense  masses 
of  the  hypothesis  we  are  now  considering ;  of  matter  may  serve  under  the  administratioD 
and  till  such  proofs  ho  elicited  we  are  not  of  Infinite  Wisdom,  certain  it  is  they  exi^ 
warranted  to  enter  into  particular  specula-  not  in  vain.  They  accomplish  designs  worthy 
tions,  and  to  speak  with  so  much  confidence  of  the  plans  of  Divine  Intelligence,  and  have 
on  the  subject  as  certain  theorists  have  lately  doubtless  a  relation,  in  one  respcsct  or  another, 
done.  Sir  John  Herschel,  who  has  paid  more  to  the  enjoyments  of  intelligent  beings ;  bat 
attention  to  this  subject,  and  made  more  ac-  the  full  dcvelopement  of  the  plans  and  agencies 
curate  observations  on  this  nebuls,  than  of  the  Deity  in  this  and  in  many  other  parts 
almost  any  other  individual,  is  &r  from  being  of  the  economy  of  the  universe,  must  be  con- 
confident,  and  speaks  with  becoming  hesitation  sidercd  as  reserved  for  another  and  a  future 
and  modesty  in  relation  to  this  hypothesis,  scene  of  existence. 
"  If  it  be  true,"  says  he,  "  that  a  phospho- 
rescent or  self-luminous  matter  exists,  dissemi-  Szcnoir  VI. 
nated  through  extensive  regions  of  space  in 

the  manner  of  a  cloud  or  fog, — ^now  assuming  lAst  of  same  of  the  Larger  Nebulm* 

capricious  shapes  like  actual  clouds  drifted  by 

the  wind,  and  now  contractmg  itself  like  a  For  the  sake  of  those  who  wish  to  inspect 
comctic  atmosphere  around  particular  stars —  some  of  the  nebulous  bodies  by  means  of  tele- 
what,  we  naturally  aak,  is  the  nature  and  dea-  scopes,  I  have  subjoined  the  following  IM 
tination  of  this  nebulous  matter  1  Is  it  ab-  from  Messier^s  Catalogue,  along  with  tb<« 
sorbed  by  the  stars  in  whose  neighbouriiood  more  recent  observations  of  Sir  W.  Herschel. 
it  is  found  to  furnish,  by  its  condensation.  The  right  ascensions  and  declinations  are 
their  supply  of  light  and  heat  T  or  is  it  pr>  given  in  degrees  and  minutes,  by  which  the 
gressively  concentrating  itself  by  the  effect  of  places  of  these  bodies  may  be  very  nearly 
its  own  gravity  into  masses,  and  so  laying  the  found  on  a  celestial  globe.  If  it  be  jadged 
foundation  of  new  sidereal  systems  or  of  insu-  expedient  to  reduce  ^e  degrees  and  minSitr* 
lated  Stan  ^  It  is  easier  to  propound  such  of  right  ascension  to  timet  it  may  be  done  by 
questions  than  to  offer  any  probable  reply  to  the  following  rules : — ^Divide  the  number  at 
them.  Meanwhile,  appeal  to  fact,  by  the  degrees  by  15,  the  quotient  is  hours;  and  tht 
•  Method  of  constant  and  diligent  observatioD,   remaindi^x  reduced  to  vdnutes  and  ^vided  ky 
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\5y  givef  the  minutes,  dtc.  of  time:  or,  multi- 
ply the  given  number  of  de^ees  and  minutes 
by  4,  and  divide  the  degrees  in  the  product 
by  69,  the  quotient  is  hours,  and  the  remain- 
der minutes,  ice  Thus,  320^  17'  is  equal 
to  2 1  hours,  21  minutes,  ahd  8  seconds  of 
dme. 

In  the  ibUowing  Ust,  R.  A.  means  right  as- 
cension; dec,  declination;  8.,  south;  N., 
north ;  diam.,  diameter  of  the  object,  which  is 
expressed  in  minutes  of  a  degree. 

1.  ILA.  80<»  Sy  33";  dec  N.  21°  46'  27"; 
above  the  Bull's  southern  horn  west  of 
the  star  |.'  this  consists  of  a  whitish 
light,  elongated  like  the  flame  of  a  taper: 
it  exhibited  a  mottled  nebulosity  to  Sir 
\V.  Herschel. 

2.  R.A.  320°  17';  dec  8.  1°  47';  diam.  4'; 
in  the  head  of  Aquarius,  near  the  24th 
star:  it  appears  like  the  nucleus  of  a 
comet,  surrounded  with  a  large  round 
nebula:  Sir  W.  Herschel  resolved  it 
into  stars. 

3.  R.A.  202°  51'  19";  dec  N.  29°  32' 
57";  diam.  3';  between  Arcturus  and 
Car  Caroli :  it  is  round,  bright  in  the 
centre,  and  &des  awaj  gradually :  it 
exhibited  a  mottled  nebulosity  to  Sir  W. 
Herschel. 

4.  R.A.  242°  16'  26";  dec  8. 25°  65'  40" ; 
diam,  2^';  near  Antares:  a  mass  of 
stars. 

5.  R.A.  226°  39';  dec  N.  2°  57';  diam. 
3';  near  -6  Seppent:  a  round  nebula, 
resolved  into  stars  by  Sir  W.  Herschel. 

6.  R.A.  261°  10'  39" ;  dec  8.  32°  10'  34"; 
diam.  15';  between  the  bow  of  Sagitta- 
rius and  the  tail  of  Scorpio :  a  mass  of 
small  stars. 

7.  lUi.  264°  30'  24" ;  dec  8.  34°  40'  34"; 
diam.  30' :  a  mass  of  small  stars  near  the 
preceding. 

8.  R-A.  267°  29'  30" ;  dec  8.  24°  21' ; 
diam.  30' ;  between  the  bow  of  Sagitta- 
rius and  the  right  foot  of  Ophiuchus :  an 
elongated  mass  of  stars.  Near  this  mass 
is  the  9th  of  Sagittarius,  which  is  encir- 
cled with  a  faint  light. 

9.  R. A.  256°  SOi' ;  dec  8.  18°  13'  26"; 

diam.  3' ;  in  the  right  leg  of  Ophiuchus: 
round  and  fiiint,  but  resolved  by  Sir  W. 
Herschel  into  stars. 

10.R.A.  251°  12'  6";  dec  8.  30°  42^; 
diam.  4' ;  in  the  girdle  near  30  Ophiu- 
chus: a  fine  and  round  nebula,  resolved 
into  stars  by  Sir  W.  Herschel* 

11.  R^.  279°  85'  43";  dec  8.  6°  31'; 
diam.  4' ;  near  K  Antinoas :  a  mass  of 
many  stars,  mixed  with  a  fiiint  light 

1S.R.A.  S4SO  43';  dec  8.  2°  30^';  diam. 
9' ;  between  the  arm  and  left  side  of 


Ophiuchus:  round  and  faint,  near  it  is 
a  star  of  the  ninth  magnitude :  resolved 
into  stars  by  Sir  W.  Herschel. 

13.  R.A.  248°  18'  48" ;  dec  N.  36°  64' 
44";  diam.  6';  in  the  girdle  of  Her- 
cules, between  two  stars  of  the  eighth 
magnitude:  round,  and  bright  in  the 
middle,  resolved  into  stars  by  Sir  W. 
H  cischel 

14.R.A.  261°  18J';  dec  8.  3°  6'  45"; 
diam.  7' ;  in  the  drapery  over  the  right 
arm  of  Ophiuchus:  round  and  faint: 
near  a  star  of  the  ninth  mi^nitude :  re- 
solved into  stars  by  Sir  W.  Herschel. 

15.  R.A.  319^  40';  dec  N.  10°  40';  diam, 

3' ;  between  the  head  of  Pegasus  and 
that  of  the  Little  Horse:  round,  an*] 
bright  in  the  centre,  resolved  into  stars 
by  Sir  W.  Herschel. 

16.  R.A.  271°   15';    dec  N.  13°  61' 44"; 

diam.  8';  near  tlie  Serpenfs  tail;  a 
mass  of  small  stars,  mixed  with  a  faint 
light,  resolved  by  Sir  W.  Herschel. 

17.R.A.  271°  45'  48";  dec  a  16°  14' 
44" ;  diam.  5';  nortti  of  the  bow  of  Sa- 
gittarius: a  train  of  fiiint  light,  with 
stars. 

18.R.A.  271°  34';  dec  S.  17°  13';  diam. 
5';  above  the  preceding:  a  mass  of 
small  stars,  surroimded  with  nebulosity. 

19.  R.A.  252°  1'  46" ;  dec  8.  25°  54'  46"  ; 

diam.  3' ;  between  Scorpio  and  the  right 
foot  of  Ophiuchus :  round,  and  resolved 
into  stars  by  Sir  W.  Herschel. 

20.  R.A.  267°  4'  5" ;  dec  S.  22°  59'  10" ; 

between  the  bow  of  Sagittarius  and 
right  foot  of  Ophiuchus :  a  mass  of  stars 
of  the  eighth  and  ninth  magnitudes, 
surrounded  with  nebulosity. 

21.  R.A.  267°  31'  35";    dec  8.  22°  31' 

25";  diam.  6';  near  11  Sagittarius: 
similar  to  the  preceding. 

22.  R,A.  275°  28'  39"  ;  dec  8.  24°  6'  11"; 

diam.  15';, near  25  Sagittarius:  round, 
and  resolved  into  stars  by  Sir  W.  Her- 
scheL 

23.  R.A.  265°  42'  50" ;    dec  8.  18°  45' 

55" ;  diam.  1°  30' ;  near  65  Ophiuchus. 
a  mass  of  stars  very  near  each  other. 
34.  R.A.  270°  26' ;  dec  8.  18°  26' ;  near 
end  of  the  bow  of  Sagittarius  in  the 
Milky  Way:  great  nebulosity  contain- 
ing several  stars,  the  light  is  divided 
into  several  parts. 

25.  R.A.  274°  25' ;   dec  8.  19°  6' ;  diam. 

10';  near  preceding,  near  21  Sagitta- 
rius I  a  mass  of  small  stars. 

26.  RA.  278°  5'  22" ;  doc  8.  9°  38'  14" ; 

diam.  2';  near  n  and  o  Antinous:  a 
mass  of  small  stars. 

27.  R.A.  237°  21'  41";    dec  N.  22°  4'; 

diam.  4' ;  near  14  of  the  Fox :  oval : 

(683) 
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it  exhibited  a  mottled  nebulosity  to  Sir  between  the  Great  Do^b  heed,  end  the 

W.  Henchel.  hind  feet  of  the  Unicom :  e  maei  of  itan 

%S.  R JL  272°  20^^ ;  dec  a  24°  57' ;  diam.  with  a  tittle  nebuloeity. 

2';  a  degree  from  ^  Sagittarius:  round,  47.  R^  116°  4^  dec  S.  14°  SiK ;  nearths 

and  xesolved  into  stais  by  Sir  W.  Her-  preceding :  a  mass  of  email  stars. 

scheL  48.  RJ^.   120°  S&;    dec   8.  1°  1^  42"; 

29.  R.A.  308°  b^' ;  dec  N.  37°  12^;  bekm  near  the  three  stars  at  the  root  of  Uni- 

y  Cygni :  a  mass  of  seven  or  eight  small  corn's  tail :  a  mass  of  small  stara 

stars.  40.  R.A.   184°  26'  58^' ;  dec  N.  9°  16^  9" ; 

30.  RJ^.  321°  46^  dec  S.  24°  19^;  diam.  near  p  Vugo. 

2';  near  41  Capricorn:  round,  and  re-  60.  R.  A.  102°  57}^;  dec  8.  7°  6r42"; 

^Ived  into  stars  by  Sir  W.  Herschel.  above  $  Great  Dog :  a  mass  of  small 

31.  R.A.  7°  26^' ;  dec  N.  39°  9^' ;  diam.  stars  below  Unicorn's  right  thigh. 

40^;  in  Andromeda's  girdle:  it  resem-  61.  R.A.  200°  6'  48^';  dec  N.48°  24'  24"; 

bles  two  cones  of  tight  joined  at  their  below  ij  Great  Bear,  near  the  ear  of  the 

base,  which  is  16'  broad:  resolved  into  Northern  Greyhound:  double:  the  two 

stars  by  Qir  W.  HerscheL  atmospheres,  whose  centres  are  4'  35" 

82.  R.A.  7°  27^' ;  dec  N.  38°  46}' ;  diam.  distant,  touch  one  another,  and  are  bright 

2';  below  the  preceding:  round,  with-  in  the  middle;  the  oneisfiunter  than 

out  stars,  and  with  a  fidnt  light  the  other :  resolved  into  stars  by  Sb  W. 

83.  R.A.  20°  9^ ;  dec  N.  29°  32}' ;  diam.  Herschel. 

16';  below  the  head  oi  the  North  Fish  68.  BJi.  348°  39j';   dec  N.  60^  29";  be- 

and  the  Great  Triangle :  its  light  is  uni-  low  d  Cassiopeia :    a   mass    <^  stais 

form  and  whitish :  it  exhibited  a  mottled  mixed  with  a  nebulosity,  aocoidiDg  to 

nebulosity  to  Sir  W.  HerKhel.  Sir  W.  Herschel :  this  cluster  appean 

34  R.A.  36°  61}' ;  dec.  N.  41°  39^;  diam.  like  a  sotid  ball,  oonsiating  of  small  Stan, 

Id' ;  between  Medusa's  head  and  the  quite  compressed  into  one  blaze  of  ligjht, 

left  foot  of  Andromeda:  a  mass  of  small  with  a  great  number  of  loose  ones  sur- 

starSi  rounding  it. 

36.  R.A.  88°  40^;  dec  N.  24°  33}^;  diam.  68.  R.A.  196°  30}';  dec  N  19°  82'  44"; 

20' ;  near  |»  and  »  Castor :  a  mass  of  near  42  Berenice's  hair :  round,  and  i^ 

small  stars  near  Castor's  left  foot  solved  into  stars  by  Sir  W.  Henchel 

36.  R.A.  80°  11'  42";  dec  N.  84°  8'  6";  64,  R.A.  280°  13';  dec  S.  80°  44';  diam. 

diam.  9';  near  ^  Bootes;  a  mass  of  6';  in  Sagittarius:  fiiint,  and  bright  in 

small  stars.  the  centre. 

87.  R.A.  84°  16';  dec  N.  32°  12';  near  the  65.  R.A.  291°  30}^ ;  dec  &  81°  26}';  m 

preceding :  a  mass  of  small  stars,  with  a  Sagittarius :  a  white  spot,  resolved  into 

nebulosity,  resolved  into  stars  by  Sir  W.  stars  by  Sir  W.  Herschel 

Herschel  66.  R.A.  287° ;  dec  N.  29°  48';  near  the 

88.R.A.  78°  10';  dec  N.  86°  12';  near  «•  Milky  Way,  fidnt,  resolved  into  stars  by 

Auriga :  a  square  mass  of  stars.  Sir  W.  Herschel 

89.  R.A.  320°  67';  dec  N.  47°  26';  diam.  67.  RJl.  281°  20';  dec  N.  82°  46';  between 

16' ;  near  the  Swan's  tail :  a  mass  of  y  and  /3  Lyre:  round, and  consisting  of 

small  stars.  a  mottled  nebulosity. 

40.  RJV.  182°  46}^ ;  dec  N.  69°  24' ;  diam.  68.  R.A.  136°  37}' ;  dec  N.  13°  2'  42";  m 

1° ;  at  the  root  of  the  Great  Bear's  tail :  Virgo :  very  ftdnt,  without  any  star, 

two  stars,  very  near  each  other.  69.  R.A.  187°  41'  38" ;  dec  N.  12°  62}'; 

41.  R.A.  98°  68';  dec  S.  20°  83';  below  near  the  preceding:  very  ftint,  without 

Sirius :  a  mass  of  small  stars.  any  star. 

42.R.A.  80°  69'  40";  dec  S.  6°  34' 6";  60.  R.A.  188°  r ;  dec  N.  12°  46' ;  in  Virgo : 

diam.  6' ;  between  9  and  c  in  Orion's  brighter  than  the  two  preceding. 

sword:   a  beautiful  nebula  containing  61.  RA.  182°41';  decN.6°  12';myiigo: 

seven  small  stars.  very  fiiint 

43.R.A.  81°8';  decs.  6°26'37";  above  62.  RJL  261°  48}';  dec  &  29°  46}';  m 

the  preceding:  a  star  surrounded  with  Scorpio:  tike  a  comet,  with  a  brilUaot 

nebulosi^.  centre  surrounded  with  a  ftint  tight ;  ro- 

44.  R.A.  126°  60}^;  dec  a  20°  81}^;  be-  solvedinto  stars  by  Sir  W.  Herschel 

tweeny  and 6  Cancer:  a  mass  of  small  68.  RA.  196°  6}';  decN.  48°  12}';mdis 

stars.  Canes  V enatid :  very  faint 

46.  RA.  63°  27'  4^';  dec  N.  28°  22'  41";  64.  RA.  191°  2r  38" ;  dec  N.  22°  62}', 

the  Pleiades:  a  chister  of  stan.  in  Beienioe's  hair :  &int 

46.  RA.  112°  4r  48";  dec  S.  14°    19';  66.  RJL  166°  61';  dec  N.  14<»  W;  m  thi 
1624) 
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Lion:  fiunft,  but  nnolved  into  ftara  by  near  the  preceding:  ikiiit  and  elongated. 

Sir  W.  Herachel.  with  a  telescopic  star  at  its  extremity ; 

SC  lU.  ler  1 V  39"^ ;  dec  N.  W  12^  2V' ;  it  showed  a  mottled  nebulosity  to  Sir  W. 

very  near  the  preceding :  very  fiunt,  but  Hezschel. 

lesolTed  into  stars  by  St.  W.  Herschel  88.  R.A.   201^  S' ;  dec.  8.  28^  42}' ;  near 

67.  ILA.  189''  7' ;  dec  N.  12^  36'  38^' ;  be-  the  head  of  the  Cksntaur :  very  faint 

.    low  the  northern  claw  of  the  Crab:  a  84.  R.A.   lSd9  30|';  dec  N.  l^^  7';    in 

a  mass  of  stars  with  nebulosity.    It  is  a  Yiigo :  bright  in  the  centre,  and  sur- 

duster  pretty  much  compressed,  in  which  rounded  with  nebulosity. 

Sir  W.  HeiBchel  has  obserrad  200  stars  85.  R.A.    183<»  36'  21'';  dec  N.  19<>  24}'; 

at  once  with  a  power  of  1 57.  (See  p.  79.)  above  and  near  Spica :  veiy  laint 

68.R.A.  186'>64}';deca25<'d0i';diam.  86.ltA.  IBS'"  46'  21";   dec  W  W;m 

2f ;  below  the  Crow,  veiy  faint  Virgoz  the  same  as  No.  84,  and  near  it 

69.  RA.  274*   11'   46";  dec  8.  32*>  81'  87.  R.A.   184°  56';  dec  N.   13«  38';  in 

45";  diam.  2';  below  the  left  aim  of  Viigo:  as  luminous  as  the  preceding. 

Sagittarius:  faint,  like  the  nucleus  of  a  88.  ILA.  185°  16' ;  dec  N.  15°  88^ ;in  Viigo: 

small  comet  veiy  fiint,  and  like  No.  58. 

70.  R^.  277°  18' ;  dec  8.  320  81' ;  diam.  89.  RJL  186°  O'  36" ;  dec  N.  18°  46'  49"  5 

2' ;  near  the  preceding,  near  four  tele-  near  No.  87:  yery  fidnt 

scopic  Stan.  00.  R.A.   186°  2r ;  dec  N.  14°  28' ;  in 

Tl.  ILA.  295°  59'  9";  dec  N.   18°    13';  Vii^  :  veiy  ftint 

diam.  3'  30";  between  v  and  d  of  the  91.  R.A.   186°  87' ;  dec  N.  14°  5^  ;  abova 

Arrow:  veij  faint,  ami  resolved  into  the  preceding:  fisonter  than  the  pre- 

staxs  by  Sir  W.  Herschel.  ceding. 

72.  ILA.  310°  20^  49" ;  dec  8. 13°  20^  51" ;  92.  ILA.  257°  38';  dec  N.  43°  22' ;  diam. 

diam.  2f ;  above  the  tail  of  Capricorn :  5' ;  between  the  knee  and  left  leg  of 

fiunt,  but  resolved  into  stars  by  Sir  W.  Hercules;  a  beautiful  nebula,  bright  in 

HerscheL  the  centre,  and  surrounded  vrith  great 

73.R.A.  311°  48';  dec  8.  18°   28'  40"  nebulosity:  resolved  mto  st^rs  by  Sir 

near  the  preceding:  three  or  four  small  W.  Herschel 

Stan,  containing  a  tittle  nebulosity.  93.  ILA.  1 1 3°  48'  35" ;  dec  S.  23°  19'  45" ; 

74.  ILA.  21°   14';    dec  N.  15°  39'  85"-  diam.  8';  between  the  Great  Dog  and 

near  17  in  the  string  that  connects  the  Ship :  a  mass  of  small  sta**^ 

Pishes:  very  &int,  but  resolved  into  stars  94«  ILA.  190°  10' 46" ;  decN.42*'io  ^  , 

by  Sir  W.  Herachel  diam.  2^ ;  above  Cor  Caroti :  bright  in 

7&  ILA.  298°  17'  24" ;  dec  S.  22°  32'  23" ;  the  centre,  with  a  diffiised  nebulosity. 

'      between  Sagittarius  and  the  head  of  95.  ILA.   158°  8'  5";  dec  N.  12°  50'  21"; 

Capricorn:  composed  of  small  stars  with  in  the  Lion,  above  /:  very  fiiint 

nebuloMty.    The  astronomer  Mechain  96.  ILA.   158°  46}';  dec  N.  12°  58' ;  near 

makes  it  only  nebulous.  the  preceding :    fiunter  than  the  pra- 

76.  ILA.  3»°  10' 47" ;  dec  N.  50°  28' 48" ;  ceding. 

diam.  2';  in  Andromeda's  right  foot:  97.  ILA.   165°  18'  40";  dec  N.  56°  isy ; 

composed  of  small  stars  with  nebulosity,  diam.  2';  near  ^  GkeatBear:  veiyfrint: 

small  and  fiunt  another  near  it,  and  and  another  near  w. 

n.  ILA.  37°  52J';  dec  8.  5^  48";  in  the  98.  ILA.  180°  50'  49";  decN.  16°  8'  15''; 

Whale:  a  mass  of  stars  contatidng  ne-  above  the  north  wing  ofVirgo:  very  faint 

bnloeity.  99.  ILA,  181°  55'  19"  ;  decN.  15° 37'  12"; 

78.  ILA.  83°  53i^;  dec  &  1'28";  diam.S';  on  the  north  wing  of  Virgo:  brighter 

in  Orion:  a  mass  of  stars  with  two  bright  than  the  preceding:  between  two  stars 

nuclei,  surrounded  with  a  nebulosity.  of  the  seventh  and  eighth  magnitude. 

79.  ILA.  78°  49';  dec  8.  24°  43";  below  100.  RA.  182°  59'  19";  decN.  16°  59' 21"; 

the  Hare :  a  fine  nebula,  bright  in  the  in  the  ear  of  com  of  Virgo :  brighter  than 

centre,  and  a  little  diffused,  resolved  into  No.  98.                                     ^ 

a  mottled  nebulonty  by  Sir  W.  Herschel  lOL  ILA.  208°   62';  dec  N.  55°  24^25"; 

60.  Rj^.  241°;  dec  8.  22°  25';  diam.  2';  diam.7';betwe6nthe  left  hand  of  Bootes 

between  y  and  j  Scorpio :  round,  and  and  the  tail  of  the  Great  Bear :  very 

bright  in  the  centre,  like  a  comet  &int:  discovered  by  Mechain :  mottled 

81.  ILA.  1 44°  27'  44" ;  dec  N.  70°  7'  24" ;  nebulosity,  according  to  Sv  W.  HerscheL 

near  the  ear  of  the  Great  Bear:  a  Uttle  102.  Between  o  Bootes  and  1  Draconis ;  very 

oral, bright  in  the  centre,  and  exhibiting  fiunt:  discovered  by  Mechain. 

a  mottled  nebulosity  to  Sir W. Herschel.  108.  Between  a  and  5  Cassiopeia:  amaai  </ 

•t.R.A.144°29'22";  dec  N.  70°  44' 27";  stars. 

79  8G        (690V 
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CHAPTER  XIII. 
On  the  Merraiian  cf  the  Slots,  and  on  their  Ptoper  MoHong, 

Ths  aberration  of  the  fixed  stan  is  a  small  rays  of  light  proceeding  from  it  striking  onr 
change  of  place  in  the  heavens  which  they  eyes,  and  we  see  the  place  of  the  object  in  the 
seem  to  undergo,  and  by  which  they  appear  Erection  in  which  they  proceed.  If  light  be 
to  describe,  in  file  course  of  a  year,  an  ellipsis  in  motion  and  the  eye  at  rest,  the  object  will 
€r  circle,  the  greatest  diameter  of  which  is  appear  in  its  real  place,  provided  no  refracting 
about  forty  seconds.  This  remarkable  &ct  medium  intervene ;  but  if  the  eye  be  in  mo- 
was  discovered,  near  the  middle  of  the  last  tion,  and  this  motion  in  a  difierent  direction 
century,  by  the  celebrated  Dr.  Bradley,  for-  from  that  of  the  rays  of  light,  the  object  will 
merly  Regius  Professor  of  Astronomy  at  Green-  not  be  seen  in  its  true  possti«n.  Let  us  sup- 
wkh.  pose  the  earth  in  its  circuit  round  theson  just 

In  Chaptet  IV.,  when  describing  the  mode  arrived  opposite  to  a  fixed  star,  which  send* 

of  finding  the  parallaxes  of  the  fixed  stars,  I  ofi*  rays  perpendicularh/  to  the  direction  of 

have  given  a  brief  detail  of  the  circumstances  the  earth  s  motion.    The  eye  of  the  spectator 

which  led  to  tins  discovery,  and  the  observa-  meets  the  ray,  and,  as  he  perceives  not  his 

tions  firom  which  the  aberration  of  the  stais  own  motion,  he  supposes  the  %ht  to  be  nionog 

was  deduced.    Before  perusing  the  following  in  a  difierent  direction ;  as  when  we  sail 

illustrations  of  this  subject,  it  may  not  be  im-  along  a  winding  river,  certain  objects  on  the 

proper  for  the  reader  to  reperuse  what  was  banks  appear  to  pass  us  in  difierentdirections. 

there  stated  in  reference  to  this  point,  parti-  The  eye  misses  the  perpendicular  ray,  but 

cularly  the  illustration   of  this  phenomenon  meets  an  oblique  one,  and  thence  receives  the 

given  in  the  description  of  Fig.  7,  (p.  34,  impression  of  the  light  in  the  directiiHi  which 

86.)     It  is  there  stated  that  Dr.  Bradley  and  results  from  this  compound  motion — ^namely, 

his  friend  Mr.  Mol3rneux  were  very  much  in  the  diagonal  of  a  parallelogram,  the  sides 

perplexed  at  the  result  of  their  observations ;  of  which  represent  the  real  motion  of  light 

since,  instead  of  observing  a  motion  indicating  The  spectator  sees  the  star  in  its  true  {daoe 

an  annual  parallax,  they  found  a  result  direct-  only  when  he  is  approaching  it  or  receding 

W  opposite  to  what  they  expected.    Many  from  it  in  a  straight  line.     When  moving  in 

Ue<mes  and  conjectures  were  proposed  to  any  other  direction,  the  star  appears  a  little  in 

•olve  the  appearances,  but  nothing  satisfactory  advance  of  its  true  position ;  and  these  appa^ 

was  elicited,  Ijill  one  day,  when  Dr.  Bradley  rent  changes  in  the  situation  of  the  heavenly 

was  enjoying  the  amusement  of  sailing  about  bodies,  occasioned  by  the  annual  motion  of 

on  the  Thames,  he  observed  that  every  time  the  earth,  are  distinguished  by  the  aberraiion 

the  boat  tacked,  the  direction  of  the  wind,  es-  of  light.    They  are  common,  to  a  certain  ex- 

dmated  by  the  direction  of  the  vane,  seemed  tent,  to  all  the  celestial  orbs,  and  are  only 

to  change.    This  immediately  suggested  to  more  perceptible  and  striking  in  the  case  d 

nim  the  cause  of  the  phenomenon  which  had  the  fixed  stars.    In  consequence  of  this  aber- 

so  much  perplexed  him,  and  he  ultimately  ration  during  the  revolution  of  the  earth  round 

feund  it  to  be  an  optical  illusion  occasioned  the  sun,  the  stars  appear,  according  as  th^ 

by  a  combination  of  the  motion  of  light  with  are  situated  in  the  plane  of  the  ecliptic,  or  m 

the  motion  of  his  telescope  while  observing  its  poles,  or  somewhere  between  them,  in  the 

the  polar  stars — a  discovery  of  no  inconsidei^  first  case,  to  deviate  in  a 'Straight  line  to'  the 

able  importance,  and  which  will  immortalize  right  or  left  of  their  true  place ;  in  the  second, 

the  name  of  this  sagacious  and  indefatigable  to  describe  a  circle,  or  something  nearly  ap* 

astronomer.    He  perceived  that,  if  light  is  proximating  to  it;  and  in  the  third,  an  ellipse 

propagated  in  time,  the  apparent  place  of  a  about  that  point  which  observation  determines 

fixed  object  will  not  be  the  same  when  the  to  be  their  real  situation, 

eye  is  at  rest,  as  when  it  is  moving  in  any  This  subject  requires  a  little  degree  of  at- 

other  direction  than  that  of  the  line  passing  tention  in  order  to  a  clear  understanding  of  it. 

through   the  eye  and  the  otnect ;   and  that,  Perhaps  the  following  illustrations  may,  is 

when  the  eye  is  moving  in  different  directions,  some  measure,  render  it  plain  to  the  general 

the  apparent  place  of  the  object  will  be  dif-  reader, 

fiarent  Suppose  A  B,  in  the  following  fignia,  to 

We  see  an  object  in  eonsequenoe  of  the  represent  a  part  of  the  oihit  of  the  earth,  tad 
(636) 
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C  B  g  imy  of  light  descending  from  a  star   descent,  be  found  in  the  axis  of  the  tube ;  and 
vpoB  the  earth's  orbit,  il  B ;  if  the  eje  be  at  a  spectator,  referring  to  the  tube  the  motion 

Pig.  74k 
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Fig.  76. 


Rst  at  B,  flie  olject  will  appear  in  the  direo- 
te  B  C;  bat  if  the  eye  be  moving  from 
A  towards  Bf  and  light  be  propagated  with  a 
Teiodty  that  is  to  the  velocity  of  the  eye  (or 
of  the  earth's  motion)  ta  C  B  to  B  A,  that 
particle  of  it,  by  which  the  object  will  be  dis- 
cerned when  the  eye  comes  to  B  will  be  at  C 
when  the  eye  is  at  i4 ;  the  star,  therefore,  will 
tppcar  in  the  direction  A  C ;  and  as  the  earth 
DMves  through  the  equal  parts  of  its  orbit,  A 
HfH  I,  I K,  dec,  the  light  coming  from  the 
•tar  will  move  through  the  equal  £vimons  C 
df  dtfCf^  fg,  g  Bf  and  the  star  will  appear 
•ncceasively  m  the  directions  Hi,  12,  K 3, 
Li,B5,  which  are  parallel  to  ^  C ;  so  that 
when  the  eye  comes-  to  B,  the  object  will  be 
■een  in  the  direction  B  5. 

The  following  is  an  explanation  of  this  phe* 
nomenon  as  given  by  Sir  John  Herschel. 
Soppoae  a  shower  of  rain  to  fall  perpendicu- 
Isily  in  a  dead  calm ;  a  person  exposed  to  the 
Aower  who  should  stand  quite  still  and  up- 
right would  receive  the  drops  on  his  hat,  which 
would  thus  shelter  him ;  but  if  he  ran  forward 
in  any  direction  they  would  strike  him  in  the 
free.  The  effect  would  be  the  same  as  if  he 
nHDained  still,  and  a  wind  should  arise  of  the 
nme  velocity  and  drift  them  against  him. 
doppose  a  ball  to  fidl  from  a  point  A  (fig.  75) 
shore  a  horizontal  line  E  F,  and  that  at  B 
were  placed  to  receive  it  the  open  mouth  of 
an  bdined  hollow  tube  P  Q;  if  the  tube 
were  held  immovable,  the  ball  would  strike 
on  its  lower  side ;  but  if  the  tube  were  carried 
forward  in  the  direction  E  F  with  a  velocity 
properly  adjusted  at  every  instant  to  that  of 
the  ban,  while  preserving  its  incUruttion  to 
the  horizon,  so  that  when  the  ball  in  its  natu- 
nl  descent  reached  C,  the  tube  should  have 
been  carried  into  the  position  J7  <$,  it  is  evi- 
dent that  the  ball  would,  throughout  its  whole 


of  the  ball,  and  carried  along  with  the  former 
unconscious  of  its  motion,  would  fimcy  that 
the  ball  had  been  moving  in  the  inclined  ^ 
rection  R  Sof  the  tube's  axis.     Our  eyes  and 
telescopes  are  such  tubes.    The  earth  is  mov- 
ing through  space  with  a  velocity  of  nineteen 
miles  per  second  in  an  elliptic  path  round  the 
sun,  and  is  therefore  changing  the  direction  of 
its  motion  at  every  instant     Light  travels 
with  a  velocity  of  192,000  miles  per  second, 
which,  although  much  greater  than  that  of 
the  earth,  is  yet  not  infinitely  so.    Time  is 
occupied  by  it  in  traversing  any  space,  and. 
in  that  time  the  earth  describes  a  space,  which 
is  to  the  former  as  19  to  192,000,  or  as  the 
tangent  of  20^^.5  to  radius.  Suppose,  now,  A 
P  Sto  represent  a  ray  of  light  from  a  star  at 
A,  and  let  the  tube,  P  Q,  be  that  of  a  tele- 
scope so  inclined  forward  that  the  focus  firmed 
by  its  object  glass  shall  be  received  upon  its 
cross  wire,  it  is  evident,  from  what  has  been 
said,  that  the  inclination  of  the  tube  must  be 
such  as  to  make  jP  5:  S  Q::  velocity  of 
light:  velocity  of  the  earth::  tangent  20^^': 
1 ;  and  therefore  the  angle  S  P  Q,  or  PS R, 
by  which  the  axis  of  the  telescope*  must  de- 
viate from  the  true  direction  of  the  star,  must 
be  20J". 

The  aberration  of  the  stars  has  also  been 
illustrated  by  the  direction  in  which  a  gunner 
points  his  gun  at  a  bird  on  the  wing.  Instead 
of  levelling  A,  exactly  at  the  bird,  he  directs  it 
a  little  hetute  the  bird  in  the  path  of  its  flight, 
and  80  much  the  more  in  proportion  as  the 
flight  of  the  bird  is  more  rapid  compared  with 
that  of  the  shot  It  may  likewise  be  explained 
by  supposing  a  person  to  be  walking  in  a 
shower  of  rain  wiUi  a  narrow  tube  in  his  hand, 
in  which  case  it  is  evident  that  the  tube  must 
hav^  a  certam  inclination,  so  that  a  drop  of 
rain  which  enters  at  the  top  may  fall  fioelj 
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through  it  without  toochiBg  iti  mdM ;  which  in  motion,  no  muck  efieet  $»  thai  of  the 

inclination  mnst  be  greater  or  leae  aooording  ration  of  the  stan  could  take  plaee.    If  Ike 

to  the  Telocity  of  the  drops  with  respect  to  the  earth  were  at  rest,  rays  firom  a  star  would  pav 

tube.  along  the  axis  of  a  telescope  .directed  to  it. 

From  the  discoveiy  of  the  abenation  of  the  but  were  it  set  in  motion  wMi  its  present  ve> 

Stan  the  following  conclusions,  among  others,  lodtj,  these  rays  would  strike  against  tiie  side 

have  b&n  deduced^ — 1.  That  the  small  ap-  of  the  tube,  and  it  would  be  neoessaiy  to  in- 

parent  motion  which  the  fixed   stars  hare  dine  the  telescope  a  little  in  order  to  see  the 

about  their  real  places,  arises  from  the  pro-  star.    The  angle  contained  between  the  axis 

portion  which  the  Telocity  of  the  earth's  mo-  of  the  telescope  and  a  line  drawn  to  the  tnie 

tion  in  its  orbit  bears  to  that  of  li^L    This  place  of  the  star  is  jUat  what  we  call  its  aber* 

proportion  is  found  to  be  as  1  to  10,810;  or,  ronton,  which  could  not  take  place  if  the  earth 

in  other  words,  lig^t  mores  with  a  velocity  were  not  in  motion.    That  the  earth  i<  a 

ten  -thousand  three  hundred  and  ten  times  planetary  body  moving  through  the  depths  of 

greater  than  that  of  the  earth  in  its  annual  space  along  with  the  other  planeta  of  ouT'Sya- 

course  round  the  sun.*     2.  From  this  dis-  tem  can  be  jn'oved  by  numerous  considen- 

eoveiy  it  is  proved  that  the  velodiy  of  light  tions ;  but  the  fact  of  the  aberralion  of  the 

is  uniform  and  the  same,  whether  as  emitted  stars  exhibits  this  motion  to  our  senses  as 

originally  firom  the  sun  and  stars,  or  reflected  clearly  as  if  from  a  fixed  point  in  the  finna- 

from  the  planets.    The  velocity  of  the  earth  ment  we  actually  beheld  it  pursuing  its  course 

in  its  orbit  is   about  68,000  miles  an  hour ;  through  the  ethereal  regions ;   so  that  the 

consequently,  the  motion  of  light  in  the  same  planetary  nature  of  our  globe,  and  the  troth 

time  is  701,080,000,  or  a  little  more  than  of  the  Copemican  system,  are  no  longer  to 

seven  hundred  millions,  which  gives  about  be  considered  as  mere  hjrpotheses,  but  as  (acts 

eight  minutes  and  eight  seconds  as  the  time  susceptible  of  the  strictest  demonstratian. 
it  wiU  take  in  passing  from  the  sun  to  the 

earth.f    This  is  about  the  same  rate  of  the  On  the  Proper  Motion  of  the  Start, 
motion  of  light  as  first  determined  by  Roemer 

firom  the  eclipses  of  Jiquter's  satellites ;  so  To  the  eye  of  a  common  observer,  all  the 
that  the  two  discoveries  mutually  harmonize  stars  and  constellations  in  the  heavens  appear 
and  confirm  each  other,  and  prove  to  a  demon-  to  preserve  the  same  relative  distances  from 
stration  the  progressive  motion  of  light,  and  eadi  other ;  and  even  astronomers,  not  mon 
that  its  rate  of  motion  is  the  same  whether  as  than  two  centuries  ago  could  perceive  no  sepa- 
emanating  from  the  sun,  reflected  fix)m  the  rate  motions  or  variations  in  the  positions  of 
satellites  of  Jupiter,  or  descending  from  the  these  distant  orbs.  From  this  circumstance 
stars.  3.  The  aberration  of  h^t  afifects  the  they  were  denominated  fixed  dare.,  to  distiii- 
apparent  right  ascensions  and  declinations  of  guish  them  from  the  planets,  which  were  ob- 
ali  the  stars.  Its  efiect  od  each  particular  star  served  to  shift  their  positions,  and  to  more 
is  to  make  it  apparently  describe  a  small  el-  through  different  parts  of  the  heavens.  After 
lipse  in  the  heavens,  having  ibr  its  centre  the  the  telescope  was  invented  and  aj^Ked  to  as- 
point  in  which  the  star  would  be  seen  if  the  tronomical  instruments,  astronomers  began  to 
earth  were  at  rest  Hence,  in  all  very  nice  suspect  that  some  of  the  stars  had  a  slight  de- 
6alculations  and  determinations  of  the  poai-  gree  of  proper  motion  or  change  in  their  rela- 
tions of  the  stars,  allowance  must  be  made  for  tive  position,  but  it  was  a  conaderable  time 
the  effects  produced  by  aberration.  3.  The  before  such  motions  could  be  dirtinctly  asoer- 
aberration  of  light  affords  a  sensible  and  (fi-  tained.  These  motions  fibrst  began  to  be  ob- 
rect  proof  of  the  motion  of  the  earth  in  its  served  by  Dr.  Halley,  and  afterwards  by  Le- 
orbit  round  the  sun.    If  the  earth  were  not  monnier  and  Cassini,  and  were  completely 

confirmed  by  Tobias  Mayer,  who  c<mipered 

*  Tbb  is  the  proportion  of  radius  to  the  tangent  the  places  of  eighty  stars  as  determin^  by 

Sni!r«J?HuT.^Jf°i*  5;if.  w»iich  hi  thf  jrwtest  Roemer  with  his  own  observations,  and  found 

apparent  dlsplacemeBt  of  the  star  caused  by  aber-  .i    ^  ^.              .          ^     r  ^x.         v  j 

j-ailon.  and  the  radios  of  the  circle  described  by  that  the  greater  part  of  them  had  a  proper 

the  star  round  Its  real  place  in  the  coarse  of  a  motion.       He  likewise  suggested   diat  the 

''^r TI.I-  I-  «.-«j  K i.i^i  .      SA  «iA      .*.  change  of  place  he  had  obscNrved  among  these 

t  This  is  fonnd  by  multiplying  10,310  — »  the  .      ®  •  .  f    •     is.                        •          Zi      ^ 

number  of  times  that  the  velocity  of  light  exceeds  *ws  might  anse  from  a  progressivo  motion  oc 

that  of  the  earth,  by  08,000  —  the  rate  of  the  the  sun  towards  one  quarter  of  the  heavens. 

SK'^^'iSr  «,"A*5.**?J'J  ?\S"**"*'.!J  701.080.-  La  Laride  deduced  a  similar  opmion  fnrni  the 

000.    This  product  divided  by  60  gives  the  rate  of  .             *•        _i?  *i.              i.                •        *v  * 

motion  in  a  minute  »  11,684,666.  Divide  05.000,-  n>taiy  motion  of  the  sun,  by  supposmg  that 

000,  the  distance  of  the  sun  f^om  the  earth,  by  the  same   mechanical  force  whidi  gave  it  a 

this  last  number,  and  the  quotient  wiU  give  eight  nM)tion  round  its  axis,  would  also  displace  its 

BBinutes  and  nearly  eight  seconds  as  the  time    _^  ,     .      ..       '      .        r  * _i  »i 

light  should  take  in  passing,  from  the  sun  to  the  centre,  and  give  it  a  motion  of  translatioo  la 

ear  H.  absolute  space.    Of  the  same  opinion  was  80 
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W.  Hiond&el,  and  he  attempted,  by  a  eam- 
jMiifon  of  the  proper  motions  of  all  the  atara 
that  had  been  ascertained,  to  determine  the 
pomt  of  the  heavens  towards  which  the  mo- 
tion of  the  son  was  directed,  which  he  supposed 
iras  that  occupied  by  the  star  Zeta  Herculis. 

If  the  son  really  have  a  motion  in  absolute 
spsoe  directed  towards  any  particular  quarter 
of  the  heavens,  it  is  obvious  that  the  stars  in 
tint  qaaiier  must  appear  to  recede  from  each 
tther,  while  those  in  the  opposite  region,  which 
Ae  son  is  leaving  behind,  must  seem  gpradually 
to  approach,  in  the  same  manner  as  when  we 
walk  through  a  forest,  the  ranges  of  trees  to 
which  we  advance  are  constantly  widening  m 
their  apparent  dbtance  from  eadi  other,  while 
the  di^anoe  (rf*  those  we  leave  behind  is  gradu- 
a|y  contracting.  It  does  not,  however,  appear, 
fimn  the  most  recent  observations,  that  the 
diiectioQ  in  which  the  sun  or  planetary  syth 
tem  is  moving  is  yet  determined,  although  it 
is  admitted  that  our  system  has  a  motion  in 
^Moe,  and  that  the  apparent  proper  motions 
of  tome  of  the  stars  inay  he  the  result  of  our 
bong  carried  in  a  certain  direction  throuj^ 
absolute  ^ce  by  this  motion.  Such  a  mo- 
tion, and  even  the  direction  of  it,  mig^t  be 
deletfted  fay  such  ndereal  observations  as  thoae 
to  which  we  allude,  if  we  knew  accurately 
the  i^iparent  proper  motions  of  those  bodies, 
and  Uiat  diey  were  independent  of  any  g-aie* 
fd  motions  common  to  all  the  stars;  but  in 
the  present  stage  of  aidereal  observation,  it 
ieems  to  be  the  general  opinion  of  the  most 
sminent  astronomers,  that  no  sufficient  data 
an  yet  affinded  for  deducing  definite  condu- 
■ODS  on  this  subject 

The  following  table  contains  a  fow  sped* 
tteos  of  the  annual  proper  motions  of  the 
itaia  in  right  ascension  and  decUnation,  in  se- 
omds  and  decimals  of  a  second,  selected  from 
the  observations  of  Dr.  Maskelyne.  The  first 
ocriomn  contains  the  name  of  the  star;  the 
aeeond,  its  magnitude;  the  thini,,itB annual 
pioper  motion  in  right  ascension;  and  the 
feuith,  its  motion  in  declination. 


IVamM 

IfafBitodc. 

kmmX  Motim 

IdmU  MoOiM. 

ofitoiiaft. 

in  a.  A. 

ioOM. 

Baeonda. 

Sgeopds. 

GipeUa 

+  0.21 

- 

-  0.44  N. 

Siriui 

—  0« 

- 

-  1.04  8. 

C^Hor 

—  0.15 

- 

-  0.44  8. 

Procyon 

1.3 

-0.80 

- 

-0  03  8. 

PoHnx 

—  0.74 

0.00 

fi  Leonts 

l.S 

—  0.57 

4-007  8. 
4-  0.34  8. 

/^Vhvinla 

H-0.74 

Aietttnie 

-i.ao 

4- 1.73  8. 

Aftair 

l,% 

-f  0.48 

—  0.5tN. 

•  LyrB 

+  0.«3 

—  0.37  N. 

A.oures 

0.00 

—  0  86N. 

In  the  above  table,  the  sign  -|-  prefixed  to 
the  annual  variation  of  right  ascension  indi- 
cates that  the  variation  is  to  be  added  to,  and 


the  sign  —  that  it  is  to  be  mibtraeied  from, 
the  right  ascension, 'to  obtain  the  true  place 
of  the  object  at  any  given  time. 

It  is  found  that  not  only  among  single,  but 
even  among  double  stara  such  motions  exist 
While  revolving  round  each  other  in  the 
manner  formeriy  described,  they  are\t  the 
same  time  earned  forward  through  space  with 
a  progressive  motion  common  to  both,  and 
without  sensibly  altering  their  distances  from 
each  other.  One  of  the  most  remarkable  of 
these  is  the  double  star  61  Cygni,  formeriy 
described,  whose  annual  parallax  and  distance 
Profoesor  Bessel  appears  to  have  lately  deter- 
mined.* The  two  stars  of  which  it  is  cohh 
posed  are  neariy  equal  in  apparent  size,  and 
they  have  remained  constantly  at  the  same 
distance  of  15  seconds  for  at  least  fiffy-seven 
years  past,  or  since  their  positions  b^gan  to 
be  accurately  observed.  The  annual  proper 
motion  of  these  two  stars  ia  found  to  be,  ac- 
cording to  Bessel,  S'M^ ;  which  ia  the  greatest 
annual  proper  motion  of  any  of  the  stars 
which  has  yet  been  discovered ;  consequently, 
during  the  period  now  mentioned,  they  must 
have  shifted  their  local  situation  in  the  heavena 
by  a'qpaoe  equal  to  4  minutes,  52  seconds; 
that  is,  a  space  equal  to  more  than  one-seventh 
of  the  apparent  diameter  of  the  moon.  Such 
a  change  of  place  in  bodies  so  immensely  di»> 
tant  as  62,000,000,000,000  of  miles  indicates 
a  prodigious  rapidity  of  motion.  **  The  rela- 
tive motion  of  these  stara  and  the  sun,"  says 
Bessel,  **  must  be  considerably  more  than  six* 
teent  semi-diameters  of  the  earth's  orbit;*' 
that  IS,  1,652,000,000  of  miles.  They  must 
therefore  move  at  the  rate  of  four  Dodltions 
two  hundred  and  fifty-two  thousand  iniles  a 
day,  and  one  hunted  and  seventy-seven 
thousand  miles  every  hour ;  which  is  66,000 
miles  an  hour  greater  than  the  vdodty  of 
Mercury,  which  is  the  swiftest  moving  body 
in  the  planetary  system.  Here,  then,  we  have 
a  system  of  bodies  of  immense  size  moving 
wiUi  amazing  velocity  in  diflerent  directions; 
for  as  these  stars  are  doubtless  suns,  and  ooor 
sequently  have  a  system  of  planets  revolving 
round  each,  the  pluieta  must  move  round  the 
sun  to  which  they  more  immediately  belong, 
and  likewise  round  the  other  sun,  or  their 
common  centre  of  gravity,  and  at  the  same 
time  they  are  carried  forward  to  some  distant 
region  with  the  velocity  now  stated. 

Among  single  stars,  that  which  is  marked 
f/i  Cassiopeia,  one  of  the  smaller  stars  in  that 
constellation,  is  marked  as  having  the  greatest 
proper  motion  of  any  yet  ascertained.  The 
amount  of  its  annual  motion  is  estimated  at 
3|  seconds,  which  in  the  course  of  a  century 
will  amount  to  6  minutes  15  seconds,  a  space 

•  9«6  chap  iv.  p.  37,  tct. 
fAboiUlO^.    8e«p.  38. 
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in  the  heavens  equal  to  one-fjflh  of  the  appa-  ble  to  common  obseiren ;  and  even  with  ths 

rent  diameter  of  the  moon.    If  this  star  be  moat  aoconite  astronomical  instruments  aaunk 

reckoned  at  the  same  distance  from  the  earth  o^  them  cannot  be  determined  until  after  a 

as  the  double  star  61  Cygni,  the  velocity  of  l^iee  of  years.    Such  motions  give  us  retna 

ks  motion  every  day  will  be  3,1 12,000  miles ;  to  conclude  that  all  the  bodies  in  the  univeiae 

every  hour,    130,000 ;    and    every  minute,  are  in  perpetual  motion,  and  many  of  them 

2,160.    The  annual  proper  motion  of  Arctu-  acted  upon  by  separate  foicea,  which  cany 

ms,  in  declination,  is  1''.72,  which  is  nearly  them  in  difierent  directions;  and  although 

one-half  the  motion  of  fi  Gaasiopeia;  and  a  some  of  these  motions  appear  little  more  than 

great  many  others  are  mund  by  observation  just  perceptible  at  the  immense  distance  at 

to  be    constantly  progressing    through  the  which  we  are  placed  from  them,  yet  it  is  piob- 

lieavens  by  annual  intervals  of  different  de-  able  that  even  the  slowest  motion  of  any  cf 

grees  in  extent,  but  generally  smaUer  than  the  stars  is  not  less  than  at  the  rate  of  several 

those  stated  above.    "Riese  changes  of  poai^  thousands  of  miles  evexy  hour,  indirsting  the 

tion  in  the  stars  cannot  be  perceived  by  the  operation  of  fbrees  incompiehenmble  by  the 

Baked  eye,  and  ve  consequently  impercepti-  human  mind. 
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CHAPTER  XIV. 

On  the  DetiinaUon  rf  the  Stars  ,•  or^  the  dengna  they  are  intended  to  tuheerve  in  tie 

System  of  the  Untverse* 

Fon  many  ages  during    the  infancy  of  around  us  could  be  distinguished*     In  the 

astronomy,  the  stars  were  considered  chiefly  absence  of  the  moon  all  would  be  dark,  as 

as  an  appendage  to  the  world  in  which  we  *  was  chaos  before  light  was  fiirmed  to  illunii* 

dwell.    The  crystalline  sphere  in  which  they  nate  creation.     Were  the  light  of  the  stany 

were  supposed  to  be  fixed  was  regarded  as  oibs  extinguished,  instead  of  the  grand  and 

only  the  canopy  of  man's  terrestrial  habitation,  beauti^  aspect  now  presented  fram  above, 

and  the  orbs  with  which  it  is  diversified  as  so  the  firmament  would  appear  only  like  an  im* 

many  brilliant  spangles  to  adorn  it,  and  to  niense  blank,  or  a  boundless  desart,  where 

difi^se  a  few  glimmering  rays  to  cheer  the  nothing  would  be  seen  to  stimulate  human  id" 

darkness  of  the  night    This  celestial  arch,  quiry,  or  todisphiy  the  attributes  of  the  Creator, 

in  which  the  sun  and  moon  are  also  placed.  Those  orbs  are  likewise  of  essential  service 

was  supposed  to  revolve  around  us  evexy  to  diflerent  departments  of  human  life ;  they 

twenty-four  hours,  producing  an  alternate  serve  as  guides  to  the  traveller  when  joumej- 

iuocession  oi  light  and  of  darkness,  while  the  ing  through  vast  and  unfrequented  desarts, 

earth,  as  the  centre  of  the  universe,  was  con-  and  to  the  mariner  when  conducting  his 

flidered  as  remaining  in  a  state  of  perpetual  vessel  from  one  country  to  another  through 

quiescence.   Above  the  visible  heavens,  where  the  wide  and  pathless  ocean.    The  Pole-star, 

&e  stars  are  placed,  nothing  vras  supposed  to  on  account  of  its  appaientlgr  fixed  position, 

exist  except  the  throne  of  the  Almighty  and  has  in  every  age  been  viewed  with  solicitous 

the  abodes  of  the  blessed ;  and  such  axe  still  attention  by  the  navigator ;  and  before  the 

the  contracted  views  of  the  majoiity  of  the  invention  of  the  compass  it  vras  his  principal 

inhabitants  of  our  globe  respecting  that  im-  guide  to  direct  his  bark  to  tiie  desired  haven. 

mense  and  glorious  firmament  with  which  we  In  short,  by  means  of  the  stars  we  have  been 

are  surrounded.  enabled  to  determine  the  exact  length  of  the 

It  is  true  indeed  that  the  stars,  in  a  certain  day  and  of  the  year,  the  various  subdivisioos 

subordinate  sense,  were  intended    for   the  of  time,  the  commencement  and  termination 

benefit  of  man ;  for  we  actually  derive  many  of   the  seasons,  the  circumference  of  the 

advantages  firom  their  apparent  motions  and  globe,  the  density  of  its  materials,  and  the 

influence.    They  present  to  our  view  a  scene  relative  positions  of  places  on  every  part  of 

of  beauty  and  magnificence  which  enchants  its  sur&ce ;  all  which  advantages  it  becomes 

the  eye  and  gratifies  the  imagination,  and  man  duly  to  appreciate,  and  with  a  grateful 

tends  to  raise  the  soul  above  gpx>velling  pur-  heart  to  adore  the  wisdom  and  goodness  of 

suits  and  terrestrial  vanities.   They  cheer  the  Him  ^  who  made  the  sun  to  rule  the  daj 

shades  of  midnight  and  enable  us  to  prosecute  and  the  moon  and  stars  to  rule  the  night," 

our  journeys  after  the  sun  has  left  our  hemi-  and  who  has  rendered  all  his  anangemrjsts 

sphere ;  without  the  influence  of  whose  light  subservient  to  the  happiness  of  his  intelligent 

OUT  winter  evenings  would  be  shrouded  in  offipring. 

fmpenetrable  darkness,  and  not  an  object       But  although  the  stan  arp  of  eaentia) 
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benefit  to  the  inhabitauts  of  our  globe,  yet  wisdom,  and  viewed  as  a  fool  or 'a  maniac 

we  ought  not  fi)r  a  moment  to  imagine  that  Now,  we  are  to  consider  the  Almighty,  in  all 

this  was  the  chief  and  ultimate  end  for  which  his  arrangements  throughout  the  universe,  as 

they  were  brought  into  existence.   We  know  acting  on  the  same  general  principle  which 

tint  they  are  bodies  of  immense  size,  the  least  directs  a  wise  and  intelligent  artist  in  all  hia 

of  them  many  thousands  of  times  larger  than  plans  and  openations ;  for  wisdom  is  an  essen- 

oor  globe.   But  such  a  number  of  magnificent  tial  attribute  of  the  Divinity,  and  all  his  works, 

globes  were  not  necessary,  in  order  to  shed  a  when  minutely  inspected,  must  necessarily 

few  glimmering  rays  upon  the  earth ;  since  display  this  perfection  to  intelligent  minds. 

&e  creation  of  an  additional  moon  would  To  suppose  otherwise,  to  imagine  for  a  mo- 

difiuse  fu  more  light  over  our  world  than  that  ment  either  that  he  has  not  proportionated  one 

which  descends  to  the  earth  from  all  the  visi-  part  of  the  universe  to  another,  or  that  the 

ble  stars  in  the  firmament    And  we  know  greater  part  of  it  was  created  for  no  use' at  all, 

that  the  Creator  does  nothing  in  vain.    It  ia  would  be  the  height  of  profanity  and  impiety, 

the  characteristic  of  infinite  wisdom  to  pro-  and  would  rob  the  eternal  Majesty  of  Heaven 

poitionate  means  to  the' end  intended  to  be  of  one  of  the  most  distinguishing  attributes  of 

accomplished ;  but  in  this  case  there  would  his  nature.    Bearing  this  principle  in  mind, 

be  no  proportion  between  the  means  and  the  we  are  necessarily  led  to  the  conclusion — a 

end — between  creating  a  thousand  globes  of  conclusion  as  certain  as  any  mathematical  fi^ 

light  of  incalculable  magnitude,  and  shedding  monstration— namely,  that  the  benefit  of  the 

a  few  fflinmiering  rays  to  alleviate  the  dark-  inhabitants  of  our  globe  was  not  the  chief  or 

ness  of  midnight ;  and  therefore  thia  cannot  ultimate  design  for  which  the  stars  were 

be  8U{ipo0ed  the  chief  end  of  their  creation,  created,  but  ^at  the  Deity  had  a  higher  and 

without  impeaching  the  wisdom  and  intelli-  more  expansive  design  to  accomplish  in  their 

genoe  of  Him  **  who  stretched  out  the  heavens  formation.    We  do  not  pretend  to  fathom  ali 

by  his  understanding."     Besides,  whatever  the  subordinate  designs  the  Creator  may  have 

inight  be  said  in  reference  to  the  stan  visible  had  in  his  view  in  the  creation  of  the  stare,  or 

to  the  unassisted  eye,  it  is  impossible  for  a  of  any  other  object;  but  as  he  has  endowed 

moment  to  conceive  that  those  thousands,  us  with  rational  faculties  for  the  investigation 

and  ten  thousands,  and  millions  of  stars,  which  of  his  works,  it  is  evident  that  he  intended 

are  only  visible  through  the  most  powerful  we  should  be  able  to  discover  some  of  the 

tdescopes,  and  whose  light  has  never  yet  main  and  leading  designs  which  he  intended 

reached  our  globe,  could  have  been  created  to  accomplish  in  the  formation  of  the  great 

merely  for  the  use  of  the  inhabitants  of  this  bodies  of  the  universe, 
earth.    Such  a  supposition  must  be  for  ever       We  therefore  maintain  that  one  of  the 

discanled  by  every  one  who  would  entertain  grand  and  leading  designs  of  the  creation  of 

an  honourable  and  consistent  idea  of  the  ope-  &ie  stars  was,  that  they  should  serve  as  auru 

rations  of  infinite  wisdom.  to  give  light  to  other  worlds  and  systems  with 

What,  then,  it  may  be  asked,  is  the  chief  which  they  are  more  immediately  connected, 

and  ultimate  destination  of  those  magnificent  This  proposition  I  have  all  along  taken  for 

globes?     We  may  answer  in  general  terms,  granted  in  the  preceding  pages,  and  shall 

that  it  is  a  dcstin^ition  corresponding  to  the  now  adduce  a  few  arguments  to  elucidate  and 

magnitude  and  grandeur,  and  the  intrinsic  support  it 

splendour  of  those  distant  bodies.  It  is  the  1.  They  aUshituhyiheiT  own  native  lighi. 
chazacteristic  of  every  wise  artist  and  architect,  This  is  the  peculiar  characteristic  of  a  sun  in 
that  he  selects  the  most  proper  means  to  ac-  distinction  firom  the  planetary  globes,  which 
oomplish  the  end  intended,  and  proportionates  all  shine  with  reflected  light,  derived  from 
every  part  of  a  machine  or  edifice  to  all  the  the  luminous  centre  around  which  they  re- 
other  parts,  so  as  to  produce  a  harmony  and  vojve.  The  immense  distance  at  which  the 
unity  of  design.  A  philosophical  instrument-  nearest  stars  are  placed  from  our  globe  is  a 
maker,  for  example,  in  constructing  an  orrery  clear  proof  that  they  shine,  not  with  borrowed, 
does  not  make  wheels  of  a  hundred  yards  in  but  with  inherent  splendour ;  for  reflected 
diameter  for  canying  balls  of  less  than  an  light  from  such  a  distance  would  le  entirely 
inch  in  diameter  round  a  circle  of  only  six  dissipated  ere  it  could  reach  our  eyes.  This 
feet  ui  circumference ;  nor  does  a  watdunaker  likewise  appears  firom  actual  observation,  and 
employ  two  hundred  wheels  and  pinions  in  from  a  comparison  of  the  brilliancy  of  thn 
the  construction  of  a  timepiece  when  less  than  fixed  stare  with  that  of  the  planets,  in  which 
a  dozen  may  suffice ;  nor  does  an  architect  there  is  found  a  striking  difference.  Mercuiy 
make  the  portico  of  an  edifice  five  hundred  and  Venus  are  the  two  planets  which  revolve 
times  larger  than  the  whole  structure.  Were  in  the  immediate  neighbourhood  of  the  sun, 
any  indi^ual  to  act  in  this  manner,  he  would  and  consequently  derive  from  him  a  greater 
at  once  be  denounced  as  utterly  destitute  of  portion  of  light  than  any  of  the  other  planets; 
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yet  it  if  found  that  the  lustre  of  the  star  pose  that  such  a  number  of  vast  luminous 

ShiuSf  and  even  that  of  CaptUay  is  much  globes,  placed  at  such  immense    distances 

more  brilliant  than  that  of  either  Mercuiy  or  from  each  other,  and  from  the  earth,  could 

Venus ;  and  it  is  demonstrably  certain  Uiat  have  been  created  solely  for  the  benefit  of 

both  these  stars  are  situated  far  beyond  the  the  inhabitants  of  our  world ;  for  it  would 

orbit  of  Uranus ;  and  therefore,  if  they  derived  argue  a  want  of  wisdom  in  not  proportioning 

their  light  frt>m  the  sun,  they  behoved  to  be  means  to  ends;  since  a  single  star  of  the  one- 

incomparably  more  obscure  than  any  of  the  thousandth  part  of  its  present  bulk,  placed 

planets.    The  lustre  and  brilliancy  which  the  within  a  million  of  miles  of  the  earth,  would 

fixed  stars  exhibit  when  viewed  with  tele-  afibrd  us  far  more  light  than  all  the  stars  put 

scopes  of  large  apertures  and  powers  is  ex-  together. 

ceedingly  striking.    Sir  W.  Herschfil  seldom       4.  Were  we  removed  to  the  distance  only 

looked  at  the  larger  stars  through  his  forty  of  the  nearest  stars,  our  sun  would  i^pear  no 

fret  telescope,  because  their  blaze  was  injuri-  larger  than  one  of  those  twinkling  ortie^  and 

oua  to  his  sight  At  one  time,  after  sweeping  fixmi  some  of  them  he  would  disappear  alto- 

a  portion  of  &ie  heavens  with  that  instrument,  gether ;  at  most,  he  would  appear  only  as  one 

he  tells  us  that  <<  the  appearance  of  Sirius  of  the  small  stars  which  deck  the  firmament, 

announced  itself  at  a  great  distance  like  the  and  probably  one  only  of  the  fifth  or  dxth 

dawn  of  the  morning,  and  came  on  by  de-  magnitude;  consequently  all  the  planets  of 

grees,  increasing  in  brightness,  till  this  brilliant  our  system  would  entirely  disappear.    Even 

siiar  at  last  entered  the  field  of  the  telescope  Jupiter  and  Saturn,  thou^  each  of  them  is  a 

with  all  the  splendour  of  the  rising  sun,  and  thousand  times  Uiger  than  the  earth,  would 

forced  me  to  take  my  eye  from  the  beautiful  be  quite  invisible.  In  reason  of  their  compa- 

sight*'  These  and  oUier  circumstances  clearly  rative  smallness  and  their  shioing  only  by  re* 

show  that  the  stars  are  endued  with  native  JUcied  light    The  system  to  which  we  be- 

splendour,  and   are  not  dependent  on  any  long  cannot  therefore  be  suf^xwed  to  have 

ether  luminaries  for  the  brilliuicy  they  display,  any  immediate   coimexkui   even  with  the 

and  consequently  are  fitted  to  act  as  suns  for  nearest  stars ;  and  these  stars  must  be  consi- 

the  illumination  of  opaque  globes  with  which  dered  as  having  flq)propriate  puipoaes  to  fiilfil 

they  are  more  immediately  connected.  in  their  own  immediate  sphere. 

2.  They  are  placed  at  an  immense  distance  5.  77^  «/ar«,  in  point  of  number,  size  and 
frx>m  our  earth  and  firom  one  another,  and  ^lendour,  constiitUe  abnost  the  whole  «!•(- 
consequently  it  is  impossible  that  they  could  verse,  at' least,  so  fiur  as  it  has  been  flTtfaM»l 
derive  their  lustre  from  our  sun ;  for  the  sun  to  our  view.  The  bodies  which  compose  the 
in  his  present  situation  could  afford  them  no  planetary  system  contain  a  mass  of  solid 
more  light  than  a  single  star  transmits  to  our  matter  about  2480  times  larger  than  that  of 
globe ;  and  to  some  of  the  more  distant  stars  the  earth,  and  the  sun  is  about  600  timet 
his  rays  would  be  altogether  invisible.  And  greater  than  the  whole  of  them  taken  together, 
if  the  sun  cannot  be  supposed  to  en%hten  But  this  system,  great  as  it  appears  in  the 
any  of  those  ort»,  from  the  distance  at  which  eyes  of  mortals,  is  but  as  a  diminutive  ball, 
he  is  placed,  there  is  no  other  body  known  to  or  even  as  a  mere  point,  when  compared  with 
us  whence  their  light  may  be  derived,  if  they  the  myriads  of  stars  which  Uie  firmament  die- 
do  not  shine  with  their  own  native  splendour,  plays,  and  which  the  telescope  has  brought  to 

3.  T%ey  are  bodies  of  immense  magnitude*  view.  These  innumerable  ^obes  of  li^ 
We  have  already  shown,  both  fit>m  mathe-  were  created  for  use — to  subeerve  important 
matical  considerations  and  popular  iUustra-  purposes  in  the  plan  of  the  Divine  adminie- 
tions,  that  the  stars  are  unquestionably  at  a  tration.  They  were  not  launched  througii 
very  great  distance  from  our  globe,  a  distance  the  spaces  of  infinity  at  randooi,  merely  to 
which  is  ahnost  incomprehensible.  (Chap,  display  the  energies  of  Omnipotence,  and  to 
IV.)  Their  bulk  must  therefore  be  very  light  up  the  wilds  of  immensity  with  a  useless 
great  If  they  were  no  larger  than  the  globe  spAendour.  Such  a  supposition  would  be  de- 
on  which  we  live,  they  would  be  altogether  '  rogatory  to  the  attributes  and  character  of  the 
invisible,  even  although  they  shine  with  their  AU-wise  Creator,  and  would  distort  all  the 
own  native  light  Few  of  them  can  be  con-  views  we  ought  to  entertain  of  a  Being  poo- 
sidered  as  much  less  than  our  sun,  and  the  sessed  of  infinite  perfisction.  Those  immeneo 
greater  number  of  them  are  in  all  probability  bodies  must  therefore  be  conceived  as  intend- 
much  larger ;  tiiey  are  therefore  fitted  by  ed  chiefly  to  difliise  their  tight  and  splendoar 
their  enormous'  size,  and  their  consequent  over  worlds  with  which  they  are  more  imnie- 
attractive  power,  to  be  the  centres  of  systems  diately  connected,  and  for  the  ultimate  design 
of  planetaiy  worlds,  and  to  diftuse  around  of  communicating  happiness  in  various  fbraio 
them  to  an  immense  distance  a  splendid  illu-  to  the  difilerent  orders  of  beings  with  which 
mination.    But  it  would  be  absurd  to  sup-  they  may  be  replenished.    What  other  sob* 
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uidiiiate  ends  they  may  aooompluh  in  the  some  large  spots  on  his  sar&ce ;  but  we  have 
gmnd  sdieme  of  the  uiuYene,  besides  the  ad-  no  reason  to  conclude  that  the  stars,  although 
vantages  we  deme  from  them,  is  beyond  our  they  are  aU  luminous  bodies,  are  exactly 
prorince  to  determine.    It  is  not  improbable,  alike  in  every  part  of  their  constitution,  since 
howerer,  that  every  star  or  system,  whether  variety  appears  to  be  a  characteristic  of  all 
single,  binary,  or  ternary,  may  have  a  subor-  the  arrangements    in    the    universe.    The 
dinate  end  to  serve  to  every  other  system,  as  darker  hemisphere  of  the  stars  to  which  we 
forming  parts  of  one  whole  under  the  govern-  allude  may  produce  a  change  of  illumination, 
ment  of  Infinite  Wisdom.    As  we  derive  ad-  which  will  form  an  agreeable  vicissitude  to 
vantages  from  these  orbs,  distant  as  they  are,  the  inhabitants  of  the  worlds  which  roll  around 
and  as  they  diversify  the  ceiling  of  our  earthly  them,  and  which  may  produce  an  effect  some- 
hslntation  with  a  splendid  decoration,  so  they  what  analogous  to  that  which  is  produced  by 
will  tikewise  adorn  the  firmament  of  other  the  alternate  shining  of  a  white  and  a  yellow 
systeius,  and  display  to  the  view  of  their  in-  sun,  as  in  the  case  oi  some  of  the  double 
babitants  both  the  energies  of  Omnipotent  stars,  ^see  pp.  64,  66.) 
Power  and  the  manifold  wisdom  of  God.  Agam,  there  are  stars  whose  periods  of 
6.  We  kave  some  direct  indications  that  variable  lustre  are  much  longer  than  those 
Hit  fixed  atarM  are  in  reality  suns.    It  forms  now  stated.  Some  of  them  pass  through  their 
no  argument  against  the  idea  of  the  stars  periodic  changes  in  331  days,  some  in  494 
being  the  centres  of  systems,  that  we  have  days,  and  others  not  till  after  the  lapse  of 
hitherto  been  unable  to  detect  any  of  their  eighteen  years.    Such  changes,  at  least  in 
revolving  pSanets;  for  unless  such  planets  be  some  ihstanoes,  may  be  accounted  for  by  the 
far  beyond  the  magnitude  of  those  belonging  intervention  of  opaque  vevolving  bodic%  or 
to  oar  ^stem,  and  unless  their  surfaces  be  planets  of  a  large  size,  passing  directly  be- 
fitted to  reflect  the  rays  of  light  with  extraor-  tween  our  eye  and  the  stars,  when  revolving 
dinary  brilliancy,  we  could  not  expect  them  through  that  half  of  their  orbits  which  lies 
to  be  visible  at  the  remote  distance  at  which  next  fiie  earth.  It  is  almost  certain  tl\^t  either 
we  are  placed,  since  the  stars  themselves  ap-  the  one  or  the  other  of  the  circumstances  now 
pear  only  as  shining  points*    But  certain  mentioned  is  the  cause  which  produces  the 
phenomena  which  have  been  observed,  chiefly  phenomena  of  variable  stars,  and  in  either 
within  the  last  century,  give  indication  of  the  case  a  strong  presumption  is  afforded  of  the 
solar  nature  of  the  fixed  stars.    In  the  first  reality  of  other  planetary  systems.    If  rotation 
place,  there  are  phenomena  which  indicate  be  the  cause  of  the  changes  alluded  to,  the 
that  some  of  them  at  least,  like  our  sun,  have  analogy  between  our  sun  and  the  stars  is 
a  rotation  round  their  axes.    In  Chapter  VII.  almost  verified,  for  the  most  eminent  philoso- 
we  have  given  a  brief  view  of  the  phenomena  phers  have  always  considered  that  the  rota- 
of  variable  stars.  One  of  these,  named  Algol,  Uon  of  an  orb  is  necessarily  connected  both 
is  found  regularly  to  pass  through  a  change  with  motion  in  space,  and  with  the  existence 
cf  brightness  from  the  second  to  the  fourth  of  revolving  planets.    If  such  changes  arise 
maginitudB,  and  again  to  its  original  brightness  from  the  interposition  of  opaque  globes,  as  is 
in  two  days  and  about  twenty-one  hours,  highly  probable  in  some  of  the  cases  we  have 
The  star  j3  Lyre  passes  through  a  periodic  stated,  then  we  have  direct  evidence  that  the 
variation,  from  the  third  to  the  fifUi  magni-  stars  are  in  reality  the  centres  of  systems,  and 
tude,  in  six  days  and  nine  hours.    A  star  in  that  their  planets  are  constructed  on  a  scale 
Hercules  varies  its  histre  periodically,  in  the  of  magnifioence  fiur  suipassing  that  of  our 
course  of  sixty  days  and  six  hours.    A  star  solar  system,  (see  Ch.  VTI.  pp.  63,  64.)     It 
in  Sobieaki's  shield  changes  from  the  fifth  to  is  highly  probable  that  both  the  causes  to 
the  seventh  or  eighth  magnitude,  and  returns  which  we  have  now  adverted  operate  in  pro- 
Xo  its  greatest  brightness,  in  a  period  of  sixty-  dudng    the  phenomena    of  variable   stars. 
two  days.    These  and  many  other  stars  give  Those  whose    periodic  variations    are    the 
pretty  evident  indications  of  a  rotation  round  shortest  may  be  produced  by  rotation,  and 
their  axes.    Their  periodic  changes  are  exact  those  in  which  years  are  requisite  to  accom- 
and  regular  i  and,  in  order  to  account  for  the  plish  all  the  changes,  may  arise  from  the  in- 
phenomena,  we  have  only  to  suppose  that  tervention  of  very   large  opaque   revolving 
one   of  their  hemispheres  is  either  covered  bodies. 

with  large  dark  spots,  or  is  encompassed  with  It  has  been  surmised  by  some  astronomers 

a  medium  which  prevents  it  from  emitting  so  that  certain  very  small  stars  which  accompany 

jxinch  light  to  our  eyes  as  the  other,  and  that  larger  ones  probably  shine  by  reflected  light. 

each  hemis]Jhere  is  presented  to  our  view  in  Sir  John  Hcrschcl,  a  few  years  ago,  called  the 

alternate  succession.   Our  sun,  indeed,  would  attention  of  astronomical  observers  to  this 

not  exhibit  any  sensible  variation  of  lustre  at  point    The  stars  to  which  he  has  requested 

the   distance  of  the  stars,  notwithstanding  particular  attention  are  such  as  the  follow^ 
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ing : — »  Urse  Majoiu,  y  Hydrs,  s  Genino-  higher  and  a  nobler  piupose,  and  &at  dni 

mm,  a  2  Cancri,  a  2  Gapricomi,  and  Beveral  purpose  haa  a  respect  to  the  aooommodalHii 

otheiB.    Iota  Ursfe  is  a  star  of  the  third  or  and  happiness  of  intelligent  existence,  either 

fourth  magnitude,  in  the  fore-foot   of  the  in  the  stars  themselves  or  in  worlds  which  ed- 

Great  Bear:   right  ascension,  Sb  46'  64'';  volve  around    them;    for  the   Creator  and 

north  dedinatiou,  47°   61'   20".     Gamma  Governor  of  the  universe  must  be  considered, 

Hydrs  is  a  star  of  the  fourth  magnitude,  in  ^  his  arrangements,  as  acting  in  perfect 

about  thirty-five  degrees  south-east  ftom  Re-  consisteni^  with  those  perfections  of  his  na> 

gulus,  and  about  twenty-nine  d^prees  west  by  ture  with  which  he  is  eternally  and  essentially 

south  from  Spica  Virginis:  right  ascension  invested.    But  to  suppose  the  innumerable 

11**   15'   67";  south  declination,   16°  42'.  host  of  stars  to  be  only  so  many  vast  insulated 

Kappa  Geminorum  is  a  star  of  the  fourth  globes,  hung  up  to  irradiate  the  void  spaces 

magnitude,  situated  about  three  degrees  and  of  infinitude,  would  be  repugnant  to  all  the 

a  half  south  of  Pollux :  right  ascension,  7^^  33'  conceptions  which  reason  and  revelation  lead 

38" ;  north  declination,  24°  49^.    The  star  us  to  form  of  a  Being  of  infinite  peifectioiL 
a  2  Capricomi  is  of  the  third  magnitude,       If,  then,  the  fixed  stars  are  the  centres  of 

about  twenty-two  degrees  south  by  east  of  light  and  influence  to  surrounding  worlds, 

Aitoir,  nnd  about  two  degrees  and  a  half  north  how  immense  must    that  empire    be  over 

of  /3  Capricomi,  dec.    It  is  to  the  very  small  which  the  moral  government  of  the  Almighty 

and  point-like  stars  which  accompany  these  extends! — how  expansive  the  range,  and  how 

that  the  attention  is  to  be  directed ;  they  are  diversified  the  order  of  planetary  systems ! — 

minute  points  of  light  which  can  only  be  pei^  how  numerous  beyond  calculation  the  worlds 

ceived  by  telescope  of  considerable  power,  which   incessantly  roll  throughout  the  im- 

Some  of  these  are  suspected  as  shining  with  mensitjr  of  space !     What  countless  legions 

reflected  light ;  and  if  this  point  could  be  as-  of  intellectual  beings,  of  every  rank  and  ot- 

certained,  it  would  form  a  direct  proof  of  pacity,  must  crowd  the  boundLleaB  domioioos 

planets  circulating  around  stars  and  enUght-  of  the  King  eternal,  unmortal,  and  invisibie ! 

ened  b^  their  beams.    We  have  reason  to  and  how  glorious  and  incomprehensible  must 

hope,  from  the  increase  of  astronomical  ob-  He  be  whose  word  caused  this  vast  fabric  to 

servers,  from  the  accuracy  with  which  side-  start  into  existence,  and  who  superintends 

real  observations  are  now  conducted,  and  every  moment  the  immensity  of  beings  with 

firom  the  improvements  of  which  the  telescope  which  it  is  replenished !    La  attempting  to 

is  still  susceptible,  that  this  interesting  &ct,  grasp  such  scenes  the  human  mind  is  bewil- 

will,  ere  long,  be  determined  by  ocular  demon-  dered  and  overwhelmed,  and  can  only  ex- 

stration ;  and  when  such  a  discovery  shall  claim,  **  Grjbat  atsb  MAnvsLLOUs  abs  thx 

have  been  made,  the  telescope,  which  has  works,  Loan  Goo  Alxiobtt." 
already  disclosed  so  many  wonders,  will  then 

have  performed  one  of  its  most  sublime  and 

miiyhLv  ArhipvPTn«>nfji  **  S^eat  thou  these  orbs  that  namerous  roll  above  I 

migniy  acmevements.  ^hose  lamps  that  hijfhtJy  greet  ihy  visual  powers 

in  the  mean  tune,  we  faiave  no  reason  to  Are  e^cb  a  bright  capacious  sun  like  o«n. 

entertain  the  least  doubt  that  the  stars  are  in  'I*be  telescopic  tube  will  still  descry 

«aUty  «,^  «d  the  di,tributo»  of  light  to  r„^i'"^^\J«  on  i  ne?dro«^".Ji:.'  *^'' 

Other  worlds  any  more  than  we  ought   to  Through  the  deep  regions  of  encompaMedspaM.  • 

doubt  of  the  motion  of  the  earth,  because  wo  1^  each  bright  sur  so  many  suns  are  Toupd 

have  never  from  .  fixed  point  in  the  firma-  ^l.^P^^J.'SSSCS'r'rr'ir.iJr^c.. 

ment,   t)eneld  it  wheeung  its  rapid  course  what  beings  people  the  stupendous  space  1 

through  the  ethereal  spaces  around  the  sun.  Whatever  race  possens  the  ethereal  |4ain. 

Since  the  stars  cannot.  wiU.  the  least  shovr  yHo«7.t'5:V.r«J  SU^.Vc'o.'^.rHirw'r' 

ot  reason,  be  supposed  to  have  been  created  one  truth  of  universal  scope  we  know ; 

chiefly  for  the  use  of  our  globe,  it  is  as  cer-  Ovlt  nobler  part,  the  same  ethereal  mind, 

tain  as  moral  demonstration  can  make  it,  that  R^^Hf  ?"' *''"^Jf  *"  \*1^^'  reasoning  kind, 

.1  •     •     11      •  ^   ^^1  /.  Ai  One  Deity,  one  sole  creating  cause, 

ihey   were   pnncipally  mtended  to  fulfil   a  Our  active  cares  and  joint  devotion  draws." 
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CHAPTER  XV. 

On  unknown  Ckleatial  Bodiet-^n  Metorie  Phenomena^^and  on  Shooting  Start* 

Wb  are  not  to  imagine  that  we  havo  yet  the  resu;h  of  our  telescopes.     All  file  disoo- 

discovered  the  greater  port  of  the  bodies  which  veries  which  have  hitherto  been  made  in  thi 

exwt  in  those  spaces  whose  range  lies  within  heavens  have  been  owing  to  the  light  emitted 
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by  Teiy  distant  orbs  having  been  concentrated  another  in  consequence  of  the  law  of  mutual 

OQ  the  eye  by  the  magnifying  and  space-  gravitation,  and  whiise  views  have  been  partly 

penetrating  power  of  the  telescope ;  but  it  is  confirmed  by   the   discoveries  of  Herschel. 

laot  improbable  that  there  are  numerous  bodies  This  illustrious  mathematician  and  astronomer 

the  circuit  of  the  visible  heavens  which  endeavours  to  prove,  by  an  induction  of  facts 

forth  no  rays  of  light  susceptible  of  being  and  reasonings,  that,  in  order  to  the  stability 

rafracted  or  reflected  to  the  eye  by  our  finest  of  those  systems,  it  is  necessary,  on  the  prin- 

instnimentfl.     Some  of  the  largest  bodies  in  ciples  of  universal  gravitation,  that  there  be  a 

the  universe  may  either  be  opaque  globes,  or  large  central  body,  around  which  all  the  in* 

oo  slightly  illumuiated  that  no  traces  of  their  dividuals  which  compose  the  system  revolve, 

existence  can  ever  be  perceived  from  the  There  is  no  necessity  that  such  a  central  body 

region  we  now  occupy.    The  greater  part,  should  possess  original  or  underived  tight. 

if  not  the  whole,  of  the  orbs  which  have  been  The  fixed  stars  do  not  stand  in  need  of  it ;  and 

doacribed  in  the  firmament,  with  the  exception  as  for  itself,  if  it  require  illumination,  it  will 

of  the  planets  and  comets  of  our  system,  are  receive  it  from  the  suns  that  are  more  imme- 

ffliohes  which  shine  with  their  own  inherent  diately  adjacent     As  to  the  magnitude  of 

lustre,  without  which  their  existence  would  such  a  centre,  Lambert  estimates  that  the 

have  been  to  us  fi>r  ever  unknown.     We  are  central  body  of  the  system  to  which  we  bc- 

tiot  warranted  to  call  in  question  the  exist-  long  must  have  a  diameter  at  least  equal  to 

enoe  of  any  class  of  bodies  merely  because  the  whole  circumference  of  the  orbit  of  Saturn. 

our  limited   organs  of  perception  and  our  **  The  magnitude  of  those  bodies,''  he  says^ 

situation  in  the  universe  prevent  us  from  per-  ^  ought  not  to  alarm  us,  for,  in  the  first  place, 

oeiviDg  them.    We  have  never  yet  beheld  we  have  nothing  to  do  with  their  bulk,  but 

tiie  planets  which  doubtless  circulate  around  with  their  density  or  quantity  of  matter  by 

other  suns,  although  there  can  be  no  question  which  the  law  of  gravitation  is  regulated. 

that  such  bodies  really  exist ;  and  there  may  We  have  no  idea  of  the  density  of  matter  that 

be<qpaque  globes  of  a  size  incomparably  larger  is  not  porous;  perhaps  gold,  the  most  dense 

than  either  planets  or  suns,  which  may  serve  of  terrestrial  substances,  would  be  found  a 

as  the  centres  of  certain  systems,  or  for  some  mere  sponge  compared  vfith  such  a  central 

other  important  purposes  to  us  unknown ;  for  body.    Besides,  nothing  is  great  or  small  in 

all  that  we  have  yet  explored  of  the  distant  immensity^ ;  and  since  on  the  wing  of  light 

regions  of  creation  is  but  the  mere  outskirts  we  can  traverse  the  vast  regions  of  the  hea- 

of  that  boundless  empire  which  stretches  out  vens,  matter  and  volumes  ought  no  longer  to 

on  every  hand  towards  infinity.    It  is  not  excite   our  astonishment.     Bcginnmg  with 

unreasonable  to  believe  that  the  number  of  the  satelUtes,  even  suns  are  but  bodies  of  the 

magnificent  bodies  imperceptible  to  our  organs  first  magnitude ;  the  centres  of  the  fixed  stars, 

of  vision  may  far  exceed  all  that  we  have  of  the  fourth ;  those  of  groups  of  systems,  of 

hitherto  discovered  either  by  the  naked  eye  the  fifth,  and  so  of  the  rest" 
or  the  telescope,  even  within  the  compass  of        Lambert  supposes  that  since  such  bodies 

that  region  wldch  ties  open  to  human  in-  must  be  of  enormous  bulk,  and  illuminated 

tpedioru  besides  by  one  or  more  fixed  stars,  it  might 

It  has  been  remarked  by  La  Place,  that  «  a  be  possible  to  perceive  the  one  which  belongs 

laminous  star  of  the  same   density  as  the  to  our  own  system,  either  in  whole  or  in  part, 

earth,  and  whose  diameter  should  be  two  with  the  help  of  the  telescope ;  that  its  appa- 

hundred  and  fiffy  times  larger  than  that  of  the  rent  diameter  may  be  very  considerable ;  that, 

son,  would  not,  in  consequence  of  its  attrac-  however  weak  its  reflected  tight,  it  may  not 

tion,  allow  any  of  its  rays  to  arrive  at  us."  be  enfeebled  to  such  a  degree  as  to  be  ren* 

"  A  star  which,  without  being  of  this  magni-  dered  imperceptible ;  that,  being  enlightened 

tude,  should  yet  corsiderably  surpass  the  sun,  by  one  or  more  suns,  it  ought  to  present 

would  perceptibly  weaken  the  velocity  of  its  phases  analogous  to  those  of  the  moon ;  thaf 

light,  and  thus  augment  the  extent  of  its  ab-  such  a  central  body  ought  to  extend  its  influ- 

benation."     It  is  therefore  possible  that  the  encc  even  to  the  extremities  of  its  system, 

largest  luminous  bodies  in  the  universe,  if  and  consequently  ought  to  apuear  under  a 

their  internal  structure  be  composed  of  dense  sensible  diameter,  or  at  least  be  ^ible  by  the 

materials,  would  be  invisible  to  us,  in  conse-  telescope ;  and  that  as  the  attractive  force  of 

qjaence  of  their  great  attractive  power  prevent-  a  body  decreases  as  the  square  of  the  sine  of 

mg  their  light  from  reaehing  the  system  to  its  apparent  semi-diameter,  so  this  apparent 

which  we  belong.    In  Chapter  XII.  I  have  semi-diameter  cannot  be  invisible  in  any  place 

giren  a  brief  view  of  the  ideas  entertained  by  to  which  its  attractive  force  and  its  sphere  of 

Lambert  respecting  the  arrangement  of  the  activity  extend.    Without  sanctioning  all  the 

universe  into  distinct  systems  of  stars  which  opinions  which  this  ingenious  mathemattdan 

have  a  more  immediate  connexion  with  one  has  thrown  out  on  this  point,  we  may  admit 
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that  ih«  subject  is  worthy  of  special  attention,  which  they  pass  through  Hm  atmosphetey  aod 

and  might  be  kept  in  view  when  we  are  ex-  are  precipitated  with  great  violence  upon  th» 

ploring  the  heavens  with  our  best  telescopes,  earth.    The  (all  of  meteoric  stones  is  ranch 

What  if  some  of  the  planetaiy  nebule  be  more  frequent    than  is  generafly  believed. 

bodies  of  a  nature  similar  to  those  to  which  Hardly  a  year  passes  without  some  instances 

we  have  now  alluded ?  occurring;  and  if  it  be  considered  thai  only 

If  opaque  globes  of  a  prodigious  size  exist  a  small  part  of  the  earth  is  inhabited,  it  may 
throughout  lis  regions  of  the  finnament,  as  be  presumed  that  numbers  &11  in  the  ocean, 
there  is  reason  to  believe,  they  would  afford  or  on  the  uninhabited  part  of  the  land,  unseen 
us  a  due  for  unravelling  certain  phenomena  by  man.  They  are  soinetimes  of  great  ma^ 
which  have  hitherto  remained  in  some  de-  nitude ;  the  volume  of  several  has  exceeded 
gree  inexplicable.  Stars  have  appeared  all  that  of  a  body  of  seventy  miles  in  diameter, 
at  once,  and,  after  having  shone  for  a  year  or  One  which  passed  within  twenty-five  miles 
more  with  a  brilliant  light,  have  gradually  of  us  was  estimated  to  weigh  about  600,000 
disappeared.  Certain  stars  are  found  to  pass  tons,  and  to  move  with  a  velocity  of  about 
through  regular  variations  of  lustre,  and  for  a  twenty  milefi  in  a  second,  a  fiagment  of  it 
certain  period  entirely  disappear,  but  after  a  alone  reached  the  earth.  The  obliquity  of 
lapse  of  a  certain  number  of  months  or  days  the  descent  of  meteorites,  the  peculiar  sub- 
reappear,  and  resume  their  fonner  brightness,  stances  they  are  composed  o(  and  the  explo- 
.On  the  supposition  that  opaque  bodies  exist  sion  accompanying  their  fall,  show  thai  they  * 
neariy  in  the  direction  of  such  stars,  some  are  foreign  to  our  system." 
of  these  phenomena  would  admit  of  an  easy  But,  without  resuming  the  consideration  of 
explanation.  Their  appearing  and  disappear-  thiii  particular  phenomenon,  there  is  another 
ing  might  be  nothing  more  than  an  occulta-  which  of  late  years  has  excited  a  considerable 
tion  or  an  eclipse,  caused  by  the  interposition  degree  of  attention,  and  which  may  proceed 
of  the  opaque  globe  between  our  eye  and  the  from  a  cause  somewhat  smilar,  to  which  I 
star.  This  would,  indeed,  suppose  motion  to  shall  chiefly  direct  the  attention  of  the  read- 
exist  either  in  the  opaque  body,  or  in  the  er — namely,  the  phenomenon  of  shooting  or 
star,  or  in  the  eye  of  the  observer ;  and  per-  falling  stars.  This  phenomenon,  though 
haps  the  annual  motion  of  the  earth,  or  the  most  frequently  observed  in  tropical  regions, 
motion  of  the  sun  in  absolute  space,  might  is  common  in  all  parts  of  the  earth,  and  has 
contribute,  in  a  certain  degree,  to  produce  the  been  seen  in  almost  eveiy  season  of  the  year 
efiect.  Motion,  of  some  kind  or  other,  must  A  shooting  star  seems  to  burst  from  a  dear 
necessarily  be  supposed,  in  order  to  account  sky,  and  to  dart  across  the  heavens  wiA  a 
for  the  phenomena  of  variable  stars,  whatever  long  train  of  light,  which  in  a  few  seconds 
hypothesis  we  may  adopt  for  their  explana-  leaves  no  trace  behind.  Dr.  Bumey,  of  Gos- 
tion ;  but  as  nothing  decisive  can  be  stated  on  port,  for  several  years  kept  a  record  of  such 
this  subject,  in  the  mean  time  I  shall  proceed  of  these  bodies  as  came  under  his  own  obser- 
to  the  consideration  of  some  meteoric  phe-  vation,  and  found  that  in  the  year  1819  tfaero 
nomena  which  are  now  supposed  to  have  a  were  121,  and  in  1830  about  131 ;  but  a 
connexion  with  certain  moving  bodies  in  the  much  greater  number  than  these  would  doubt- 
heavens,  less  be  perceived  could  vire  detect  all  that 

make  their  appearance  in  the  sky,  the  greater 

Meteoric  Phenomena  and  Shooting  Stars,  proportion,  in  all  probability,  being  visihle 

only  during  the  hours  usually  allotted  to  sleep. 

In  my  volume  entitled  <<  Celestial  Sceneiy,''  Various  opinions  have  been  entertained  re- 

when  describing  the    small  planets  Vesta,  spccting  the  cause  of  these  appearances.  Be^ 

Juno,  Ceres,  and  Pallas,  I  have  given  a  detail  caria  was  of  opinion  they  were  occasioned  by 

if  certain  facts  respecting  the  &1I  of  large  electricity,  and  brought  forward  the  following 

masses  of  solid  matter  from  the  higher  regions  facts  as  corroborative  of  his  hypothecs : — 

of   the    atmosphere,    usually    denominated  About  an  hour  after  sunset,  he  and  some 

meteoric  stones,  wliich,  there  is  every  reason  friends  that  were  with  him  observed  a  fidling 

to  believe,  descend  from  regions  at  a  consider-  star  directing  its  course  directly  towards  them 

able  distance,  and  even  beyond  the  sphere  of  and  apparently  growing  larger  and  larger,  bat 

the  moon.    Such  phenomena  seem  to  indicate  just  before  it  reached  them  it  disappeared.   On 

the  probability  that  certain  opaque  bodies,  of  vanishing,  their  faces,  hands,  and  dothes,  with 

diflerent  dimensions,  are   revolving  through  the  earth  and  all  the  neighbouring  objects^ 

space  in  certain  regions  within  tlie  limits  of  became  suddenly  iUmninated  with  a  dimiKd 

our  system.    *<  Nor  is  this,"  says  Mrs.  Somer-  and  lambent  light    During  their  surprise  at 

ville,  '*  an  unwarranted  presumption ;  many  this  appearance,  a  servant  informed  them  that 

audi  do  come  within  the  sphere  of  the  earth^  he  had  seen  a  light  shine  suddenly  in  the 

auractlon,  are  ignited  by  the  velodty  with  garden,  and  espedally  upon  &e  streams  that 
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lie  had  been  throwing  to  water  it»*  when,  mon  of  a  meteor  that  shot  across  to  the  nonh- 
•ending  up  an  electrioed  kite  into  the  atmo-  west,  leaving  a  broad  and  luminous  track ; 
sphere,  he  likewise  observed  a  quantit?  of  and  witnessed  another  which  le&  a  path  of 
.  electric  matter  about  the  kite,  which  assumed  light  ibat  was  clearly  discernible  for  more  than 
the  appearance  of  a  ialling  star.  Whatever  ten  minutes  after  the  ball,  if  such  it  be,  had 
be  the  cause  of  shooting  stars,  it  is  pretty  evi-  exploded.  Its  length  was  gradually  shorten- 
dent  that  they  have  ^leh:  origin  at  a  vexy  con-  ed,  widening  in  the  centre,  and  apparently 
■idexable  elevation  above  the  earth.  Biydone  consisted  of  separate  and  distinct  globules  of 
infiarms  us  that,  from  the  top  of  Mount  Etna,  light,  drawing  around  a  common  centre,  glim- 
be  noticed  some  of  these  meteors,  **  which  still  moring  less  and  less  vividly  until  they  finally 
appealed  to  be  as  much  elevated  above  us  as  &ded  in  the  distance.  Compared  ynih  the 
when  seen  from  the  plain ;  so  that  in  all  pro*  splendour  of  this  celestial  ezhibitic^  the  meet 
babifity  those  bodies  move  in  regions  mudi  Inilliant  rockets  and  fiiewoiks  of  art  bore  less 
beyond  the  bounds  which  some  philosophers  relation  than  the  twinkling  of  the  most  tiny 
have  assigned  to  our  atmosphere.''  star  to  the  broad  glaze  of  the  sun.  The  whole 

The  most  striking  and  remarkable  form  in  heavens  seemed  in  motion,  and  never  before 

which  diooting  stars  have  appeared  is  that  of  has  it  fidlen  to  our  lot  to  observe  a  phenome- 

**  meteodc  showers,"  when  thousands  of  those  non  so  magnificent  and  sublime." 
bodies  have  appeared  to  sweep  dong  at  once,       Various  similar  accounts  of  the  same  phe- 

and  in  ccmtinued  succession  for  several  hours,  nomena  were    given -in  the  Philadtlphiay 

00  that  ahnoet  the  whole  visible  canopy  of  the  HaHfordt  Boston^  and  other  newspapers  of 

aky  seemed  to  be  in  a  blaze.    As  this  pheno-  the  same  date,  of  which  the  following  are 

menon  has  recently  excited  considerable  atten-  extraets: 

lion  among  philosophers,  and  as  it  is  now  ge-  <<  From  a  point  in  the  heavens,  about  fifteen 
nerally  considered  as  connected  with  some  degrees  souUi-easterly  from  our  zenith,  the 
iDOving  bodies  in  the  heavens,  I  shall,  in  the  meteors  darted  to  the  horizon  in  every  point 
iinit  place,  give  a  detail  of  some  of  the  more  of  the  compass.  Their  paths  were  described 
lemarkable  circumstances  with  which  it  has  in  curve  lines  similar  to  thoS»  of  the  circles 
been  attended,  as  described  by  thoee  who  of  longitude  on  an  artificial  globe.  They 
were  eye-witnesses  of  the  soene^  One  of  the  were  generally  short  ui  their  course,  re- 
most  remarkable  displays  of  the  phenomena  semblii^  much    an   interrupted   line,  thus 

to  which  we  allude  is  that  which  was  seen  on  ._— .    They  ceased  to  appear 

the  evening  of  the  12th  and  the  m(»ning  of  when  within  ten  degrees  of  the  horizon.    I 

the  13th  of  November,  1833,  in  the  United  did  not  see  a  single  meteor  pass  the  meteoric 

States  of  America.    The  foUowing  account  pole  I  have  described,  nor  one  pass  in  a  hori- 

of  it  is  abridged  from  the  New  York  Con^  zontal  direction.    Several  of  them  afforded  as 

memo/ il^/MTfiser  of  November  13,  1833:  much  light  as  faint  lightning.    One  in  the 

*^  The  sky  was  remarkably  clear  on  the  north-east  was  heard  to  explode  with  a  sound 

Di^t  of  this  remarkable  phenomenon.    Some  like  that  of  the  rush  of  the  distant  sky-rocket. 

time  before  twelve  o'clock,  the  meteors  so  fi«-  Millions  of  these  meteors  must  have  been 

qoently   seen  on  summer   evenings,  called  darted  in  this  shower.    The  singularity  of 

thpoHng  itar$j  were  observed  to  &11  with  un-  this  meteoric  shower  consisted  in  the  count- 

Qsoal  frequency  and  splendour.    They  con-  less  number  of  tiie  celestial  rockets,  and  more 

tinned  from  that  hour  to  fiaah  athwart  the  especially  in  their  constant  uniform  diveigence 

akiea  more  and  more,  until  they  were  eclipsed  from  near  the  zenith." 
by  the  glories  of  the  rising  sun  this  morning.       The  following  was  an  account  sent  by  Pro- 

From  four  to  six  they  were  most  numerous  fessor  Thomson,  of  Nashville,  to  ProfosMT 

and  refiilgent    Within  the  scope  that  the  Ohnsted,of  New  Haven,  of  the  roeteom  which 

eye  could  contain,  more  than  twenty  could  be  appeared  November  13,  1833,  sj  seen  in  th^ 

aeen  at  a  time  shooting  (save  upward)  in  State  of  Mississippi : — <<  About  an  hour  before 

every  direction.    Not  a  cloud  obscured  the  daylight  I  was  csdled  to  see  the  falling  me- 

broad  expanse,  and  millions  of  meteors  sped  teofs ;  it  was  the  most  sublime  and  brilliant 

their  vray  across  it  on  eveiy  point  of  the  com-  sight  I  had  ever  witnessed.    The  largest  of 

pass.     Were  it  possible  to  enumerate  them  tl^  falling  bodies  appeared  about  the  size  of 

in  the  swiftness  of  their  arrowy  haate,  we  Jupiter  or  Venus  when  brightest.    The  sky 

Doight  venture  to  say  that  for  the  space  of  two  presented  the  appearance  of  a  shower  of  star% 

hours,  intervening  between  firar  and  six,  more  which  many  tiiought  were  real  stars  and 

than  a  thousand  per  minute  might  have  been  omens  of  dreadful  events.    I  noticed  the  ap- 

eoonted.    Their    coruscations  were   bright,  pearance  of  a  radiating  poirU,  which  I  con- 

gleamy,  and  incessant,  and  they  fell  thick  aa  ceived  to  be  the  vanishing  point  of  straight 

tbe  flakes  in  the  eariy  snows  of  December,  lines  as  seen  in  perspective.     Thupaini  yfh 

In  one  instance  we  distinctly  heard  the  explo-  peared  to  be  staticnaru.    The  metecrs  feU 
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ID  tbs  Mith  at'an  angle  of  ibout  Mventy^*e  nlut  hu  been  nmr  deaciibed,  ban  nccanvd 

Segtttt  with  the  horizon,  moving  from  the  at  aeveral  former  periodt.    One  remarkabla 

taat  lowardi  the  weet."     The  (bllowiog  ii  initance  of  nbat  wu  called  "  shonen  of  fire ' 

from  a  miter  in  the  Bodon  ChrtMlian  lUgia-  occnrred   over  ei^^   yean   ago   in    8oDth 

Ur; — "M;  first  allention  wai  to  determin*  America.    At  Quito,  aa  ntanji  bBmg  Han 

[ha  centre  or  point  fnim  which  (be  meteor*  were  seen  abore  the  lolcano  of  Gayambo,  that 

itarted,  which,  from  the  place  where  I  stood,  the   inbabitaots   were    led    to   imagine   the 

(lat  43°  i&f  N.,)  appeared  in  the  Lion'a  moontain  to  be  in  flame*.    The  peojrie  a>- 

beait,  near  Regnliu.  There  ti  one  thing  thai  aembled  in  the  plain  of  Etico,  and  a  proee*> 

I  hiTe  not  aecn  notit«d  by  any  that  have  HDn  waa  abost  to  aet  out  in  conieqaence  Aon 

written,  and  which  could  not  have  been  no-  the  conrent  of  8L  Francis,  when  thej  di>- 

liced  by  me  had  I  not  kepi  my  eye  on  (he  corered  the  pbenomenon  to  be  oocaaioned  h; 

centre  or  point  from  whence  the  metem  all  meleon  which  ran  along  tiie   ildea   in   all 

■hot  forth  for  a  ccauideralrie  time,  and  that  directiaiB. 

was  an  appearance  of  a  star  lea  at  first  than  A  more  extennve  and   remaAabla  pba* 

the  Stan  oT  the  canatellation  by  which  it  waa  nomenon  of  this  kind  occurred  in  the  m^a 

■urrounded,  bat  it  wonld  incroaae  until  it  was  of  the  12tb  of  November,  1779.     Of  this  ap- 

mnch  larger  than  the  stars,  then  totally  dia-  pearance,  aa  it  was  seen  at  Comana,  an  accs- 

■ppear  6>om  ten  to  fifteen  minntea,  and  then  rate  account  has  been  given  by  M.  Hnmboldt 

appear  again ;  but  the  meteon  ebot  forth  in  and  M.  Boupland.     It  occnrred  lowan!*  the 

pvaisi  number*  in  the  interval  between  the  morning,  when  ttaooaands  oi  meteors,  eolide^ 

appearances  above  mentioned."*  fire-balls,  ot  falling  staiii,  an  they  were  vari- 

'  It  is  worthy  of  paiticulai'  notice,  that  the  onal;   denominated,    succeeded    each    other 

point  from  which  the  meteon  seemed  to  ems-  during  four  houra.     Their  direction  was  bum 

uate  was  obaerved,  by  those  who  fixed  iti  post-  north  lo  south.     They  loae  in  the  hcriaoo 

tion  among  the  stars,  to  be  in  the  constellation  at  ea>t-notth«ast.  followed  the  direction  of 

Leo ;    and,    according    lo    fheit    cmcuirent  the  meridian,   and   fell   towards    the   aoath. 

testimony,  this  radiant  point  was  stationary  Then  was  Utile  wind,  and  this  from  the  eaA 

among  the  stars  during  Vae  whole  period  of  No  trace  of  clonds  was  aeen.     llKre  waa  not 

obacrvalion. — that  is.  it  did  not  move  along  a  space  in  the  firmament  equal  in  extent  ts 

with  the  earth  in  ila  diurnal  revolution  eiut-  three  diameten  of  the  moon  which  was  not 

ward,  but  accompanied   the   stars  in  their  filled  with  burning  stan.    They  were  of  difr 

apparent  progress  iMriurart^  which    proves  fsrent  size* ;  they  left  luminoua  traora  of  from 

the  elevation  of  the  meteon  to  be  bi  beyond  five  to  ten  degreea  in  length.     The  appeat>i 

our  atmosphere.    "Dm  following  cut  repre-  ance  of  these  tnuea  contiiiued  seven  or  o^t 

aenCa  the  appearance  of  these  meleon  iac  seconda.    Many  of  the  itan  bad  a  distioet 
nndeui  ea  large   as  the   apparent  didc  li 

Kg.  78<  Jupiter.    The  largest  were  from  ]°Io  1°  17 

ra  diameter.     Their   light  waa   while,  and    . 
they  aeemed  to  bunt  aa  by  eiploeion.    They 
were  seen  by  all  the  inhal»tanu  of  Cumans, 
Iba  oldest  at  whom  assened  thai  the  gieal 
eaartiiquakesof  1766  wen  preceded  bysinalar 


It  if  a  dreumstance  worthy  of  p 
notice,  that  these  meteoric  ahowera  have  lansi 
plaee  chiefly  on  the  ISth  and  13ih  of  No- 
vember, and  hence  they  are  now  diatinguisiiHl 
,  by  the   name    id   Ibe    AbmnAer   Mrttam. 

Cqilain  Hammcmd  give*  the  following  ae- 
•Bveral  hoora,  «■  aeen  at  BoMon.  New  Toik,  ?<«"'  of  ahooting  stara  aeen  at  Mocha,  <»  lh< 
Philadelrfiia,  and  other  placei  in  the  eastern  R^  Sea,  November  lath,  1933,  the  dsy  aod 
parts  of  the  United  Stales.  It  ii  copied  front  ">^*^  *>"  """^  "*?  have  moat  gonjifV 
one  of  the  American  periodicola  publUhed  "»"  eeent— "From  one  odd*,  A.  M,  Ha 
•bout  Ibe  lime  when  thoee  phenomena  wo-  «"«'  d«jl«bt.  there  was  a  veiy  unusual  phc 
u,,„j,  nomenon  m  the  heavens.    It  appealed  hks 

Meteoric  phenomena  aeariy  reaembline  meteon  bursting  in  every  direction.  Tha 
sky  al  the  lime  was  clear,  the  atan  and  moon 
•  This  BiionlshlnR  eihibltlon  rovoriid  a  verr  br^t,  with  atnaka  of  light  and  thinriiitn 
•soitdBrabls  p*il  of  the  einh's  iurTsce.  II  has  clouds  inleiapersed  in  the  sky.  Oq  luHJing 
lll^il'oc"  n^(^'l'°?l««f  MJltV'sBd'ftSn  *"  ""  morning.  I  inquired  of  the  Aiato  if 
in.  Nonb  AmvrlciB  takes  lo  Ibe  West 'ladles.         1^(9  bad  noticed  Ihe  abovB.     Tbcy  saHl  tlirj 


CmCUMSTANCES  ATTENDING  MBTEOF  .iZjWERa  no 

bad  been  observing  it  most  of  the  night    I  One  of  the  most  remarkable  circumfStances 

asked  them  if  ever  the  like  had  appeared  be-  attending  this  display,  in  1833,  was,  that  the 

lore  ?     The  oldest  of  them  replied  that  it  had  meteors  all  seemed  to  emanatp  from  one  and 

noL"  the  same  point,  a  little  south-east  of  the 

On  the  morning  of  the  12th  of  November,  zenith.    Following  the  arch  of  the  sky,  they. 

1799,  a  remarkable  phenomena  of  this  kind  ran  along  with  immense  velocity,  describing 

was  seen  by  Mr.  Ellicot,  near  Cape  Florida,  in  some  instances  an  arc  of  30°  or  40°  in  a 

which  be  thus  describes : — "  The  phenomenon  few  seconds.     On  an  attentive  inspection,  it 

was  grand  and  awful ;  the  whole  heavens  ap-  was  seen  that  the  meteors  exhibited  three 

peared  as  if  illuminated  with  sky-rockets,  distinct  vazieties;  the  ^r«/ consisting  of />A(Nr- 

which  disappeared  only  with  the'Ught  of  the  phone  Unes,  apparently  described  by  a  point; 

ami  after  daybreak.    Tbe  meteors,  which  at  the  secondyOfltng^Jire-baUs  that  at  intervals 

any  one  instant  of  time  appeared  as  numerous  darted  along  the  sky,  leaving  luminous  trains 

as  the  stars,  flew  in  all  possible  directions,  ex-  which  occasionally  remained  in  view  for  a 

cept  from  the  .earth,  towards  which  they  all  number  of  minutes,  and  in  some  cases  finr 

inclined  more  or  less,  and  some  of  them  de-  half  an  hour  or  more ;  the  third  of  undefined 

eeended  perpendicularly  over  the  vessel  we  luminous    bodiee,  which   remained    nearly 

were  in,  so  that  we  were  in  constant  dread  stationary  in  the  heavens  for  a  consLderable 

of  their  falling  on  us."    The  same  appear-  time.    Those  of  the  first  variety  were  the 

auoes  were  observed  on  the  same  night  at  most  numerous,  and  resembled  a  shower  of 

Santa   Fe,  Oumana,   Quito,  and  Peru,  in  fieiy  snow  driven  with  inconceivable  velocity. 

South  America,  as  far  north  as  Labrador  and  The  second  kind  appeared  more  'like  falling 

Greenland,  and  as  far  east  as  Weimar  in  stars, — a  spectacle  which  was  contemplated 

Germany ;  thus  having  been  visible  over  an  by  certain  beholders  with  great  amazement 

extent  on  the  globe  of  64°  in  latitude,  and  and  terror.    They  were  sometimes  of  enor- 

94°  of  longitode.     Meteoric  showers  were  mous  size.      One  of  them  seen  in  North 

also  seen  on  the  morning  of  the  13th  of  Carolina  appeared  larger  than  the  full  moon 

November,  1831,  in  the  Ohio  country,  and  rising,  and  its  light  rendered  even  small  ob- 

along  the  coast  of  Spain.  jects  visible.    The  same  ball,  or  a  similar 

Flights  of  shooting  stars,  more  or  less  nu-  one,  seen  at  New  Haven,  {Mused  ofiT  in  a 

merous,  have  been  seen  in  di^rent  places,  north-west  direction   and  exploded  a  little 

both  in  Europe  and  America,  at  the  same  northward  of  the  star  Capella,  leaving  a  train 

period — ^namely,  the  13th  of  November,  in  the  of  peculiar  beauty.    The  line  of  direction  was 

years  1834, 1835, 1836,  and  1837,  so  that  they  at  first  nearly  straight,  but  it  soon  began  to 

are  now  considered  as  a  regular  periodical  contract  in  length,  to  dilate  in  breadth,  and  to 

phenomenon.  In  a  letter  I  received,  in  1837,  assume  the  figure  of  a  serpent  scrolling  itself 

from  Elijah  H.  Burrett,  Esq.,  A.  M.,  a  scien-  up  until  it  appeared  like  a  luminous  cloud  of 

tific  gentleman  in  the  state  of  Coimecticut,  vapour  floating  gracefully  in  the  air,  where  it 

and  a  correspondent  of  Professor  Olmsted,  he  remained  in  full  view  for  several  minutes, 

has  the  following  notice  on  the  subject: —  Of  the  third  variety,  the  following  are  ex- 

"  With  respect  to  the  shooting  stars,  I  believe  amplefl: — ^At  Poland,  State  of  Ohio,  a  lumi- 

Professor  Olmsted  is  now  very  strong  in  the  nous  body  was  distinctly  visible  in  the  north- 

belbf  that  they  are  exactly  periodical  and  east  for  more  than  an  hour.    It  was  very 

arniuoL     The  recurrence  of  this  smgular  brilliant,  in  the  form  of  a  pruning  hook^  and 

pbenomeoa  on  the  morning  <^  the  13th  of  apparently  twenty  feet  long   and  eighteen 

November,.  1836,  and  very  nearly  at  the  same  inches  broad.    It  gradually  settled  towards 

hour, — the  radiation  of  the  meteors  from  the  the  horizon  until  it  disappeared.   At  Niagara 

same  point  of  the  heavens,  diflering  only  one  Falls,  a  large  luminous  body,  shaped  like  a 

half  a  degree,  (as  did  those  of  1834,)  namely  square  table f  was  seen  near  the  zenith,  re- 

145°  right  ascension  in  the  &ce  of  Leo,  and  maining  for  some   time  almost  stationary, 

all  the  attending  phenomena  being  the  same,  emitting  large  streams  of  light 

though  upon  a  scale  less  magnificent,— settle  The  recurrence  of  this  wonderful  pheno- 

the  question  as  to  its  being  a  regular  and  menon  at  the  same  season  of  the  year  soon 

annual  phenomenon.    According  to  his  no-  attracted  the  attention  of  the  philosophers 

tion,  the  zodiacal  light  is  an  attribute  of  the  of  Europe,  and  they  resolved  to  watch  more 

same  cause,  or  an  emanation  from  the  same  particularly  the  aspect  of  the  nocturnal  heap 

radiant    Accordingly,  my  friend  Dr.  Olmsted  vens  in  the  month  of  November.    The  cele- 

wfBB  fortunate  enough  to  see  just  so  much  of  bratcd  M.  Arago  made  arrangements  to  pro* 

the  zodiacal  light  last  May  as  to  enable  him  cure    simultaneous    observations    from    the 

to  identify  it  with  the  phenomena  of  Novem-  difierent  parts  of  France,  for  the  night  be- 

ber,  1834,  except  that  it  was  in  the  other  tween  the  12th  and  18th  of  November,  1836. 

node."  The  following  is  the  substance  of  the  report 
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which  wu  publiflhed  of  these  obeerratioDt.  lege,  New  Haven,  hae  enteied  into  an  ehbo* 

The  places  at  which  observations  were  made,  rate  investigation  of  this  subject  in  a  commii- 

and  the  numl^  of  meteora  counted,  were  as  nication  wUch  occupies  about  forty-two  pages, 

under :  The  whole  of  this  paper  is  well  worthy  of  the 

attentive  perusal  of  ike  i^osophic  inqniier, 
Paris,  at  the  Obserratoiy  ....  170  .  but  the  limits  to  which  I  am  necessarily  eon- 
Dieppe,  100  miles  north-west  of  Paris  .  86  fined  in  this  chapter  will  permit  me  to  state 
Arras,  100  miles  north  of  Paris  ...  27  only  the  general  reau&i  <tf  the  piofeasoff'a 
Strasburgh,  260  miles  east  of  Paris  .  .  85  investigations;  all  of  which  appear  to  be  de- 
VonAItemara,  260  miles  south-east  of  Paris  76  duoed  firom  the  phencmiena  with  great  acote- 
Angou,  180  miles  south-west  of  Paris  .  49  ness  and  ingenuity  of  reasoning.  These  le- 
Kodiefort,  260  miles  south-south-west  of  suits  are : 

Paris 23  1.  That  the  meteors  of  Novemlwr  13  had 

Havre,  120  miles  west  of  Paris    .    .    .  300  their  origin  beyond  the  UmiUof  our  aintth 

tphere.  ror  the  source  of  the  meteon  did  not 

Besides  these  positive  observations^  ioSat-  partake  of  the  earth's  motion,  whidi  was  d^ 

mation  was  received  of  similar  phenomena  monstrable  from  a  variety  of  drcumstanoes, 

having  been  observed  at  other  places.    In  the  some  of  which  have  been  alluded  to  above, 

neighbourhood  of  Touia,  for  example,  the  2.  That  the  height  of  the  phee  tt^enee  the 

peasants  declared  they  had  seen  a  rain  of  fire  meteors  enumatea,  above  the  sur&ce  of  die 

during  the  night;  and  in  Ihe  valley  of  the  earth,  was  about  2238  milei.    This  was  as- 

Rhone,  near  Culloy,  three  asteroids  succeeded  oertained  from  a  comparison  of  different  ob- 

each  other  with  such  rapidity  that  the  people,  servation  made  in  different  places,  and  from 

seeing  them  through  a  fog,  supposed  them  to  trigonometrical    calculations    founded    npon 

be  flashes  of  lightning,  or  a  repetition  of  the  them. 

brilliant  aurora  of  the  I8th  of  October.  As  3.  The  meteora  fell  towards  the  earthy  be- 
ta the  great  meteoric  shower  of  1833,  so  at  tfi^  attracted  to  it  by  the  Jbree  of  gravity. 
this  time  the  greater  part  of  the  foiling  stars  It  seemed  unnecessary  to  assign  any  other 
which  were  particularly  observed  seemed  to  cause,  since  gravity  is  adequate  to  prodooe 
issue  from  a  point  in  the  constellation  of  Leo.  the  eflect 

Of  those  noticed  at  Beicy,  fifty-seven  travened  4.  They  fell  towards  the  earth  in  strai^ 

lines  which  if  continued  would  have  ended  lineB,  ana  tn  directions  whieh%  within  con' 

in  that  constellation ;  and  of  eighty-five  ob-  sidcrable  distances,  were  n^ftriyparaucitvuM 

served  at  Strasburg,  fifty-seven  had  similar  each  other.     The  courses   are  inferred  to 

courses.    M.  Arago    purposes    an    inquiiy  have  been  straight  lines,  becanse  no  othes 

whether,  from  theb  number,  this  shower  of  could  have  appeared  to  spectators  in  difierent 

foiling  stars  may  or  may  not  be  considered  situations  to  have  described  arcs  of  great 

unusual ;  and  he  gives  the  following  oompari-  circles. 

sons:    At  Paris,  on  the  preceding  night,  none  6.  Thev  entered  the  earth's  atmosphere 

were  seen  during  an  hour ;  from  three  to  five  with  a  velocity  equal  to  about  four  miles  per 

were  seen  in  the  same  space  of  time  on  the  second,  or  more  than  ten  times  greater  than  the 

night  after  the  shower,  and  from  two  to  three  maximum  velocity  of  a  cannon  ball,  and  about 

on  the  second  night.    On  the  precedi^**;  night,  nineteen  times  that  of  sound.    This  was  in- 

at  Bercy,  not  one  was  seen  in  tvro  nours.  At  ferred  icom  the  laws  of  fiilling  bodies. 

Yon  Altemare,  on  the  6th  of  November,  none  6.  TTic  meteors  consisted  ofcombustiblemat' 

were  seen  during  two  hours'  watching;  on  ter,  and  took  fire  and  were  consumed  intra- 

the  7th,  there  were  four  in  four  hours ;  on  the  versing  the  atmosphere*    They  were  seen 

8th,  none  in  three  hours ;  on  the  9th,  one  in  glowing  with  intense  light  and  heat,  incieas- 

siz  hours ;  and  on  the  14th,  two  in  six  hours,  ing  in  size  and  splendour  as  they  approached 

I  have  been  somewhat  particular  in  stating  the  earth.    Thej  were  seen  extinguished  in 

the  more  remarkable  circumstances  connected  a  manner  in  all  respects  resembling  a  combua- 

with  this  phenomenon,  as  there  is  every  rea-  tible  body  like  a  sky-rocket;  and  in  the  case 

son  to  believe  that  it  is  produced  by  an  un-  of  the  larger,  a  cloud  of  luminous  vapour  was 

known  celestial  body  at  a  considerable  die-  seen  as  the  product  of  combustion.    That 

tance  from  the  earth ;  and  I  shall  now  pro-  they  took  fire  in  the  atmosphere  is  inferred 

wed  to  give  a  brief  view  of  the  opinions  which  from  the  fact  that  they  were  not  luminous  in 

certain  philosophen  entertain,  and  the  deduo-  their  original  situation  in  space,  otherwise  the 

tions  they  have  been  led  to  make  in  reference  body  firom  which  they  emanated  would  have 

to  this  subject.  been  visible. 

In  the  **  American  Journal  of  Science"  for  7.  Some  of  the  larger  meteors  must  have 

Aprilf  1834,  Dr.  Olmsted,  professor  of  mathe-  been  bodies  of  great  size.    Some  of  them  ap- 

mattos  and  natural  philosophy  in  Yale  Col-  peared  larger  than  the  fioll  moon  rising.  Sndi 
(640) 
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ft  body  seen  «t  110  miles  distance  behoved  to 
have  been  one  mile  in  diameter ;  at  fiAy-five 
milos,  one-half  mile ;  at  28  miles,  one^fifth  of 
a  miie ;  at  5^  miles,  ^nd-twentieth  of  a  mile, 
or  264  feet. 

8.  77ic  meteors  were  eonsUtuted  of  light 
and  transparent  fnaterials.  They  were  of 
light  materials,  otherwise  their  momentum 
would  have  been  sufficient  to  enable  them  to 
make  their  way  through  the  atmosphere  to  the 
rarface  of  the  earth.  They  were  transparent 
bodies,  otherwise  we  cannot  conceive  how 
they  could  have  existed  together  in  their  ori- 
ginal state  without  being  visible  by  reflected 
light. 

9.  The  next,  and  one  of  the  principal  sub- 
jects of  inquiry  was.  What  relations  did  the 
body  which  afforded  the  meteoric  shower  sus- 
tain  to  the  earth  ?  Was  it  of  the  nature  of 
a  satellite  that  revolves  round  the  earth  as  its 
centre  of  motion  1  Was  it  a  collection  of  ne- 
bulous matter  which  the  earth  encountered  in 
its  annual  motion  1  or  was  it  a  comet  which 
chanced  at  thia  time  to  be  pursuing  its  path 
sJong  with  the  earth  around  their  common 
centre  of  motion  1  It  could  not  have  been  a 
astellite,  because  it  remained  so  long  station- 
ary with  respect  to  the  earth ;  nor  was  it  a 
nebula,  either  stationary  or  wandering  lawless 
through  space.  Such  a  collection  of  matter 
could  not  remain  stationary  within  the  solar 
riystem ;  and  had  it  been  m  motion  in  any 
other  direction  than  that  in  which  the  earth 
was  moving,  it  would  soon  have  been  sepa- 
rated from  the  earth,  since  during  the  eight 
hours  while  the  meteoric  shower  lasted,  the 
earth  moved  in  its  orbit  through  the  space  of 
540,000  miles.  The  conclusion  to  which 
Prafisssor  Olmsted  arrives,  after  a  due  con- 
sideration of  all  the  circumstanoe%  is  the  fol- 
lowing: 

That  the  meteors  of  November  ISth  con- 
sisted of  portions  of  the  extreme  parts  of  a 
mebuhus  oody,  whuA  revohtea  around  the  sun 
in  an  orbit  interior  to  that  of  the  earihj  hut 
Utile  ineUned  to  the  plane  of  the  ecliptic, 
having  its  aphelion  near  to  the  eartKs  path, 
and  having  a  periodic  time  of  183  days 
nearly. 

This  conclusion,  the  professor  thinks,  will 
account  for  the  following,  among  other  circum- 
stances : — Why  the  phenomenon  remained  so 
long  stationaiy  with  respect  to  the  earth ;  why 
it  was  seen  in  that  particular  part  of  the 
heavens;  and  why  it  returns  at  stated  periods, 
having  appeared  at  Mocha,  in  Arabia,  just 
one  year  pveceding,  and  in -a  manner  very 
similar  to  the  present,  as  described  by  Hum- 
boldt and  by  EUioot  thirty-four  yeazs  before. 
It  will  likewise  account  for  en  auroral  light, 
xcsembling  daybreak,  which  was  seen  in  the 
sevend  hours  before  the  dawn  of  day,  and 

81 


it  is  also  supposed  it  may  account  for  the  di^ 
ferent  appearances  of  the  zodiacal  light.  The 
professor  is  of  opinion  that  the  body  alluded 
to  \b  somewhat  analogous  to  that  of  a  comet. 
Fig.  77  represents  the  supposed  orbit  of  this 
body  in  relation  to  that  of  the  earth.  E  H I 
K  represents  the  orbit  of  the  earth ;  S,  the 
position  of  the  sun ;  and  C  D  F  G,  the  sup- 
posed orbit  of  the  body  which  was  the  source 
of  the  meteoric  phenomena.  •  At  the  time 
these  phenomena  were  seen,  the  body  is  sup- 
posed to  have  been  at  C  when  the  earth  was' 
atj&. 

Pig.  77. 


Arago  appears  to  entertain  an  opinion  on 
this  subject  not  very  different  from  that  of 
Dr.  Olmsied.  He  supposes  that  there  may 
be  myriads  of  bodies,  composed  probably  df 
nebulous  matter  similar  to  the  tails  of  comets, 
circulating  round  the  sun  in  a  zone  or  ring 
that  crosses  the  earth's  orbit  at  that  part 
where  it  is  about  the  12th  November,  and 
that  some  of  them,  drawn  from  their  course 
by  the  earth's  attraction,  fell  towards  it,  and 
taking  fire  when  they  enter  the  atmosphere, 
in  consequence  of  their  prodigiously  rapid 
motion,  present  the  luminous  phenomrna  of 
felling  stars.  The  body  or  bodies  from  which 
these  meteors  proceed,  he  considers  as  un- 
questionably in  rapid  motion,  perferming  a 
revolution  round  the  sun  in  some  plane  difler- 
ent  from  that  of  the  earth's  orbit ;  and  that 
the  apparent  course  of  the  meteors  will  be 
compounded  of  this  proper  motion  and  uf  the 
earth's  motion  in  its  orbit  at  the  time,  t  fol- 
lows, that  the  point  from  which  they  seem  to 
come  will  be  that  towards  which  the  earth  is 
moving  at  the  time,  namely,  the  constellation 
Leo ;  for  the  line  or  tangent  of  the  earth's 
annual  motion  at  the  1 3th  and  14th  Novem- 
ber points  exactly  to  that  constellation.* 

*  A  sentleman  In  Sooth  Carolina  thiii  describes 
the  effect  of  the  phenomenon  of  1833  upon  his  De- 
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7*hii8  it  appears  that  celestial  bodies  are  my  of  nature,  we  are  as  yet  entirely  ignontti 

reYoIving  around  us  of  which  we  fonncrly  had  of.    It  appears  iprettj  evident  that  they  mt 

no  knowledge  or  conception.    A  hew  planet-  bodies  of  no  great  density,  otherwise  their 

azy  systemi  within  the  liitiits  of  the  old,  is  be-  effect  on  the  earth  might  havfe  been  more  ter* 

ginning  to  be  revealed  to  us,  the  number  of  rific  and  disastrous.    Had  their  quantity  of 

the  bodies  belonging  to  which  may  be  much  matter  been  considerable,  when  accompanied 

greater  than  we  ara  yet  aware  of,  and  their  with  so  prodigious  a  velocity  as  they  evidently 

particular  properties  and  motions  may  at  no  had,  their  momentum  would  have  been  5o<^ 

distant  period  be  detected  and    explained,  as  to  have  dashed  them  with  violence  upon 

This  is  one  proof,  among  others,  that  bodies  the  earth,  where  the  most  appalling  efTccts 

of  a  considerable  size  may  exist  in  the  hea-  might  have  been  produced,  in  the  demolition 

vens,  and  be  prosecuting  iheii  courses  in  va-  of  human  habitations,  and  the  destruction  of 

rious  directions,  though  they  have  never  been  thousands  of  their  inhabitants.    But  it  does 

detected  by  our  telescopes.    The  subject  is  not  appear  that  any  of  them  made  their  way 

peculiarly  interesting  to  philosophers  and  as-  through  the  atmosphere  to  the  turfact  oftk^ 

tronomers.    The  facts  which  have  already  ear/A,  which  was  doubtless  owii^  to  the  com- 

been  observed  afford  a  sensible  proof  of  the  paratively  light  materials  of  which  they  were 

attractive  power  of  the  earth  o%'er  bodies  at  a  composed.    This  circumstance,   along  with 

distance  in  the  heavens ;  and  it  is  to  be  hoped  many  others,  evidently  shows  that  wc  may  be 

that  the  future  observations  and  investigations  surrounded  vtrith  numerous  bodies  and  sob- 

of  scientific  men,  in  relation  to  such  pheno-  stances  impalpable  to  the  organs  of  vision,  any 

mena,  will  throw  some  further  light  on  the  one  of  which  might  be  sufficient  to  depriva 

nature  and  properties  of  bodies  which  have  us  of  our  comforts,  and  even  prove  destructht 

hitherto  been  involved  in  darkness  and  mys-  to  our  existence,  were  it  not  under  the  dizeo* 

feiy.    What  the  destination  of  such  bodies  tion  and  control  of  Infinite  Wisdom  and  Be> 

may  be,  or  the  ends  they  serve  in  the  econo-  ncvolence. 


CHAPTER  XVI. 

Arguments  Ultutrative  of  the  Doctrine  of  a  Plurality  of  Worlds. 

HATiirg  in  the  preceding  pages  exhibited  mind,  and  that  the  main  object  of  the  crea- 

m  condensed  view  of  the  principal^cts  in  re-,  tion  of  the  plancte,  as  proved  from  all  the 

lation  to  the  Sidereal  Heavens,  I  shall  now  decorations  and  special  arrangements  connect- 

inquire  into  some  of  the  designs  which  the  ed  with  them,  ivas  to  afford  habitations  for 

Almighty  Creator  appears  to  have  had  in  numerous  orders  of  sensitive  and  intellectual 

▼iew  in  replenishing  his  universe  with  such  beings.     Without  resuming  the  considention 

an  immense  number  and  variety  of  magnifi-  of  any  of  the  arguments  there  stated,  I  shall 

cent  orbs.    In  Chapter  IX.  of  "  Celestial  in  this  chapter  ofier  a  few  additional  aigo- 

Scencry,"  I  entered  on  a  considemtion  of  this  ments  corroborative  of   the  same  portion, 

subject,  end  illustrated  at  some  length  a  few  which,  taken  in  connexion  with  the  former, 

leading  arguments,  which  tend  to  prove  that  will,  I  trust,  amount  to  a  moral  demonstm- 

matier  was  created  chiefly  in  subserviency  to  tion  that  all  the  g^at  globes  in  the  universe 

are  in  some  respect  or  another  connected  with 

Sroes :    "  I  was  suddenly  awakened  by  the  moat  intelligent  existence. 
Istresslng  crle«  that  ever  fell  on  ray  ears.  Shrieks        j,  "fhe  first  class  of  arenments  I  shall  illus- 

of  horror  and  cries  of  mercy  I  could  hear  flrom  ^^.    .     ,     r«ii«„:«„ .     »ru„*  *l^  A..j.*^»»  */■ 

most  of  the  negroes  on  three  plantations  amonnu  ^^  "  the  foUowmg  :--l  hat  the  dodnne  of 

ing  in  all  to  aboat  six  or  eight  hundred.    While  a  plurality  of  worlds  ts  more  worthy  of  tne 

earneatly  listening  for  the  cause.  1  heard  a  faint  perfections  of  the  Infinite   Creator,  and 

voice  near  the  door  calling  my  name.    1  arose,  £.  •[  -V,    ^1,^'L.m  ^^J  ^.^^.'^m^^ 

and  uking  my  sword,  stood  at  the  door.    At  thin  g^^  <f«  .<»  ^<^^  glortaus  and  magntJuetU 

moment  I  heard  the  same  voice  still  beseeching  idea  of  his  character  and  Operations  than  to 

metorise.and  saying,  •Oh,  my  Gods  the  world  suppose  his  benevolent  regards  txinfintd  to 

Is  on  Hre  V  I  thenmpencd  the  door,  and  it  is  diffi-  ^rl  O,  jl^  ,^  ..  l  '^.i  -..-  ^..^7/ 

ctflt  to  say  which  excited  roe  most-theawfulness  t/te  globe  on  whtc/i  1M  dwet4.  ^ 

of  the  scene,  or  the  distressed  cries  of  the  negroes.        1.  The  doctrme  of  a  plurality  of  worlds  im 

Upwards  of  one  hmidred  lay  prostrate  on  the  more  accordant  with  the  idea  of  the  injhtitif 

SSS?.".?  cTrb7,'S!iV.lirhr'h."nrXd'  of  the  Divine  Mind  th»  any  other  pjddoa. 

imploring  God  to  save  the  world  and  them.    The  It  is  admitted  by  all  rational  theists  and  tbeo- 

scene  was  truly  awftil ;  for  never  did  rain  fell  logians  that  the  Divine  nature  fills  the 

much  thicker  than  the  meteors  fell  towards  the  ^^_  •»„  «r  „««,^  «« j  «.^  ,^«-*^„a«<1v 

earth,    east,  west,  nofih,  and  south,  it  was  the  density  of  space,  and  we  consequently 

tame  r**  the  Creator  as  an  infinite  and  incom^ 
(6429r 
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Ue  being.    Botwe  can  have  no  ideas  ap-   thing  into  existence    ai  the  period  when 
proximating  to  what  infinity  really  is,  unless   Moses  commences  his  narrative  of  the  pro- 
hy  the  prospects  opened  to  as  of  the  indefinite   cesses  which  preceded  the  formation  of  man. 
eztcRBion  of  material  existence.     Beyond  the   Nor  have  we  any  reason  to  believe  that  tiie 
limits  we  may  assign  to  the  material  world,    operations  of  Creating  Power  have  ceased 
oar  ideas,  if  we  have  any  ideas  at  all,  run    since  the  structure  of  our  world  was  com« 
into  coiifiinon,  and  approximate  to  inanity,   pletcd,  but  have  some  evidences  of  the  con- 
It  does  not  comport  with  the  idea  of  a  Being   trary ;  for  example,  in  the  case  of  new  sfara^ 
of  infinite  perfection  that  his  works  should  be    which  have  made  their  appearance  at  difier- 
confined  to  one  point  of  infinite  space,  or  that   ent  periods  since  the  time  of  the  Mosaic  crea- 
one  conaparatively  small  race  of  intelligent   tion,  and  even  within  the  limits  of  the  last 
beings  should  be  the  sole  object  of  the  mora]   century.    It  does  not  appear  corresponding 
government  of  Him  whose  presence  fills  the   to  the  idea  of  an  Eternal  Being,  whose  ex- 
regions  of  immensity.    It  is  more  correspond*   istence  can  never  terminate,  and  whose  per- 
ing  to  the  conceptions  we  ought  to  form  of   fecticms  are  the  same  at  all  periods  of  dura- 
such  a  Being  that  the  immensity  of  his  works   tion,  that  eveiy  thing  should  stand  still  in  the 
should  correspond,  in  some   degree,  to  the   universe,  and  that  nothing  new  should  arise 
immensity  of  his  nature ;  and,  so  iar  as  our   into  existence  during  the  lapse  of  infinite  du- 
knowledge  and  observation  extend,  this  is  in   ration,  which  would  in  efiect  be  the  case  if 
reality  the  case.  Beyond  the  range  of  natural   the  work  of  creation  were  absolutely  finished, 
▼inon,  the  telescope  enables  us  to  descry  nu-   or  if  man  were  the  principal  intelligence  con- 
merous  objects  of  amazing  magnitude ;  and,   nected  with  the  material  system, 
in  proportion  to  the  excellence  of  the  instru-       Whether  the  happiness  of  the  Divinity 
ment  and  the  powers  applied,  objects  still   may  be  increased  by  Uie  contemplation  of  his 
more  remote  in  the  spaces  of  inunensity  are   purposes  and  plans  being  brought  into  efiect, 
unfolded  to  our  view,  leaving  us  no  room  to   we  cannot  positively  declare ;  though  it  does 
doubt  that  countless  globes  and  masses  of   not  appear  contraiy  to  reason  or  the  dictates 
matter  tie  concealed  in  the  still  remoter  r&-   of  Scripture  to  suppose  that  even  the  felicity 
gions  of  infinity,  fiir  beyond  the  utmost  stretch   of  the  Deity  may,  in  a  certain  limited  and 
of  mortal  vision.    But  huge  masses  of  matter,    modified  sense,  be  susceptible  of  augmento- 
howcver  numerous  and  widely  extended,  if    tion.*     But  whatever  opinion  may  be  formed 
devoid  of  intelligent  beings,  could  never  com-    on  this  point,  from  the  constitution  of  finite 
port  with  the  idea  of  happiness  being  coox-   minds,  and  the  pfrinciples  and  desires  implant- 
tensive  with  the  range  of  the  Creator's  domi-   ed  in  them,  it  appears  necessary  to  tkeir  pro- 
nioDS.     Such  an  idea  would  completely  ob-   gressive  enjoyment  that  new  scenes  and  ma- 
score  the  lustre  of  all  his  other  attributes,  and   nifestations  of  Divine  perfection  should  be 
prevent  them  fix>m  being  known  and  appro-   continually  opening  to  tiieir  view ;  and  if  the 
dated  wherever  his  Omnipotence  is  displayed,   universe  he  indefinitely  extended,  as  it  appears 
To  consider  creation,  therefore,  in  all  its  de-   to  be,  and  if  new  worlds  are  continually 
partments,  as  extending  throughout  regions   springing  up  under  the  creating  hand  of  the 
of  space  illimitable  to  mortal  view,  and  filled    Omnipotent,  then  we  behold  a  prospect  of 
with  intelligent  existence,  is  nothing  more   progressive  knowledge  and  enjoyment  suited 
than  what  comports  with  the  idea  of  Him   to  the  desires  and  aspirations  of  intelligent 
who  inhabitcth  immensity,  and  whose  perfec-   minds,  which  can  never  terminate  throughout 
tions  are  boundless  and  past  finding  out  all  the  fiiture  periods  of  eternity.   It  is  indeed 

3.  The  idea  of  the  izidefinite  extension  of   absurd  to  suppose  that  a  Being  without  be- 
the  universe  and  a  plurality  of  worlds  u  most 
accordant  with   the  eternity  of  the  Divine       *  It  Is  declared  in  Psalm  cilvii.  11 :  "Thetord 

Mmd.  Whenwcgotackinim.gin.tion  to  S5rfo5l"""wJ  i"  rcy?' t'i  S"  .^.k^ 'm^ 
ages  and  centunes  of  duration  more  numer-  aiah  it  !•  said,  "  Jebovah  ta  well  ploaaed  for  his 
oas  than  the  drops  of  ocean  or  the  sands  on    righteousness*  sake.**    In  reference  to  the  mate- 

'^r^'^J.r.^^  Deity  exWng  in  r.%'hrXoftrii'',3.S.fl!  ^Ll^l.tlVi 
all  tbe  plemtude  Of  his  mcommunicable  attn-  Lord  «AftUftEJoicB  m  ai/AuwerA«."  The  ex- 
hates;  for  "He  inhabitcth  eternity,"  as  well  pression,  ••"The  glory  of  the  Lord,"  denotes  the 
as  inmiensitv.  There  is  nothing  repujmant  display  of  the  Divine  perfections  made  in  the 
•*C^  ''  **«>»'»  «"VMixin5  ii^puKiiaui,  ^orksofcreatlon.  as  Is  evident  from  the  subject 
eithcT  to  reason  or  revelation  to  suppose  that,  of  the  psalm  in  which  It  occurs,  which  celebrates 
innumerable  ages  before  our  globe  was  ar-  the  power,  wisdom,  and  providence  of  God,  In  r&> 

i»g«i  into  it.  p««»nt  rt.te,n»ny  region.  '^;lr".:Vh:.'i1fbV.U''£LT"Tr2.«l'."hS; 
Of  mfinite  space  were  replenished  with  mate-  rnoUe*'  In  them,  which  seems  to  Imply,  speaking 
rial  existence;  for  the  Scriptures  nowhere   afterthemanner  of  men, adexree  ofpleasure  or 

asert  that  the  material  out  of  which  our   ^1!?!^*=!!^?  ^Ss^^^^f  ^^.J^J'''t^lS!''^SSl 
.  .  ,  L         1.^  /•  plans,  ana  nis  eternal  purpoees,  broBcat   lata 

gbbe  was  arranged  were  brought  from  no-    eifect  and  Ailfillbig  ths  ends  intended. 
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ginning  and  without  end  ahould  have  his  the  harmonious  operaticm  of  principle«  and 

attention  solely  or  chiefly  directed  to  one  causes  producing  grand  and  beneficent  effects  1 

point  of  his  universe,  and  to  one  class  of  in-  the  aoc(Mnplishment  of  glorious  and  usefiiJ 

telligences,  **  to  whom/'  in  point  of  number  designs  by  admirable  aiiangements  t      We 

and  of  rank,  "  they  are  counted  as  nothing,  could  only  behold  a  vast  and  stupendous  a»- 

and  less  than  nothing,  and  vanity/'  semblage  of  means  without  an  end;   or,  at 

In  respect  to  a  Being,  then,  who  fills  the  least,  without  an  end  corresponding  to  thdr 

infinity  of  space  with  his  presence,  and  who  magnitude  and  grandeur.   We  should  behold 

is  possessed  o{  eternal  duration,  it  is  nothing  merely  a  display  of  boundless  and  uncontrol- 

more  ttian  what   )«  consistent  with   these  \ab\e  power  acting  at  random,  and  producing 

attributes,  and  Trhat  we  should  naturally  ex-  no  effect  which  could  excite  the  love  and  ad- 

pect,  thai  uip  empire  should  stretch  over  the  miration   of  holy  intelligences.      For  what 

regions  of  imiiun^ty,  and  that  it  should  be  could  they  behold  to  excite  such  emotions, 

filled  with  inn*j:n?rable  intelligences,  capable  although  they  were  permitted  to  make  the 

of  appreciating  his  power  and  goodness,  and  tour  of  the  universe  1     Scenes  of  emptiness 

of  paying  a  tribute  of  gratitude  and  adoration,  and  desolatbn,  of  silence  and  solitude,  where 

The  two  attributes  to  which  we  have  adverted  no  sound  is  heard,  where  no  animated  being 

could  never  be  thoroughly  displayed  to  finite  enlivens  the  boundless  prospect,  where  no 

minds,  unless  creation  were  extended  through  interchange  of  sentiment  or  afiection  can  take 

the  illimitable  tracks  of  space,  and  new  crea-  place,  and  where  no  praises  fix)m  adoring 

tions  gradually  unfolding  themselves  to  view,  worshippers  ever  ascend  to  the  Ruler  of  the 

Were  creation  as  limited  as  many  suppose,  skies.      A  rational  being  traversing   scenes 

wr::  it  confined  chiefly  to  the  world  in  which  of  this  description  would  feel  as  little  enjoy- 

we  d^^il,  and  tne  oeings  connected  with  it,  ment  as  a  bewildered  traveller,  amidst  storms 

wc  xr.*^i  m  the  course  of  a  few  ages  be  said  and  tempests,  wandering  over  a  vast  howling 

in  some  aj^^Hiiure  to  comprehend  the  Creator,  wilderness,  where  human  feet  had  never  trod. 

Laving;  czj^Scr^  all  the  displays  he  has  made  and  where  the  sweet  accents  of  the  human 

0!  his  power,  wisdom,  and  goodness ;  for  we  voice  are  never  heard  to  cheer  the  Boiroand- 

knr>w  nothing  more  of  the  Deity  tiian  the  ing  solitude. 

^h*t»uf&iaium8  he  has  made  of  himself  in  his       But  when  we  view  the  magnificent  globes 

works  and  his  moral  dispensations.    Every  which  are  scattered  throughout  inunenai^  as 

thing  m  relation  to  man  and  his  habitation  replenished  with  numerous  ordcia  of  intelh- 

might  be  known  after  the  investigations  of  a  gont  beings,  we  behold  an  eitd  worthy  of  the 

very  limited  number  of  ages,  and  nothing  grandeur  of  the  means  which  have  been  eat- 

further  would  remain  to  stimulate  the  exercise  ployed,   worthy  of   the  omnipotent    power 

of  the  rational  faculties  throughout  all  the  which  has  been  exerted,  and  corresp<Hiding 

succeeding  periods  of  infinite  duration.    But  to  the  perfections  of  him  who  is  "the  only 

we  may  rest  assured  that  the  Divine  Being  wise  God,"  who  is  <<  wonderful  in  oonnsel, 

\a  absolutely  incomprehensible,  and  that  no  and  excellent  in  woriung."     We  behold  a 

created  intelligence  will  ever  be  able  to  sound  display  of  Divine  wisdom  and  munificence 

the  depth  of  his  perfections,  or  to  trace  the  which  is  calculated  to  arrest  the  attention  and 

full  extent  of  his  operations.  draw  forth  the  admiration  of  all  rational  be- 

3.  It  is  more  accordant  with  the  wisdom  ings,  and  to  excite  the  most  ardent  deairps  of 

of  the  Deity  that  the  universe  should  be  in-  beholding  the  distant  scenes  of  the  universe 

habited  by  iatelligent  minds,   than  that  it  more  completely  unfolded — a  display  calcu- 

should  remain  in  a  state  of  perpetual  desolation  latcd  to  gratify  intelligences  of  the  h!g*i«»*t 

and  solitude.  order,  and  of  the  most  capacious  powers,  to 

Could  it  be  proved  that  the  planets  of  the  excite  them  to  the  most  sublime  investigations, 

solar  system,  and  all  the  other  magnificent  and  to  inspire  them  with  emotions  of  love, 

globes  which  are  dispersed  throughout  crea-  reverence,  and  adoration  of  Him  who  creat<fd 

tion,  are  only  rude  masses  of  matter,  without  all  worlds,  and  for  whose  pleasure  they  are 

life  and  intelligence,  it  would  confound  all  and  were  created. 

our  ideas  of  the  intelligence  of  the  Divine       4.  The  idea  of  the  universe  being  replen- 

mind.    Wisdom  is  universally  acknowledged  ished  with  sensitive  and  intellectual  existence 

to  be  one  of  the  eternal  and  essential  attributes  is  accordant  with  every  rational  view  we  can 

of  the  Divinity.    But  how  could  the  gloiy  take  of  the  goodness  or  henewktice  of  the 

of  this  attribute  be  traced  from  the  contem-  Deity. 

plation  of  a  mass  of  mere  inanimate  matter.        The  goodness  of  God  is  that  attribute  oC 

however  vast  and  splendid  ui  its  general  as-  his  nature  by  which  he.  delights  to  conunun»* 

pect,  when  no  end  or  design  of  its  creation  is  cate  happiness  to  all  the  ranks  of  his  spntiei^ 

perceived  1     Where  should  we  be  eiuibled  to  and  intelligent  of&pring.     Like  every  othet 

perceive  the  nice  adaptation  of  moans  to  ends?  attribute  of  the  Divine  mind,  it  is  strictly 
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boondlcM  or  infinite,  coextensiTe  with  the  of  inhabitants,  there  would  be  no  extensive 
eternal  greatness  of  that  mind,  and  commen-  display  of  this  essential  perfection  of  the  Di- 
sumtc  with  infinite  knowledge,  wisdom,  and  vine  nature ;  and  to  those  few  intelligences 
omnipotence.  The  benevolence  of  the  Deity  who  might  be  permitted  to  view  the  desolate 
may  be  said  to  constitute  his  whole  mord  wastes  of  the  universe,  or  to  receive  informa- 
character,  and  to  reflect  a  radiance  on  all  his  tion  respecting  them,  it  would  appear  as  if  the 
other  perfections.  To  his  hve  of  happiness,  Divine  goodness  had  either  been  exhausted 
as  it  now  exists  among  every  order  of  his  or  had  ceased  its  operations,  and  been  with- 
creatores,  and  to  his  desire  of  producing  it  in  drawn  firom  the  scene  of  creation,  as  if  "  the 
all  his  future  arrangements,  no  possible  limits  Lord  had  forgotten  to  be  gracious,  and  in 
am  be  affixed.  Hence,  in  the  sacred  records,  anger  shut  up  his  tender  mercies."  We  have 
the  Divine  Being  is  summarily  described  by  reason,  however,  to  believe,  both  firom  scripture 
this  perfection  alone,  "  God  is  love^  It  is  and  fi'om  reason,  that  it  is  the  great  end  of 
not  merely  asserted  that  God  is  benevolent,  all  the  operations  of  Deity  that  a  theatre  may 
but  that  he  is  benevolence  itselC  Benevo-  l)p  prepared,  on  which  the  emanations  of  his 
lence  is  the  cfsence  of  his  being  and  character  goodness  may  be  communicated  to  innumer- 
— a  summary  of  every  thing  that  can  render  able  orders  of  beings  throughout  his  vast 
him  amiable  and  adorable  m  the  eyes  of  all  creation.  There  is  no  other  conceivable  end 
his  mtelligent  creatures.  This  benevolence  for  which  the  febric  of  universal  nature  was 
is  permanent  and  immutable,  and  must  be  reared  than  that  it  should  serve  as  a  scene  of 
for  ever  active  in  distributing  blessings  enjoyment  to  innumerable  beings  susceptible 
wherever  percipient  beings  exisL  As  it  con-  of  feeling  the  efi^ts  of  the  Creator's  bounty, 
asts  in  the  love  of  happiness,  and  the  desire  and  that  therein  they  might  behold  a  magnifi- 
of  communicating  it  wherever  there  is  scope  cent  display  of  the  grandeur  of  his  eternal 
fi>r  its  exercise ;  as  it  is  the  boundless  energy  attributes ;  but  if  by  fiur  the  greater  part  of 
of  the  infinite  Mind  in  unceasingly  doing  creation  were  uninhabited,  such  an  end  would 
good,  it  must  be  displayed,  in  a  greater  or  be  frustrated.  However  expansive  the  scene 
Ie«  degree,  wherever  matter  exists,  and  of  the  universe  may  be — however  numerous 
wherever  wisdom  and  omnipotence  have  been  and  magnificent  the  worlds  and  systems  which 
exerted  throughout  the  universe.  We  know  exist  within  its  boundless  range,  the  glories 
that  it  is  incessantly  displayed  throughout  all  of  Omnipotence  would  remain  for  ever  veiled 
the  departments  of  our  terrestrial  system,  in  and  unknown,  except  to  a  small  race  of  beings 
the  ample  provision  made  for  the  wants  of  who  occupy  only  a  point  in  the  immensity 
every  species  of  animated  existence,  in'*'  giv-  of  space,  and  who  carmot  possibly  be  ao 
bg^  the  various  tribes  of  men  **  rain  fi'om  quainted  with  the  ten-thousandth  part  of  the 
heaven  and  firuitfiil  seasons,  and  filling  their  scenes  which  lie  in  the  remoter  spaces  of 
hearts  with  food  and  gladness;"  and,  in  a  creation. 

Wonderful  diversity  of  modes,  distributing  en-  If,  therefi>re,  we  would  not  rob  the  Divinity 
joynient  among  percipient  beings.  It  is  of  the  most  distinguishing  attribute  of  lus  na- 
celebrated  in  the  highest  strains  by  the  in-  tore,  we  must  admit  that  wherever  creation 
■pired  writers  as  one  of  the  most  glorious  extends,  his  goodness  and  beneficence  are 
and  distinguishing  characteristics  of  Jehovah,  displayed,  and,  consequently,  that  intelligent 
"  The  LoiyI  is  good  to  all ;  his  tender  mercies  beings  of  various  orders  must  exist  throughout 
are  over  all  his  works.''  ^  He  is  mercifiil,  and  all  its  amplitudes.  Wherever  power  and  wi»- 
gncious,  and  abundant  in  goodness."  **  His  dom  are  displayed,  it  ought  to  be  considered 
bounty  u  gredt  above  the  heavens,"  and  ''he  as  a  necessary  consequence  that  there  also 
cxerdses  loving  kindness  throughout  the  goodness  is  exercised,  as  the  one  is  subsidiary 
earth.*'  *<  O  give  thanks  to  the  Lord,  for  he  is  to  the  other,  and  stands  related  as  means  to 
good,  for  his  mercy  endureth  for  ever."  an  end,  or  as  cause  to  effect,    It  would  be  a 

But  however  great  and  inexhaustible  the  most  glaring  piece  of  inconsistency  to  suppose 
aource  of  happiness  in  the  Divine  mind,  the  that  the  Divine  benevolence  is  confined  to  one 
uxreise  of  goodness  necessarily  supposes  the  or  two  worlds  <xc  orders  of  beings,  when  mil- 
ejnstence  of  sensitive  or  rational  beings,  to*  Uons  of  expansive  systems  diversify  the  fields 
vards  whom  benevolence  may  bo  displayed,  of  immensity ;  more  especially  when  we  con- 
Where  no  such  beings  are  to  be  found,  this  sider  that  the  goodness  of  the  Deity  is  of  so 
A^bute  cannot  be  exercised  or  traced  in  its  communicative  a  nature  that  all  die  interval 
operation.  Mountains  and  plains,  rocks  of  between  a  polypus  and  a  man  is  filled  with 
nuurble  and  diamonds,  or  valleys  adorned  with  thousands  of  species  of  animated  beings,  of 
all  manner  of  precious  stones,  however  rich  every  conceivable  form,  and  structure,  and 
^  splendid,  cannot  feel  the  effects  of  Divine  capacity,  in  order  that  happiness  of  every  de- 
beneficence.  I^  therefore,  the  numerous  greo  may  be  diffused  among  every  possible 
globes  throughout  the  univeiBe  were  destitute    order  of  sentient  existence.    Every  element 
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of  nature,  evexy  deportment  of  our  terrestrial  ness  and  mystery  would  be  tJirown  over  aO 

system,  forms  an  appropriate  abode  for  living  the  perfections  and  purposes  of  the  Divinity , 

beings.    The  air,  the  waters,  and  the  earth  creation  would  appear  a  vast,  mysterious,  and 

teem  with  "animated  existence  of  every  size  inexplicable  E^tem ;  and  no  hope  would  ever 

and  form,  and  in  sudi  vast  multitudes  as  to  be  entertained  of  tracing  the  designs  for  which 

exceed  all  human  calculation ;  and  if  the  dis-  it  was  brought  into  existence, 

plays  of  Divine  goodness  be  thus  exuberant  IT.  Another  general  argument  for  the  plu- 

m  our  sublunary  world,  it  would  be  absurd  in  rality  of  worlds,  and  for  an  extensive  popula- 

the  highest  degree  to  suppose  for  a  moment  tion  of  the  universe,  may  be  founded  on  the 

that  the  millions  of  vast  globes,  which  roll  in  following   proposition, — ^that   whcrtver    any 

the  distant  regions  of  creation  are  devoid  of  one  perfection  of  Deity  is  exerted,  there  also 

inhabitants^  since  the  communication  of  happi-  all  his  attributes  are  in  operation^  and  must 

ness  appears  to  be  one  great  end  of  all  the  be  displayed,  in  a  greater  or  less  degree,  U^ 

operationsof  infinite  wisdom  and  omnipotence.^  certain  oilers  of  intelligences.    This  is  a  most 

Thus    it  appears   that  the  doctrine  of  a  important  consideration,  which  ought  to  be 

pluratity  of  worlds  is  not  only  accordant  with  taken  into  account  in  all  our  views  of  the 

eveiy  rational  view  we  ought  to  entertain  of  Divine  character,  and  in  all  our  investigations 

the  eternity  and  immensity,  the  wisdom  and  of  the  Divine  administration — a  consideration 

goodness,  of  the  Divine  Being,  but  that  the  which  is  too  frequently  overlooked  in  the  views 

opposite  opinion  would  be  repugnant  to  every  and  reasonings  both  of  philosophers  and  theo- 

consistent  and  scriptural  view  we  can  take  logians. 

of  the  character  of  the  Supreme,  and  would  The  Divine  Being  is  oxs  undivided  es- 

obscure  the  glory  of  every  divine  perfection,  sence ;  he  is  not  compounded  of  separable 

This  \*iew,  therefore,  of  the  universe,  consi-  parts  or  qualities,  insulated  from  each  other, 

dered  as  replenished  with  innumerable  Intel-  We  ought  not,  therefore,  to  conceive  of  his 

ligenccs,  is  calculated  to  exhibit  a  more  glo-  attributes  as  so  many  independent  powers  or 

rious  and  magnificent  idea  of  the  character  properties,  any  one  of  which  may  be  exerted 

and  operations  of  the  Deity  man  to  suppose  without  the  c(mcurrence  or  co-operation  of  the 

bis  benevolent  regards  confined  to  the  globe  other.     From  the  Umited  views  we  too  fris 

on  which  we  dwell.    Instead  of  having  only  qnently  take  of  the  Divinity,  and  fix>m  the  im* 

one  comparatively  small  world  and  race  of  perfection  of  our  present  faculties,  we  are  apt 

beings  under  his  sway,  we  here  contemplate  to  fall  into  this  mistake ;  but  since  all  the  per- 

him  as  the  supreme  ruler  of  ten  thousand  times  fections  we  attribute  to  the  Eternal  Mind  are 

ten  thousands  of  mighty  worlds,  and  conduct-  attributes    of   one   indivisible    and   uncom- 

ing  them  all,  with  unerring  skill,  in  their  vast  pounded  Being,  we  ought  never  to  imagine 

career.     We  behold  him  exercising  his  moral  ihat  power  in  any  instance  operates  without 

administration  over  a  vast  t«nit*£r9eo/'miVu29,  goodness^  or  wisdom  without  reetUudc,  or 

more  numerous  than  the  faculties  of  men  or  that  it  can  ever  happen  that  any  one  of  those 

of  angelic  beings  are  adequate  to  compute,  perfections  can  be  displayed  without  the  hai^ 

supporting  and    directing    all   the   amazing  monious  operadon  of  the  whole.     In  whatever 

powers  of  thought,  wisdom,  intelligence,  af-  regions    of  the  universe,  therefore,  God   is 

fection,  and  moral  action,  throughout  every  seen  to  operate  by  his  power,  we  may  rest 

part  of  his  eternal  empire,  displaying  the  assured  that  there  also  he  displays  himself  in 

depths  of  his  wisdom  and  intelligence,  the  the  plenitude  of  all  his  other  perfections ; 

rectitude  of  his  character,  and  the  grandeur  tiiat  intelligence,  wisdom,  benevolence,  vera* 

of  his  omnipotence  to  countless  orders  of  in-  city,  and  rectitude  follow  in  the  train  of  om- 

tellectual  existence,  presenting  before   them  nipotence,  displaying  in  undivided  lustre  and 

prospects  of  magnificence  and  grandeur  bound-  harmony  the  glories  of  his  character.    It  is 

less  as  immensity,  distributing  among  them  God,  invested  with  all  his  eternal  and  immn- 

all  the  riches  of  his  beneficence,  and  inspiring  table,  his  natural  and  moral  attributes,  and 

them  with  the  hope  that  the  grandeur  of  his  not  any  single  perfection,  that  acts,  arranges^ 

kingdom  and  the  glory  of  Ms  perfections  will  and  governs  throughout  the  whole  amplitude 

continue  to    be  displayed  with    increasing  of  creation ;  and  as  such,  his  moral  grandeur, 

splendour  throughout  all  the  periods  of  an  as  well  as  the  physical  effect  of  his  power, 

endless  duration.    Such  a  Being  is  calculated  must  be  displayed  in  every  department  of  the 

to  draw  forth  the  liighest  degree  of  love  and  material  universe.    From  the  infinrnoe  of 

admiration  from  all  his  intelligent  offspring,  to  haliit,  and  in  consequence  of  the  limited  facul- 

inspire  them  with  glowing  ardour  in  his  ser-  ties  of  our  nature,  we  are  accustomed  to  say, 

vice,  and  to  excite  them  to  incessant  adora-  that  in  one  object  power  is  displayed,  and  in 

tion ;  whereas,  did  the  universe  consist  merely  another  that  wisdom  is  manifested ;  becaoae, 

of  a  boimdlcss  mass  of  matter  without  anima-  that  in  the  one  the  attribute  of  power  appears 

Qon,  thought,  or  intelligence,  a  veil  of  dark-  to  us  most  prominent,  and  in  the  other, 
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dom  is  more  itiikiiigly  apparent    A  loftjr  exercised,  such  beings  miist  necessarily  be 

laogc  of  mountains,  rearing  their  summits  conceived  to  exist ;  otherwise,  we  in  effect 

abore   the  clouds,  and  stretching  along  for  destroy  the  aimvliciiy  of  the  Divine  nature, 

KverU  hundreds  of  miles,  strikes  the  mind  we  divide  the  Divine  essence  into  so  many 

with  an  idea  of  power  in  Him  who  formed  independent  attributes,  and  virtually  declare 

them ;  but  the  fine  mechanism,  accomplishing  that  in  the  work  of  creation  the  Deity  does 

certain  useful  purposes  in  the  body  of  an  emmet  not  act  in  the  full  exercise  of  his  indivisible 

or  a  gnat,  or  the  delicate  construction  of  the  eye  and  eternal  perfections, 

of  a  dragon-fly,  arrests  our  attention  more  par-  The  above  considerations,  if  duly  weighed 

ticularly  as  an  evidence  of  wisdom,  although  and  understood,  appear  to  me  to  embody  an 

in  each  of  these  cases  both  power  and  wisdom  argument  for  the  doctrine  of  an  indefinite 

are  displayed.    In  no  act  or  operation  what-  plurality  of  worlds  which  may  be  considered 

ever  of  the  Divine  Being  can  it  be  said,  that  as  amounting  to  a  moral  demonstration. 

in  that  act  he  is  only  wise,  or  only  poweriVd,  III.  There  is  an  absurdity  invohed  in  the 

or  only  benevolent ;  for  in  every  operation,  contrary  supposition — ^namely,  that  the  dis- 

and  m  eveiy  part  of  his  procedure,  he  acts  in  tant  regions  of  creation  are  devoid  of  inhabit- 

the  ptenittidt  of  all  his  essential  attributes,  ants. 

although  the -full  display  of  all  his  perfections  l*  There  are  two  modes  of  reasoning 
may  not,  in  every  instance,  be  open  to  our  which  have  been  employed  to  prove  the  truth 
inspection.  of  a  proposition :  the  direct  method,  by  bring- 
\t,  then,  the  positions  now  stated  be  admit-  ing  forward  arguments,  or  following  out  a 
ted,  (and  I  see  not  how  they  can  be  called  in  train  of  reasoning  bearing  expressly  on  the 
question,)  it  necessarily  follows  that  all  the  position  to  be  supported ;  or  the  indirect  me- 
v^ist  globes  dispersed  throughout  the  universe  thod,  by  showing  the  absurdity  of  maintaining 
are  either  inhabited  or  contribute,  as  our  sun  the  opposite  position.  Mathematicians  term 
does,  to  the  comfort  and  enjoyment  of  perci-  this  latter  species  of  reasoning  the  reduetio 
picnt  existence;  for  if  wisdom  and  goodness  ad  absurdurn^  and  sometimes  employ  it  in- 
unifonnly  and  of  necessity  accompany  the  stead  of  the  direct  method,  by  showing  that 
agency  of  power,  and  if  these  attributes  can  the  contrary  of  the  position  laid  down  is  im- 
be  exercised  only  in  relation  to  sentient  or  possible,  or  involves  an  absurdity ;  and  this 
intel%ent  beings,  such  beings  must  exist  method  of  proof  is  considered  as  valid,  and  as 
wherever  such  perfections  arc  exercised.  To  strictly  demonstrative  as  the  other ;  for  the 
suppose  the  contrary  would  involve  a  palpable  opposite  of  truth  must  be  falsehood.  If^ 
absurdity,  and  present  a  distorted  and  incon-  therefore,  any  proposition,  whether  mathe- 
sistent  view  of  the  adorable  character  of  matical  or  moral,  can  be  shown  to  involve  an 
Jehovah.  absurdity,  or  to  be  inconsistent  with  a  well- 
In  our  survey  of  the  sidereal  heavens,  and  known  and  acknowledged  truth,  or  directly 
the  remoter  provinces  of  the  Divine  empire,  contrary  to  it,  we  may  safely  conclude  that 
we  behold  little  more  than  an  overwhelming  such  a  proposition  must  he  fake. 
display  of  almighty  power.  Our  remoteness  To  feel  the  force  of  such  an  argument  in 
from  those  magnificent  scenes  prevents  us  the  present  case,  lot  us  suppose  for  a  moment 
from  tracing  the  nunute  contrivances  of  Di-  that  the  planetary  and  stellar  orbs  are  desti- 
vine  Wisdom  in  relation  to  any  particular  sys-  tute  of  inhabitants.  What  would  be  the  coi^- 
lem,  or  the  displays  of  Divine  Beneficence  sequences  1  All  those  vast  bodies  must  then 
towards  its  inhabitants.  But  our  incapacity  be  considered  as  regions  of  eternal  silence, 
in  perceiving  the  effects  of  wisdom  and  good-  solitude*  and  desolation.  The  sun  illuminates 
nesB  forms  no  arguments  against  the  actual  the  surfaces  of  such  huge  globes  as  Jupiter 
exercise  of  these  perfections.  If  it  be  admit-  and  Saturn,  but  there  are  no  visual  organs  to 
ted  that  infinite  wisdom  and  benevolence  are  perceive  the  lustre  he  throws  around,  no  per^ 
the  neoessaiy  accompaniments  of  almighty  cipient  beings  to  feel  the  influence  of  his  heat 
power,  we  may  rest  assured  that  those  per-  and  other  benign  agencies.  Time  is  mea- 
lections  are  in  full  and  constant  exercise  sured  with  exquisite  precision  by  days,  and 
wherever  creating  power  has  been  exerted,  months,  and  years,  but  all  to  no  purpose ;  for 
although,  fipom  our  present  situation  in  the  norationalb^ngsenjoy  the  advantage  of  such 
universe,  their  operation  be.  concealed  from  iheasures  of  the  lapse  of  time,  and  the  Deity— 
our  view.  In  every  instance  where  Omnipo-  to  whom  <'  one  day  is  as  a  thousand  years, 
tence  has  put  forth  its  energies,  it  may  be  con-  and  a  thousand  years  as  one  day'' — stands  ia 
sadered  as  a  stage  or  theatre  on  which  the  no  need  of  such  movements  to  mark  the  p^ 
Divine  wisdom  and  benevolence  may  be  dis-  nods  of  duratioru  Day  and  night,  spring  and 
played.  And  as'  wisdom  and  goodness  can  summer,  succeed  each  other,  but  they  have 
onfy  have  a  reference  to  percipient  and  Intel-  no  relation  to  the  wants  or  enjoyments  of 
ligent  beings,  wherever  those  perfections  axe  sensitive  or  intellectual  natures.  The  melody 
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of  the  groreSi  the  bleating  of  flocks,  the  low-  their  minute  and  mnltifiirioufl  bearings.  In 
ing  of  herds,  the  harmonious  accents  of  hu-  our  world,  as  it  now  stands,  the  anangeinent 
man  voices,  or  the  music  of  angelic  choirs,  of  mountains  and  yaks,  the  various  properties 
never  for  a  moment  disturb  the  profound  and  of  the  watery  element,  and  its  transmutatioD 
awftd  silence  which  far  ever  prevails ;  not  a  into  vapours,  clouds,  and  dew,  the  admirable 
single  murmur  meets  the  ear,  unless  howling  mechanism  of  the  atmosphere,  the  fertility  of 
winds,  amidst  dreary  dcsarts  and  nigged  the  earth,  and  the  beautiful  colouring  which 
rocks,  should  render  the  scene  still  more  hide-  is  spread  over  the  fiioe  of  nature, — ^wtiich  are 
ous  and  doleful.  Some  of  those  mighty  globes  productive  of  so  uiany  beneficial  eflects,  and 
are  encircled  with  splendid  rings  and  a  rcti-  so  evidently  display  the  wisdom  of  Deity, — 
nue  of  moons,  which  adorn  the  canopy  of  the  would  all  appear  as  so  many  means  without 
sky,  and  present  a  scene  of  grandeur  &r  more  an  «nd,  as  contrivances  without  use,  if  the 
diversified  and  sublime  than  human  eyes  earth  were  destitute  of  inhabitants.  And  if 
have  yet  beheld,  but  no  intelligent  agents  all  the  other  departments  of  creation  were 
exist  in  those  regions  to  admire  and  enjoy  likewise  devmd  of  animation  and  intelligence, 
the  wondrous  spectacle  and  to  adore  the  great  scarcely  a  trace  would  be  left  throughout 
Creator.  In  short,  all  is  one  wide  scene  of  boundless  space  of  the  wisdom  and  benero- 
dreariness,  desolation,  horror,  and  silence,  lence  of  the  Eternal  Mind. 
Which  would  fill  a  spectator  from  this  world  2.  In  the  next  place,  such  a  position  as 
with  terror  and  dismay.  that  which  I  am  now  opposing  would  be  in- 

Were  an  inhabitant  of  the  earth  to  be  trans-  consistent  with  that  principle  of  variety  which 
ported  to  Jupiter  or  Saturn,  he  might  behold   appears  so  conspicuous  throughout  the  whole 
resplendent  scenes  in  the  canopy  of  the  firma-   range  of  the  Divine  operations,  and  with  thai 
ment ;  but  how  great  would  be  his  disap-   progressive  expansion  of  inteUectufU  vietos 
pointment  to  find  nothing  but  boundless  de-   which  appears  necessaiy  to  the  perpetual  en- 
sarts  and  desolate  wastes,  without  one  sentient   joyment  of  immortal  beings, 
being  to  cheer  the  horrors  of  the  scene,  and       In  order  to  permanent  enjoyment  it  ia  ne- 
not  a  rational  intelligence  to  communicate  a  oeasary,  from  the  veiy  constitution   of  Ihe 
single  sentiment  or  to  join  him  in  the  con-   mind,  that  one  scene   of  happiness  should 
templation  of  the  objects  above  and  around   succeed  another, — that  the  scml  should  look 
him ;  and  were  he  to  range  throughout  an   forward  to  the  fiiture,  to  something  new  or 
indefinite  lapse  of  ages  firom  one  globe  to   more  grand  and  expansive  that  it  has  yet  be- 
another,  and  from  one  comer  of  the  universe   held  or  enjoyed.    It  can  never  rest  in  pre» 
to  another,  and  find  the  same  gloomy  soli-   sent  objects  and  attainments,  but  is  always  on 
tudes  and  desolations,  he  could  find  no  stim-   the  wing  for  something  higher  and  more  ex- 
ulus  to  excite  him  to  admiration  or  rapture,   quisite  than  it  has  yet  grasped  or  enjoyed, 
or  to  elevate  his  soul  in  adoration  of  the   What  is  the  reason,  in  most  cases,  why  tin- 
Creator.    Even  ttie  most  resplendent  scenes,   prisonment  produces  so  dc^eful  an  efiect  upon 
adorned  with  ail  tlie  riches  and  beauties  which   the  mind,  but  because  its  views  and  its  actions 
the  most  lively  imagination  can  depict, —   are  confined  to  a  narrow  circle  1     And  if  in 
mountains  of  diamonds  and  plains  diversified  Wch  a  situation  newspapeiSt  books,  paper, 
with  all  the  beauties  of  the  vegetable  crea-   pens  and  ink,  be  withheld,  so  as  still  furUicf 
tion,— «ould  impart  no  real  pleasure  while   to  dreumscribe  the  mental  view,  its  want  of 
unenlivened  with  the  principle  of  animatton   enjoyment  and  its  misery  are  still  more  in- 
and  the  energies  of  mind.    What  a  gloomy   creased.     Why  would  a  literaiy  man  fieel 
and  horrible  picture  would  such  a  scene  pre-   unhappine'ss  had  he  no  access  to  books,  jour- 
sent  of  tiie  frame  of  tmiversal  nature,  and   nals,  and  the  periodicals  of  the  day,  nor  any 
what  a  veil  of  darkness  and  mystery  would  it   other  means  of  information  respecting  passing 
throw  over  the  perfections  of  the  Eternal !   events,  but  because  he  would  thus  be  confined 
for  it  is  the  scenes  connected  with  life,  anima-   to  his  present  range  of  view,  and  prevented 
tion,  mental  activity,  and  moral  sentiment,   fi^m  enlarging  it?     And  why  ahould  the  man 
glowing  affection,  social  intercourse,  and  the   who  devours  Uie  periodical  journal  to^lay  feel 
mutual  sympathies  of  intellectual  beings,  that   as  craving  desires  to-morrow  to  peruse  similar 
can  alone  inspire  the  soul  with  rapturous   records  of  intelligence,  to  mwk  the  progros* 
amotions,  throw  a  charm  over  any  part  of   of  passing  events,  but  fVom  the  same  vehement 
taxation,  and  exhibit  the  Almighty  Creator  as   desire    to    expand  his    present   intellectual 
amiable  and  adorable.    It  is  chiefly  from  the   views  1     Were  such  desires  to  remain  ungra- 
relation  in  which  the  material  world  stands   tified,  and  the  prospect  of  further  informatioQ 
to  sensitive  and  intellectual  existence  that  its   entirely  shut  up,  a  certain  degree  of  miserf 
beauty  and  order  arc  recognized  and  admired   would  necessarily  be  felt  by  every  rational 
by  contemplative  minds,  and  that  the  wisdom   mind.    In  another  world,  something  simiitr 
and  beneficence  of  the  Deity  are  traced  in  all   would  happen  in  the  oase  of  all  intellectual 
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iMbga,  wen  no  new  scenes  and  prospects  in  the  present  state.    Such  desires  after  pr*- 

ever  unfolded  to  view.  gressive  improvement  in  knowledge  and  hap- 

Divines  have  generally  admitted  that  the  piness  are  implanted  by  the  Creator,  and  form 
aternal  world,  in  tho  case  of  the  righteous,  an  essential  part  of  the  constitution  of  the 
will  be  a  state  of  perpetual  and  iminterrupted  human  soul,  and  therefore  can  never  be  eradi* 
enjoyment  Such  enjoyment,  however,  could  cated  so  long  as  it  is  sustained  in  existence, 
never  be  realized,  unl^  new  scenes  and  ob-  But  it  is  evident,  from  what  has  been  already 
jects,  worthy  of  the  admiration  of  exalted  in-  stated,  that  such  desires  could  never  be  grati- 
tclligcncea,  were  progressively  displayed.  But  fiod,  and  that  its  expectations  of  higher  de« 
tho  contemplation  of  rude  masses  of  matter,  grecs  of  intellectual  expansion  and  enjoyment 
hovrover  vast  in  point  of  size  and  extent,  and  would  be  frustrated,  were  the  scene  of  Oiani-  - 
however  magnificent  in  point  of  splendour,  potence  nothing  more  than  an  indefinite  ex- 
were  they  entirely  unconnected  with  mind  tension  of  matter  without  life  or  intelligence ; 
and  moral  action,  would  produce  no  high  do-  for  in  such  a  case  there  would  bo  little  scope 
gree  of  enjoyment  to  beings  possessed  of  for  the  exercise  and  expansion  of  its  powers 
capocions  powers  of  intellect;  for  in  such  ob-  throudbout  an  immortal  existence, 
jeets  they  could  trace  no  evidences  of  skill  or  3.  The  supposition  that  matter  throughout 
design,  nor  would  they  perceive  any  over-  Ihe  universe  is  not  connected  with  mind 
ilowings  of  Divine  goodness  to  inspire  them  would  present  a  distorted  view  of  the  charao- 
with  gratitude  and  praise.  We  are  warranted  ter  of  the  Almighty,  and  throw  a  veil  over 
from  Revelation  to  expect  that  in  the  future  the  most  glorious  perfections  of  his  nature, 
worid  the  knowledge  of  good  men  will  be  in-  It  would  irirtually  deprive  the  Creator  of  the 
definitely  increased,  in  respect  to  their  more  attribute  of  wisdom  /  since  no  display  of  it 
enlarged  conceptions  of  the  Bivine  Being,  and  would  be  perceived  in  the  noost  magnificent 
of  lufi  works  and  ways;  that,  among  other  works  of  his  hands.  It  would,  in  effect,  rob 
Mibjeets,  they  shall  become  more  acquainted  him  of  his  goodness  ;  since,  ttiroughout  the 
with  the  distant  regions  of  creation,  the  desti-  mightiest  and  most  extensive  portion  of  his 
nation  of  those  great  globes  which  we  now  works,  no  enjoyment  is  communicated  to 
behold  at  an  impassable  distance,  the  histoiy  beings  endowed  with  either  sensitive  or  ra^ 
oftheir  inhabitants,  the  various  stages  of  im-  tional  natures,  which  are  alone  capable  of 
piovement  through  which  tiiey  have  passed,  being  recipients  of  his  botmty ;  consequently, 
tkd  most  remarkable  events  which  have  hap-  no  tribute  of  gratitude  and  thanksgivbg 
pened  among  them  smce  theii  creation,  the  would  be  offered,  and  no  praises  or  adorations 
relations  which  the  difierent  worlds  bear  to  would  ascend  to  the  throne  of  the  **■  King 
each  other,  the  various  orders  of  intellectual  eternal,  immortal,  and  invisible,"  from  the 
beings  and  their  distinctive  characteristics  greatest  portion  of  his  boundless  dominions, 
and  endowments,  with  many  other  particulars  It  would  prevent  us  from  beholding  any  ex- 
which  would  afS>rd  an  ample  field  of  investi-  tensive  display  of  the  rectitude  of  his  charao- 
gation  and  contemplation  which  could  scarcely  ter  and  the  equity  of  his  government  in  the 
ever  be  exhausted,  and  a  source  of  progressive  moral  administration  of  the  universe.  Now, 
and  permanent  delight  But  all  such  pros-  wisdom,  goodness,  and  rectitude,  can  only  bo 
peds  of  knowledge  and  enjoyment  would  be  exercised  in  reference  to  intelligent  naturea, 
fer  ever  shut  out,  were  the  universe  a  colloo*  and  cannot  possibly  be  displayed  where  such 
tion  of  mere  matter  unconnected  with  mind  beings  have  no  existence, 
fir  intelligence,  and  the  distant  view  of  an  The  denial  therefore  of  the  position,  that 
inifflortal  existence  would  present  little  else  the  great  universe  is  peopled  with  iuhabitanU, 
than  a  scene  of  monotony  or  a  boundless  would  lead  us  to  contemplate  a  Being  who<«o 
blank.  power  has  brought  into  existence  a  magnifi- 

In  the  future  world,  although  the  circum-  cent  assemblage  of  means  without  an  end ; 

slioces  in  which  the  mind  will  exist  will  be  who  has  prepared  gloiious  habitations  fitted 

difierent  from  its  present  local  associations,  for  the  enj<^ment  of  rational  natures,  but  has 

yet  its  faculties,  desires,  and  affections,  will  never  peopled  them ;  who  is  the  alone  source 

not  be  essentially  changed.     It  will  continue  of  happiness,  and  yet  refuses  to  communicate 

the  tame  identical  being,  only  transported  to  of  his  goodness  where  there  is  full  scope  for 

uother  region,  and  connected  with  other  ob-  its  exercise ;  and  who  is  the  Supreme  Law- 

jerts  and  associations.    It  will  have  the  same  giver  and  the  spring  c  f  moral  order,  and  yet 

or  similar  aspirations  after  happiness,  the  same  alTords  no  display   of  his  moral   attributes 

desires  ailcr  new  objects  and  discoveries,  and  throughout  the  immensity  of  his  works :  for 

the  expansion  of  its  Intellectual  views,  and  this  earth,  and  all  the  beings  that  have  ever 

the  same  delight  in  beholding  one  scene  of  been  connected  with  it,  are  but  as  a  drop  to 

creating    grandeur  after  another  unfolding  the  ocean  compared  with  the  immensity  of 

iteelf  to  view,  as  it  feels,  in  a  certain  degree,  the  material  universe.    Can  it  therefore  be  a 
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theatre  of  sufficient  expansion  for  the  dijiplay  port  of  thia  doctrine.    These  airgtunents  simS 

of  the  character  and  attributes  of  that  being  considerations,  when  viewed  in  all  their  beai^ 

who  has  existed  £rom  eternily  past,  and  wiU  ings,  and  in  conneiion  with  the  wisdom  and 

exist  to  eternity  to  come,  and  whose  presence  goodness  of  the  Divine  Being,  might  be  coo- 

filis  the  amplitudes  of  boundless  space  1  sideied,  without  anj  iurther  discussicHis,  as 

If,  then,  such  absurd  consequences  neces-  quite  sufficient  to  substantiate  the  position. 

sarily  follow  from  maintaining  the  position,  Uiat  the  planets  and  saloUites  of  our  ^stem, 

that  there  is  no  plurality  of  worlds,  that  poau  as  well  as  other  departments  of  the  univene, 

t  ion  cannot  possibly  be  true.    It  undermines  are  the  abodes  of  sensitive  and  intelligent 

truths  of  the  first  importance,  which  lie  at  the  beings. 

foundation  of  all  consistent  views  of  the  cha-       In  the  preceding  pages  I  have  ofi^red  a 

racter  of  the  Deity,  and  which  are  acknow-  few  additional  considerations  bearing  on  the 
ledged  to  be  such  by  all  rational  theists  and .  same  point,  which  I  trust  will  tend  to  corro- 

Christian  divines.    And,  since  what  is  di-  borate  the  arguments  and  reasoning  formerly 

rectly  opposed  to  truth  must  be  error,  and  adduced.    I  have  shown  that  the  doctrine  of 

vice  versa,  it  follows  that  the  doctrine  we  are  a  plurality  of  worlds  is  more  worthy  of  the 

supporting  must  be  considered  as  susceptible  perfections  of  the  infinite  Creator,  and  gives 

of  moral  demonstration ;  for  it  may  be  laid  us  a  more  magnificent  idea  of  lus  character 

down  as  an  axiom,  that  it  is  essential  to  tiie  and  works,  than  to  suppose  his  benevolent 

character  of  Deity  that  he  act  consistently  in  regards  confined  to  our  comparatively  diminu- 

all  parts  of  his  dominions,  that  he  display  in  tivc  world ;  that  it  is  more  accordant  with  the 

every  instance  all  his  perfections  in  harmony,  infinity  and  eternity  of  the  Divine  Being,  and 

and  that  wherever  his  omnipotence  has  been  with  ms  wisdom  and  benevolence  than  the 

exerted,  there  likewise  he  must  display  his  opposite  position ;  that  wherever  any   wie 

wisdom,  benevc^nce,  and  rectitude.     What-  perfection  of  Deity  is  exerted,  there  also  all 

ever  opinion  therefore  directly  tends  to  under-  his  attributes  are  in  operation ;  and  conse* 

mine  or  oppose  such  views  of  the  Divine  quently,  wherever  Omnipotence  is  seen   to 

character  and  perfections  must  be  absolutely  operate,  there  likewise,  wisdom,  benevolence, 

untenable,  and  the  opposite  opinion  must  be  rectitude,  and  every  other  Divine  perfection, 

indisputably  true.  must  be  displayed,  and  can  only  be  displayed 

In  my  work  on  "  Celestial  Scenery"  I  en-  in  reference  to  intelligent  beings ;  that  there 

tered  on  the  consideration  of  several  arg^u-  is  an  absurdity  involved  in  the  contzaiy 

ments  which  tend  to  prove  the  doctrine  of  a  supposition ;    that    this    supposition    would 

plurality  of  worlds,  and  that  the  planets  of  represent  tiie  universe  as  an  immense  d^ait, 

the  solar  system  in  particular  are  the  abodes  unworthy  of  the  contemplation  of  intelligent 

of  intellectual  beings.     This  position  vna  minds ;  that  it  would  prevent  the  progressive 

illustrated  at  some  length  fi^>m  the  following  expansion  of  intellectual  views  in  a  future 

considerations :  that  there  are  bodies  in  the  state,  and  present  a  distorted  view  of  the 

planetary  system  of  such  magnitudes  as  to  character  and    attributes  of   the   Almighty 

afford  ample  scope  for  myriads  of  inhabitants;'  Creator.    All  these  arguments  and  considers- 

that  there  is  a  general  similarity  among  tions,  when  viewed  in  a  proper  light,  tend  to 

all  the  bodies  of  the  system,  which  affords  a  yield  a  mutual  support  to  each  other,  they 

presumptive  evidence  that  they  are  intended  hang  together  in  perfect  harmony,  and  they 

lo  subserve  the  same  ultimate  designs ;  that,  are  in  full  consistency  with  the  most  amiable 

connected  with  the  planets,  there  are  certain  and  sublime  conceptions  we  can  fonn  of  the 

special  arrangements  which  indicate   their  Divinity ;  and  therefore  ought  to  cany  irresait- 

aidaptation  to  the  enjoyment  of  sensitive  and  ible  conviction  to  the  mind  of  every  unbiassed 

intellectual  beings ;  that  the  scenery  of  the  and  intelligent  inquirer.     To  my  own  mind, 

heavens,  as  viewed  from,  the  surfaces  of  the  they  amount  to  a  tnoral  demonstration  ,•  so 

larger  planets  ana  their  sateuiteSj  forms  a  that  I  am  as  fiilly  convinced  of  the  truth  of 

presumptive  proof  of  the  same  position ;  and  the  position  we  have  been  maintaining,  as  if 

that  the  fact  that  every  part  of  nature  in  our  I  were  transported  to  the  regions  of  distant 

world  is  destined  to  the  support  of  animated  worlds,  and  permitted  to  mingle  in  i 

heingSy  affords  a  powerful  argument  in  sup-  with  their  inhabitants. 


CHAPTKR  XVII. 

A  Plurality  of  Worlds  proved  from  Divine  Revelation, 

It  is  somewhat  difficult  to  persuade  the   habitaUe  worlds  besides  our  ovm,   or  that 
greater  part  of  mankind  that  there  are  any    rational  beings,  somewhat  analogous  to  man, 
(650^ 
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amy  inhabit  the  planets  of  our  own  or  of  position,  in  a  few  instances,  is  the  object  of 

other  systems.     Even  the  greater   part  of  this  chapter ;  and  as  the  passages  of  Scripture 

Christians,  and  some  who  are  possessed  of  a  in   which   this  .sentiment  is  embodied    are 

eonsiderable    degree     of    intelligence,    can  more  numerous  than  is  generally  apprehended, 

Ksrcely  be  persuaded  that  there  are  more  I  shall  select  only  a  few  of  them  as  the  sub* 

trorlds  than  one,  or  that  the  Divine  govern-  ject  of  comment  and  illustration, 
ment  extends  beyond  the  Christian  church       The  first  passage  on  which  I  shall  offer  a 

and  the  nations  of  the  earth ;  and  thej  at-  few  remarks  is  Psalm  viii.  8,  4,  **  When  I 

tempt  to  vindicate  their  opinion  by  asserting,  consider  thy  heavens,  the  woik  of  thy  fingers, 

that'  the  Scriptures  never  make  the  least  al-  the  moon  ind  the  stars,  which  thou  hast  or- 

Insion  to  any  world  except  that  in  which  we  dained ;  what  is  man,  that  thou  art  mindful 

dweU.     Although  this  were  in  reality  the  of  him !  or  the  son  of  man,  that  thou  viaitest 

case,  it  would  lorm  no  argument  against  the  him  !'* 

doctrine  of  a  plurality  of  worlds ;  for  the  reve-  When  composing  this  hymn  of  praise  to 
lalions  contained  in  the  Scriptures  are  chiefly  God,  the  Psalmist  evidently  appears  to  have 
of  a  moral  nature,  their  great  object  being  to  been  contemplating,  with  intelligence  and 
coonleract  the  depravity  of  man,  and  to  afford  pious  emotion,  the  glories  of  the  nocturnal 
information  respecting  the  plans,  and  perfec-  sky — the  moon  walking  in  brightness  along 
tions,  and  moral  government  of  the  Divine  the  canopy  of  heaven,  and  the  stars  and 
Being,  which  the  unassisted  light  of  nature  planets  diffusing  their  lustre  from  more  dis- 
was  unable  to  explore.  They  were  not  iiv-  tant  regions.  Yievring  those  resplendent 
tended  to  teach  us  the  principles  of  physical  orbs,  his  thoughts  seem  to  have  taken  a  flight 
adence,  or  the  particular  knowledge  of  any  into  the  regions  of  immensity,  and  by  the 
other  subject  which  the  human  faculties  were  guidance  of  his  rational  powers,  and  aided  by 
of  themselves  adequate  to  acquire ;  but  to  di-  the  spirit  of  inspiration,  he  takes  an  expan- 
rect  us,  in  all  our  surveys  of  the  works  of  sive  view  of  the  multitude,  the  magnitude, 
God,  to  look  upward  to  him  as  the  Supreme  and  the  grandeur  of  those  magnificent  orbs 
Agent,  to  trace  his  attributes  in  all  his  opera-  which  roll  in  the  distant  tracks  of  creation, 
tions,  and  to  ofier  him  a  tribute  of  grateful  Overwhelmed  with  his  views  of  the  immensity 
adoration.  The  Scriptures,  (herefore,  would  of  the  universe,  and  of  the  perfections  and 
be  fully  sufficient  to  answer  all  the  purposes  grandeur  of  its  Creator,  he  breaks  out  into 
of  a  revelation  to  man,  although  tiiey  made  this  striking  exclamation,  **  Lord  !  what  is 
no  alhudon  to  other  worlds,  or  to  other  in-  man,  that  thou  art  mindful  of  him  I  or  the 
teiligences  within  the  range  of  the  Divine  son  of  man,  that  thou  visitest  him !"  Survey- 
government  ing  with  his  intellectual  eye  the  boundless 
Since  the  system  of  nature,  the  syatem  of  extent  of  God's  universal  empire,  he  shrinks, 
revelation,  and  the  rational  faculties  of  man,  as  it  were,  into  nothing,  and  seems  almost 
had  their  origin  from  the  same  Almighty  Be-  afraid  lest  he  should  be  forgotten  or  ove^ 
ing,  we  should  naturally  expect  that  they  looked  amidst  the  immensity  of  beings  ovei 
ahould  perfectly  harmonize  in  their  grand  which  the  Divine  government  extends.  Now 
Itoeajnents,  and  in  the  truths  they  are  cal-  there  could  be  no  emphasis  or  propriety  in 
ciliated  respectively  to  unfold;  or,  at  least,  this  exclamation,  if  the  inhabitants  of  this 
that  there  should  be  no  glaring  contradiction  globe  were  the  only  rational  beings  that 
between  the  intimations  given  by  the  one  and  peopled  the  material  universe ;  for,  if  man  is 
by  the  other.  If  the  investigations  of  reason  in  the  principal  inhabitant  of  creation,  it  could 
regard  to  the  material  universe  necessarily  be  no  matter  of  wonder  and  astonishment 
lead  to  the  ccmchision  that  numerous  worlds  that  God  should  be  "  mindful  of  him,*'  and 
exist  throughout  immensity,  and  if  the  Scrip-  exercise  towards  him  a  special  regard  and 
tures  contain  a  communication  firom  God,  we  superintending  care.  Such  a  minute  attention 
ahould  never  expect  to  find  in  that  revelation  and  affectionate  regard  is  noUiing  more  than 
any  proposition  asserting  that  there  is  only  what  we  should  have  naturally  expected, 
one  world  and  one  race  of  intelligent  beings  But,  if  the  immensity  of  space  be  diversified 
in  the  universe,  and  it  is  needless  to  say  that  with  ten  thousand  times  ten  thousand  worlds, 
no  8uch  proposition  is  to  be  found  in  the  replenished  with  rational  inhabitants,  as 
Bible.  On  the  contrary,  though  the  Scriptures  science  and  right  reason  demonstrate ;  if  the 
never  directly  or  explicitly  treat  of  this  suh-  race  of  Adam  appear  no  more  in  proportion 
ject,  the  doctrine  of  a  plurality  of  worlds  w  to  the  beings  Uiat  people  the  amplitudes  of 
embodied  in  many  poMoges  of  the  sacred  creation  than  as  a  drop  to  the  ocean,  thee 
voritings ;  and  the  language  of  the  inspired  the  Divine  condescension  appears  truly  won 
penman  is  in  all  cases  perfectly  consistent  derful  and  astonishing,  —  that,  finom  tlv 
with  the  idea  of  myriads  of  worlds  existing  heights  of  his  gloiy  in  the  heavens,  the  Moa 
throughout  the  umverse.    To  illustrate  this  High  should  look  down  with  an  eye  of  com 
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placency  on  tbe  puny  inhabitants  of  earth,  the  captivity  of  Babyl(m,  and  the  appniach  of 
and  regard  them  with  a  Father's  attention  that  period  when  '*  thii  gioiy  of  Jehorah  shall 
and  care.  This  is  evidently  the  leading  idea  be  revealed,  and  when  all  flesh  shall  see  it 
which  the  pious  exclamation  of  the  Psalmist  together.*' — ^In  order  to  obviate  every  difficulty 
is  intended  to  convey ;  and  therefore,  if  this  that  might  seem  to  stand  in  the  way  of  the 
globe  were  the  only  or  the  principal  abode  accomplishment  of  such  a  glorious  event,  the 
of  rational  beings,  such  language  would  be  prophet  describes,  in  the  most  sublime 
mere  hyperbole,  or  something  approaching  to  language,  the  perfectioDS  and  character  af 
bombast,  which  would  be  inconsistent  with  him  by  whose  agency  this  astonishing  change 
the  veracity  and  solemnity  of  an  inspired  in  the  world  was  to  be  introduced.  He  u 
writer.  declared  to  be  that  Almighty  Being  -'who 
It  appears,  then,  that  the  passage  under  measures  the  ocean  in  the  hoUowof  his  hand, 
consideration  is  not  only  consistent  with  the  who  meteth  out  the  heavens  with  the  span, 
doctrine  of  a  plurality  of  worlds,  but  neces-  who  oomprehendeth  the  dust  of  the  earth  in 
sarily  embodies  in  it  the  idea  of  the  Divine  a  measure,  and  weigheth  the  mountains  in 
empire  being  indefinitely  extended,  and  com-  scales,  and  the  hills  in  a  balance."  The  pro- 
prising  within  its  range  numerous  orders  of  phet  likewise  denounces  the  folly  and  wicked- 
exalted  inteOigences.  It  likewise  teaches  us,  ness  of  idolatry,  l^  exhibiting  the  character 
that  while  the  Almighty  has  diversified  the  and  operations  of  him  whom  no  material 
fields  of  immensity  with  innumerable  worlds ;  images,  however  splendid,  can  ever  represent 
that  while  he  sits  enthroned  on  the  magnifi-  or  adumbrate.  **  He  sitteth  on  the  circle  of 
cence  of  his  works  m  the  distant  regions  of  the  sky  which  surrounds  the  earth,  and  the 
his  creation,  and  governs  the  aflairs  of  un-  inhabitants  thereof  are  as  grasshoppers;  he 
numbered  orders  of  intellectual  existence,  ?ie  stretcheth  out  the  heavens  as  a  curtain ;  ho 
aluo  exercises  the  minutest  superintendence  bringeth  forth  their  host  by  number ;  he  calleth 
over  every  voorld  he  has  created^  however  di-  them  all  by  their  names,  by  the  greatness  of 
minutive  in  comparison  of  the  whole.  His  eye  his  might ;  for  that  he  is  strong  in  power,  and 
rests  on  the  humblest  and  the  minutest  of  its  there  is  no  searching  of  his  understanding." 
objects,  and  his  Spirit  watches  over  it  as  vigi-  Among  these  sublime  descripticms  are  coii- 
lantly  as  if  it  formed  the  sole  object  of  his  physi-  tained  the  passages  I  have  quoted, — **  Behold, 
cal  and  moral  administration ;  so  that  neither  the  nations  are  as  the  drop  of  a  bucket" 
ihan  nor  the  smallest  microscopic  animalcuhe  "All  nations  before  him  are  as  nothing,"  &c. 
are  overlooked  amidst  the  multifarious  objects  Such  declarations  coi:dd  scarcely  be  made 
of  the  Divine  government  This  is  an  attri-  with  propriety,  if  all  the  rolling  orbs  of  hea- 
bute  peculiar  to  the  Most  High,  which  flows  ven  were  destitute  of  inhabitants ;  for  then  it 
from  the  immensity  of  his  nature  and  the  would  not  be  true  that  "  all  nations  are  as 
boundless  knowledge  he  has  of  all  his  works,  the  small  dust  of  the  balance,"  and  that  they 
and  which  gives  us  a  more  glorious  and  sub-  are  **  counted  to  Jehovah  as  less  than  nothing 
lime  idea  of  his  character  than  if  his  regards  and  vanity."  They  who  deny  the  doctrine 
were  confined  to  one  department  of  his  em-  of  a  plurality  of  worlds  assume  the  positton, 
pire,  or  to  one  order  of  his  creatures ;  and  in  ^  that  man  holds  the  principal  station  in  the 
nothuig  is  the  Divine  Being  so  immensely  material  universe ;"  but  were  this  the  case, 
separated  from  man,  or  from  any  other  rank  then  the  nations  of  the  earth,  and  **  their 
of  intelligent  existence,  as  in  the  display  he  multitude  and  gloiy,"  behoved  to  be  con- 
gives  of  this  wonderful  and  incommunicable  sidered  as  the  greater  portion,  or  as  one  of 
attribute.  By  overlooking  this  peculiar  cha-  the  greater  departments  of  the  Divine  cm- 
racteristic  of  the  Divinity,  and  attempting  to  pire ;  and  if  so,  it  would  be  approaching  to 
compare  his  procedure  with  the  limited  con-  extravagance  and  bombast  for  any  one  to  de- 
ceptions of  our  own  minds,  we  are  apt  to  in-  clare  that  they  are  only  like  a  drop  campared 
dulge  in  very  contracted  and  erroneous  views  with  the  ocean,  like  a  few  particles  of  dust 
respecting  his  nature  and  universal  govern-  compared  with  a  mighty  island,  or,  in  com- 
ment, as  well  as  in  regard  to  the  revelations  parison  with  other  departments,  that  **  they 
of  his  word  and  the  dispensations  of  his  arc  as  nothing,  and  less  than  nothing  and 
providence.  vanity." 

The  next  passage  I  shall  notice  is  Isaiah  We  are  here  to  consider  the  comparisons 
xL  15,  17.  "Behold,  the  nations  are  as  a  and  contrasts  drawn  in  those  passages  as  vs> 
drop  of  a  bucket,  and  are  counted  as  the  ferring,  not  to  Jehovah,  abstractedly  con- 
small  dust  of  the  balance."  "All  nations  sidered,  but  to  the  manifeslatuftis  he  hat 
before  Him   are  as  nothing,  and  they  are  given  of  his  power,  vrisdom,  and  grandeur,  in 

counted  to  him  less  than  notliing  and  vanity."  the  scenes  of  the  universe.    Hence  we  an 

In  the  chapter  from  which  these  words  are  directed  in  the  chap'^r  from  which  our  quot» 

liken,  the  prophet  announces  deliverance  from  tions  are  taken,  to  "  lift  up  our  eyes  on  high,' 
(6d») 
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•nd  contemplate  <*  die  fiimament  of  his  we  cannot  bat  perceive  that  the  language  of 
power;"  to  "behold  the  hosts''  of  re-  the  prophet  is  the  meet  impreesiTe,  and  the 
pendent  globes  which  he  has  dispersed  fittest  that  could  have  been  selected ;  that  it  is 
throughout  the  regions  of  space  "  by  the  most  emphatic,  and  literally  true.  But  if  this 
reatness  of  his  strength/'  and  to  consider  earth  were  the  principal  part  of  God's  uni- 
diat  the  yast  extent  ci  the  celastial  spaces  verse,  there  could  be  ikt  propriety  in  sucb 
have  been  "  meted  out  with  a  span."  When  language,  and  it  could  be  considered  as  allie<f 
the  inspired  writers  demand  firom  their  hearers  only  to  extravagance  and  pompous  declama 
a  sentiment  of  reverence  and  admiration,  they  tion — a  characteristic  which  ought  never  ti 
do  not  present  to  them  metaphysical  reason-  be  applied  to  the  writers  of  the  sacred  records 
inga  or  abstract  views  in  reference  to  the  We  ought  likewise  to  consider  that  ths 
perfections  of  Jehovah,  but  describe  those  contrast  is  not  stated  between  the  earth  con- 
exhibitions  of  his  power  and  g^ndeur  which  sidered  merely  as  a  material  system^  and  the 
are  calculated  to  strike  the  senses  and  imagi-  amplitudes  of  the  firmament,  but  between  the 
nation,  and  to  excite  the  emotion  intended,  nations  of  the  earth  and  the  innumeraMe 
Thus,  when  the  prophet  Jeremiah  wished  to  order  of  beings  which  people  the  universt^ 
impress  his  hearers  with  a  reverential  sense  plainly  implying,  in  my  apprehension,  that 
of  the  greatness  of  God,  he  describes  him  by  unnumbered  myriads  of  intelligences  occupy 
the  effects  of  his  power  and  wisdom  as  dis-  the  celestial  worlds,  in  comparison  of  which 
played  in  his  operations.  <<  Who  would  not  all  who  now  dwell  upon  the  earth,  or  who 
fear  thee,  O  King  of  nations!  He  hath  made  have  occupied  its  suilaee  since  tiipe  began, 
flie  earth  by  his  power,  he  hath  established  are  only  as  a  drop  to  the  ocean.  The  passage 
the  worid  by  his  wisdom,  and  hath  stretched  before  us  may  therefore  be  considered  as 
oat  the  heavens  by  his  discretion.  When  he  almost  a  direct  intimation  of  a  plurality  of 
Qttereth  his  voice,  there  is  a  noise  of  waters  worlds ;  and,  if  it  could  be  proved  that  no 
in  the  heavens,  and  he  causeth  the  vapours  other  worlds  existed,  I  should  scarcely  consider 
to  ascend  from  the  ends  of  the  earth;  he  the  strong  language  here  used  as  the  dictate 
maketh  lightnings  with  rain,  and  bringeth  the  of  inspiration;  but  when  we  consider  what 
wind  out  of  his  treasures."  appear  to  be  the  true  references  of  the  pro- 
In  like  manner,  in  the  passages  under  con-  phet's  language,  and  the  magnificent  ideas  it 
nderation,  we  are  to  consider  the  contrast  suggests,  it  conveys  the  most  glorious  and 
here  stated  as  drawn,  not  between  all  nations  sublime  conceptions  of  the  grandeur  of  *<  the 
and  Jehovah  as  an  abstract  Being,  whose  high  and  lofty  One  who  inhabiteth  eternity," 
perfections  are  infinite ;  for  in  this  respect  no  and  whose  presence  fiUs  the  immensity  of 
comparison  can  be  made,  but  as  drawn  be-  creation. 

tween  tins  earth  with  all  its  inhabitants,  and       The  next  passage  I  shall  adduce  in  sup- 

th^  innumerable  globes  which  are  scattered  port  of  the  position  under  consideration,  is 

throughout  the  regions  of  immensity.    And  Kehemiah,  ix.  6 :  *<  Thou,  even  thou,  art 

the   most  enlightened  astronomer,  after  his  Lord  alone;  thou  hast  made  heaven,  the 

boldest  excursions  into  the  illimitable  tracks  hvatsx  of  hxayeks,  with  all  their  host,  the 

of  creation,  could  devise  no  language  to  ex-  earth,  and  all  things  Uiat  are  therein,  the  seas, 

press  his  emotions,  and  the  contrast  that  sub-  and  all  that  is  therein,  and  thou  preservest 

sista  between  this  globe  and  the  immensity  them  all ;  and  the  host  of  hxavek  worship- 

of  the  heavens,  more  appropriate  and  ener-  peth  thee." 

getic  than  the  pazisage  before  us.  This  world,       Here  the  Most  High  is  represented,  not  by 

with  **  all  that  it  inherits,"  is  here  represented  a  metaphysical  exhibition  of  his  infinity,  eter- 

as  a  single  drop  of  water  to  the  mighty  ocean,  nity,  and  osmipotence,  abstractedly  considered, 

or  as  a  few  particles  of  dust  to  the  most  spa-  but  by  the  manifestations  he  has  made  of 

cious  continents,  when  compared  vrith  the  himself  in  his  wonderful  operations,  both  in 

grandeur  and  immensity  of  nature ;  yea,  to  heaven  and  on  earth ;  and  this  is  the  general, 

complete  the  contrast,  it  ia  **  count»l  as  no-  I  may  say  uniVersaJ,  mode  in  which  the 

thing,  and  less  than  nothing  and  vanity."  sacred  writers  exhibit  the  character  and  per- 

When  we  survey  the  vast  globes  which  c8m-  fections  of  the  Deity.    **  Thou  hast  made 

pose  the  planetary  system  ;  when  we  wing  heaven,  the  heaven  of  heavens,  with  all  their 

our  6ight  in  imagination  to  the  starry  regions,  hosts."     By  **  heaven"  is  here  to  be  under- 

and  leave  the  sun  and  all  lus  attendants  be-  stood  the  visible  firmament,  with  all  the  stars 

hind  us,  till  they  dwindle  to  an  undistinguish-  and  planets  perceptible  by  the  human  eye, 

able  point ;  when  we  prosecute  our  course  which  is  the  sense  in  which  the  term  heaven 

through  thousands  of  nebulas,  every  one  of  is  generally  taken  when  God  is  represented 

them  containing  unnumbered  suns  and  sys-  as  its  Creator.    The  "  heaven  of  heavens"  is 

terns;  and  when  the  mind  is  bewildered  and  an  expression  which  is  worthy  t»f  particular 

overpowered  at  the  ioimensity  of  the  prospect,  attention,  and  evidently  includes  m  it  an  idea 
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fiur  more  extennre  and  sublime  than  what  that  their  numbeiB  correspond  with  the  ao^ 
most  readen  generally  attach  to  it.  It  evi-  plitude  of  the  vpgioiu  which  they  oecQpy ; 
dently  intimates  that,  fiir  beyond  the  visible  that  most,  if  not  all  of  them,  are  inyestod  wiA 
stany  heavens  which  we  behold,  there  are  the  attribute  of  moral  perfection,  and  are  con- 
unnambered  firmaments,  composed  of  other  sequently  in  a  state  of  happiness ;  that  they 
stars  and  systems  stretching  out  towards  in-  employ  th^ir  faculties  in  contemplating  the 
finity  on  either  hand,  and  which  mortals  in  perfections  and  operations  of  their  Creator; 
their  present  state  will  never  be  able  to  de-  and  that  they  magnify  and  adore  him  in  the 
scry.  We  have  already  attained  some  glimpses  loftiest  strains,  as  Uie  centre  and  source  of  all 
of  such  firmaments.  More  than  a  hundred  their  felicity :  all  which  appears  to  be  implied 
millions  of  stars,  in  addition  to  those  distin-  in  the  passage,  '<  the  host  of  heaven  worsbip- 
guishable  by  the  naked  eye,  are  within  the  peth  thee."  For  no  being  can  with  propriety 
reach  of  Uie  telescope,  if  all  the  regions  of  the  be  said  to  worship  Jehovah,  unless  such  as 
sky  were  by  this  instrument  thoroughly  ex-  are  endowed  with  moral  and  intellectual 
plored.  We  behold  several  hundreds,  and  powers,  capable  of  appreciating  his  perfections, 
even  thousands,-  of  nebuisB  in  dififerent  spaces  as  displayed  in  the  imlverse,  and  of  perceiving 
of  the  heavens,  each  of  them  consisting  of  that  he  is  worthy  of  all  homage  and  adoration, 
thousands  of  stars,  which  would  form  a  firma-  In  accordance  with  such  views  the  Psalmist, 
ment  as  glorious  and  expansive  as  that  which  when  his  soul  was  inspired  with  the  higher 
appears  to  a  common  observer  in  the  midnight  strains  of  devotion,  in  a  sublime  apostrophe, 
sky ;  so  that  were  we  removed  fit>m  one  of  calls  upon  the  whole  intelligent  universe  to 
those  nebule  to  another,  we  should  behold  at  adore  the  name  of  Jehovah: — ^Praise  ye 
every  stage  a  new  firmament,  composed  of  Jehovah  from  the  heavens ;  praise  him  ye 
stars  or  other  luminaries  altogether  different  heaven  of  heavens," — or,  ye  inhabitants  ot 
from  what  we  had  seen  before,  or  finom  what  those  higher  regions, — **  praise  him,  all  ye  his 
we  perceive  in  the  firmament  which  is  visible  angels ;  praise  him,  all  ye  bis  hosts.  Let 
firom  our  globe.  These  fiicts^  which  have  them  praise  the  name  ti  the  Lord,  for  his 
been  brought  to  tight  by  the  discoveries  of  name  alone  is  exalted,  and  his  gloiy  is  whtnt 
modem  astronomy,  while  they  display  the  in-  the  earth  and  heaven."  If  therefore  there 
finite  power  and  grandeur  of  the  Divinity,  were  no  other  worlds  than  that  on  which  we 
serve  Ukewise  to  illustrate  many  of  the  decla-  dwell,  such  magnificent  expressions  would 
rations  of  his  word,  and  particulaxy  such  ex-  lose  aJl  their  sublimity,  would  be  almost  with- 
pressions  as  that  before  us, — **  the  heaven  of  out  meaning,  and  might  be  regarded  rather  as 
heavens,"  the  boundless  empire  of  the  *^  King  the  turgid  exclamations  of  an  enthusiast  than 
eternal  and  invisible,"  in  which  he  reigns  as  the  sober  dictates  of  inspiration.  But  when 
over  unnumbered  inteUigenoes.  Tlie  same  we  take  into  view  the  immensity  of  the  uni- 
emphatical  expression  is  used  in  the  prayer  verse,  and  the  numerous  worlds  and  beings  it 
of  Solomon  at  the  dedication  of  the  temple :  contains,  such  expressions,  though  among  the 
"But  will  God  in  very  deed  dwell  on  earth  1  strongest  which  human  language  can  furnish. 
Behold,  the  heaven  and  heaven  of  heavens  fall  fiu*  short  of  communicating  the  lofty  ideas 
cannot  contain  thee !"  implying  that  fiir  be-  they  are  intended  to  represent, 
yond  the  range  of  the  material  universe,  vast  Such  passages  as  Ihe  foOowing  may  like- 
and  extensive  as  it  is,  the  great  Jehovah  re-  wise  be  considered  as  embodying  views  of  the 
sides  in  the  glory  of  his  invisible  attributes,  same  description : — Psalm  diL  19, — *<  The 
filling  immensity  with  bis  presence.  Lord  hath  prepared  his  theoits  in  the  hea- 

By  ^  the  host  of  heaven"  is  doubtless  to  be  vens ;  and  his  kingdom  ruleth  over  alL" 
understood  the  inhabitants  of  those  numerous  This,  along  with  a  number  of  similar  pas- 
worlds  and  vast  regions  here  designated  by  sages  interspersed  throughout  the  Scriptures, 
the  most  emphatic  expression  which  could  be  evidently  implies  that  the  heaveru  form  the 
selected,  ^*  the  heaven  of  heavens ;"  intimating  principal  part  of  the  Divine  empire,  compared 
that  the  same  Almighty  Being  who  launched  with  which,  this  earth  is  but  as  a  point,  and 
into  existence  those  innumerable  globes  also  **  all  its  inhabitants  reputed  as  nothing." 
replenished  them  with  countless  oiders  of  In-  They  are  represented  as  the  chief  and  appro- 
teiligent  existence,  capaUe  of  enjoying  his  priate  residence  of  Jehovah,  where  he  displays 
bounty,  and  offering  to  him  a  tribute  of  adora-  the  glory  of  his  perfections  to  unnumbered 
tion.  Hence  it  is  here  declared,  **  the  host  of  intelligences.  Hence  he  is  declared  to  have 
heaven  tvorshippeth  thee ;"  evidently  imply-  «  established  his  throne  in  the  heavens,**  in- 
tng,  if  there  is  any  rational  idea  to  be  elicited  timating,  that  it  is  in  those  higher  and  more 
from  the  passage,  that  the  bodies  which  com-  expansive  regions  that  the  principal  arrange- 
pose  **  the  heaven  of  heavens"  are  occupied  ments  of  his  govenunent  have  been  made, 
with  inhabitants ;  that  these  inhabitants  are  that  the  beneficence  and  rectitude  of  his  cha- 
endowed  with  capacious  powers  of  intellect;  racter  are  manifested,  and  th%t  the  grandeur 
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ofhiflinoialaclmiiiistnition  is  most  extensively  sitive  and  intellectual  beings.  Hence  it  is 
&played.  But  it  is  evident^  that  where  here  declared,  that  <«his  tender  merciesi"  or 
there  are  no  intellectual  beings,  there  can  be  the  emanations  of  his  goodness  and  benefi- 
no  moral  government ;  and  therefore,  if  the  cence,  <<  are  diffused  over  all  his  works  /" 
Almighty  has  a  government  in  the  heavens,  implying  that  throughout  the  whole  range  of 
these  heavens  must  be  peopled  with  beings  the  material  system,  however  fskv  it  may  ex- 
endowed  with  moral  and  intellectual  feculties,  tend,  the  beneficence  of  the  Deity  is  display- 
espuble  of  being  the  subjects  of  a  moral  ad-  ed  to  numerous  ranks  of  his  sensitive  and 
ministration.  To  suppose  a  government  intelligent  of&pring;  for  unless  such  beings 
without  subjects,  is  evidently  preposterous  exist  throughout  all  places  of  his  .vast  domi- 
and  absurd.  It  is  added,  '<  His  kingdom  nions,  there  could  be  no  scope  for  the  exer- 
ralcth  over  aU.**  Wherever  these  expansive  cise  of  his  benevolence,  and  of  course  it  could 
heavens  extend,  and  however  numerous  and  not  be  said,  with  propriety,  to  extend  ^  over 
•ngust  the  worlds  and  systems  which  lie  ail  his  works."  In  the  same  point  of  view 
within  their  range,  they  are  all  under  the  we  may  consider  an  analogous  expression  in 
sopcrintendenoe  and  sway  of  the  Divine  go-  Psalm  cviii.  and  other  places  of  Scripture,— 
vemment,  which  extends  its  care  and  moral  <*Thy  mercy  is  great  above  the  heavens;"  or, 
energies  over  the  remotest  regions  of  the  uni-  as  Mr.  Locke  translates  it,  **  Great  is  thy 
verse.  But  as  there  can  be  no  kingdom  with-  bottittt  abooe  the  heavens  t"  an  expression 
out  rational  and  moral  subjects,  therefore,  which  leads  us  to  conclude,  that  far  beyond 
wherever  the  kingdom  of  Jehovah  extends  these  visible  heavens  which  the  unassLsted 
duooghout  the  illimitable  spaces  of  immen-  eye  beholds,  and  even  beyond  the  reach  of 
sity,  there  must  be  myriads  of  beings  en-  all  the  orbs  which  the  tek^cope  has  enabled 
dowed  wiUi  rational  and  moral  natures.  Simi-  us  to  descry,  the  Divine  goodness  shines  in 
lar  remarks  mig^t  bo  made  upon  such  decla-  rich  manifestations,  diffusing  felicity  and 
rations  as  the  following:-^' The  Lord,  he  is  ecstatic  joy  among  unnumbered  legions  of 
God  in  the  heaven  above,"  intimating  his  happy  existence^  for  "  bounty,"  or  "good- 
rule  or  dominion  over  the  worlds  on  high :  ness,"  can  have  a  relation  only  to  such  beings. 
**  Behold  the  heaven  and  the  heaven  of  hea-  In  the  following  passage  of  Psalm  cxiv.  10 
voaa  is  the  Lord  thy  God's,"  intimating,  like-  — 13,  it  is  declared,  "All  thy  works  shall 
wise,  that  he  presides  in  high  authority  over  praise  thee,  O  Lord,  and  thy  saints  shall  bless 
all  the  beings  they  contain ;  **  Thine,  O  Lord,  thee.  They  shall  speak  of  the  glory  of  thy 
M  the  greatness,  and  the  glory,  and  the  ma-  kingdom,  and  talk  of  thy  power ;  to  make 
JMty ;  for  all  in  heaven  and  in  earth  is  thine,  known  to  the  sons  of  men  his  mighty  acts. 
Thine  is  the  kingdom,  O  Lord,  and  thou  art  and  the  glorious  majesty  of  his  kingdom.  Thy 
exalted  above  all ;"  <*  Heaven  is  my  throne  and  kingdom  is  an  everlasting  kingdom,"  &c. 
the  earth  is  my  footstool ;"  "  His  kingdom  is  This  passage  may  be  considered  as  embody* 
an  everhsting  kingdom;"  **His  dominion  is  ing  a  prediction  that  in  the  future  ages  of  the 
an  everlasting  dominion ;"  and  "  He  doth  ac-  church  men  of  piety  will  acquire  more  elevated 
conling  to  his  will  in  the  army  of  heaveUy  and  comprehensive  views  of  the  extent  and 
and  among  the  inhabitants  of  the  earth."  All  the  grandeur  of  the  universal  kingdom  of  Je- 
these,  and  similar  passages,  imply  rule  and  hovoli,  and  wUl  display  a  more  enlightened 
dominion  over  the  inhabitants  df  the  hea-  zeal  than  in  ages  past,  in  exhibiting  to  their 
veoi;  and  consequently  intimate  that  the  fellow-men  the  august  operations  of  Onmipo* 
celestial  worlds  are  occupied  by  the  subjects  tence,  and  the  magnificence  nf  that  empire 
of  the  divine  government  It  is  not  impro*  over  which  the  Most  High  presides.  "  They 
bable  that  the  expression  which  so  frequently  shall  speak  of  the  glory  of  Jehovah's  kingdom, 
«wirs  in  scripture,  *<  The  Lord  ofhosts^^  or  and  talk  of  his  power*'  If  this  kingdom  weie 
the  Lord  of  armies,  has  a  particular  reference  chiefly  confined  to  the  evanescent  speck  of 
to  the  universal  dominion  of  Jehovah  over  earth  on  which  we  live,  it  would  scarcely  be 
the  countless  myriads  which  people  the  dis-  worthy  of  the  epithets  which  are  here  be- 
tant  regions  of  creation.  stowed  upon  it.    It  is  a  kingdom  of  olort  * 

Paahn  cxIv.  9 :  *<  The  Lord  is  good  to  all ;  it  is  a  kingdom  in  which  are  displayed  mighty 

and  his  tender  mercies    are   over  all  his  acts  at  operations ;  it  is  a  kingdom  of  glorious 

^tforks"  majesty  ,•  it  is  a  kingdom  in  which  are  dis- 

The  goodness  of  God,  in    innumerable  played  « power,"  and    ^greatness  which  is 

modes  and  instances,  is  displayed,  not  only  ururoreAa^/e/"  it  is  a  *<kmgdom  of  all  ages," 

towards  man,  but  to  all  the  diversified  orders  and  its  administration  will  l>e  carried  forward 

of  animated  existence  in  this  lower  world,  throughout  all  the  revolutions  of  eternity — *'thy 

But  it  is  not  confined  to  this  terrestrial  sphere,  kingdom  is  an  eoeriicu/tn^kingdom."  Were  its 

^  is  difliused  wherever  his  wisdom  and  om-  government  conducted  chiefly  in  reference  to 

>9otence  have  prepared  habitations  for  sen-  earth  and  its  inhabitants^  sudi  descripti<msof 
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itflgmndein-eoald  scarcely  be  expected  from  in-  but  appears  to  me  to  embody  m  it  a  denMMi 
spiled  writera,  nor  would  such  a  limited  king-  stration  of  what  we  fbrmerlj  asserted  as  higfalj 
dom  corre^wnd  to  the  majesty  of  an  infinite  probable — ^namely,  that  that  portion  of .  tiw 
omnipotent,  and  eternal  Being,  who  has  the  universe  which  lies  within  the  range  of  tel^ 
range  of  immensity  as  the  theatre  of  hia  ope-  scopic  vision,  and  which  contains  so  many 
radons.  But  when  we  contemplate  the  uni-  millions  of  splendid  suns  and  systems,  is  bat 
versal  kingdom  of  Jehovah  extending  through-  a  small  part  of  the  universal  kingdom  of  Je- 
out  the  unlimited  regions  of  space;  when  we  hovahj  compared  with  what  lies  be>yond  the 
behold  it  filled  with  worlds  of  immense  mag-  utmost  boundaries  of  human  vision ;  for  he  is 
nitude,  and  with  systems  of  worMs  in  such  a  here  represented  as  humbling  himself  irfaen 
multitude  and  variety  that  no  man  can  num-  he  looks  down  from  the  remoter  glorien  of  his 
ber  them,  we  perceive  at  once  that  such  a  empire  on  all  that  is  visible  to  the  view  of 
kingdom  warrants  the  application  of  such  mortals.  To  the  same  purpose  is  the  pious 
lofty  epithets  and  expressions  as  are  here  exclamation  cf  the  Psalmist  in  (he  8th  Psslm : 
used ;  that  it  is  indeed  a  kingdom  displaying  **  O  Lord,  our  Lord,  how  excellent  is  thy  nanK 
omnipotent  « power,"  and  *( greatness  un-  in  ^\\  i\iB  e^xihl  who  htut  set  thy ghry  aboct 
searchable;"  that  it  is  connected  with  "  mighty  the  heavens  /**  And  if  the  glory  of  the  Bi- 
operations ;"  that  it  is  invested  with  "  glorious  vinity,  be  manifested  in  regions  &r  beyond  the 
majesty  ;**  and  that  it  is  worthy  of  everlasting  visible  firmament,  we  may  rest  assured  that 
duration.  But  as  the  idea  of  a  kingdom  ne-  it  consists  in  displaying  his  peifectiona,  and 
cessarily  includes  subjects,  and  as  the  multi-  communicating  happiness  to  innumerable  or- 
tilde  of  subjects  constitute  the  chief  glory  of  ders  of  rational  beings,  who  are  the  subjects 
an  empire,  so  we  must  necessarily  admit  that  of  his  moral  government 
all  the  provinces  of  this  celestial  kingdom  are  I  shall  only  further  offer  a  few  curaosy  re- 
replenished  with  inhabitants,  or  in  other  maiks  on  the  following  passages: — Psalm 
words,  subteets  of  tiie  Divine  government;  xix.  1,  <<Thc  heavens  declare  the  gioiyef 
without  wnich  it  could  have  no  "  glory"  nor  God,"  &c.  The  word  ^/ory  in  this  and  simi- 
**  majesty,"  nor  could  it  with  propriety  be  en-  lar  passages,  when  applied  to  the  Divinity  dfr- 
titled  to  the  designation  of  <*  a  kingdom."  notes  the  display  of  his  wisdom,  goodness, 

Such  passages  as  the  following  may  like-  omnipotence,    and    other    attributes.      The 

wise  be  considered  as  corroborating  the  pre-  heavens,  with  all  the  host  of  rolling  orbs  which 

ceding  positions :  Psalm  cxiiL  4 — 6,  **  Who  they  contain,  are  here  declared  to  manifest  the 

is  like  unto  the  Lord  our  God,  who  dwelleth  <*  glory,"  or  the  infinite  perfections,  of  Him 

on  high  1  The  Lord  is  high  above  all  nations,  who  formed  them.    The  number  and  magni- 

and  his  glory  above  the  heavens*    He  hum-  tude  of  the  opaque  and  luminous  globes  can* 

bleth  himself  to  behold  the  things  thai  are  in  tained  within  die  vast  expansion   of  these 

heaven  and  in  the  earth."     "Thy  goodness  heavens,  and  their  astonishingly  rapid  motions, 

is  great  above  the  heavens,  and   thy  truth  evidently  proclaim  his  omnipotence  /  bat  if 

reacheth  to  the  skies.    Thou  art  exalted,  O  those  bodies  accomplished  no  end  corre^Mind- 

God,  above  the  heavens^*  &c.  ing  to  the  extent  and  grandeur  of  the  means 

These  passages,  and  others  of  a  similar  im-  employed ;  if  they  were  all  so  many  expan- 
port,  embody  £e  general  idea  that  the  omni-  sive  desarts,  without  any  relation  to  intdlec* 
potence  and  grandeur  of  the  Divinity  are  dis-  tnal  existence,  they  could  afford  no  evidences 
played  in  regions  fiir  beyond  that  firmament  of  ifrisdom  and  beneficence,  and  consequently 
which  is  visible  from  our  globe  by  common  could  not  be  said,  vrith  any  show  of  reason, 
observers,  yea,  beyond  the  utmost  limits  to  to  "declare  the  glory  of  God."  In  the  visioas 
which  telescopic  discoveries  have  conducted  recorded  in  the  Bookof  Revelation,  the  cele»- 
us;  for  "his  glory  is  above,**  or  beyond,  tial  inhabitants  are  represented  as  falling  down 
"  these  heavens."  And  if  notiiing  but  empty  before  the  throne  of  tiie  Eternal  in  acta  of  ado- 
space  existed  beyond  these  limits,  or  mere  ration,  and  proclaiming,  "  Thou  art  worthy, 
matter  without  mind,  it  could  scarcely  be  said  O  Lord,  to  receive  glory,  and  honoar,  ami 
that  the  Divine  ghry  is  displayed  beyond  power;  for  thou  hast  created  all  things.** 
these  heavens.  It  is  further  stated  that  the  And  in  another  scene  they  are  introduced  as 
glory  of  the  Almighty  is  so  expansive,  and  celebrating  with  rapture  the  Divine  ope- 
tiiat  his  universal  kingdom  extends  through  rations:  "Great  and  marvellous  arc  thy 
regions  so  immeasurably  distant  that  he  may  works,  Lord  God  Almighty."  "  Blcsaini;,  and 
be  said,  speaking  afler  the  manner  of  men,  glory,  and  wisdom,  and  thanksgiving,  and 
"  to  humble  himself  when  he  beholds  the  ob-  honour,  and  power,  be  unto  our  God  for  ever 
jeds  in  the  heavens^*  which  lie  witliin  our  and  ever."  Similar  remarks  to  the  aliove 
observation.  This  declaration  contains  not  might  be  made  in  reference  to  these  aaciipitions 
only  a  sublime  representation  of  the  magnifi-  of  praise  and  adoration.  If  creation  weie  a 
eence  of  the  Divine  nature  and  operations,  kind  of  chaos,  or  wilderness  void  of  inhaliil^- 
(«6e) 
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nil,  BAd  if  wisdom,  design,  and  goodness  astronomical  discovery ;  for  we  an  told  that 

woe  not  displayed  in  the  Divine  arrangements,  ibe  Divine  perfections  are  displayed  **  above,'' 

Ifaere  would  be  little  to  excite  the  admiration  or  beyond,  the  utmost  range  of  <*  the  visible 

sod  devotional  rapture  of    superior  intelK-  heavens." 

gences;  and  they  could  not  be  said  vnth  pro-       Many  other  passages  besides  the  abow 
piiety  to   ascribe  wisdom,  and   glory,  and  might  have  been  pointed  out  as  bearing  on 
thanksgiving  to  God,  while  they  beheld  no  the  same  subject,  but  the  remarks  already 
di^Iay  of  some  of  these   attributes  in   the  made  on    the   passages  which    have  been 
mightiest  of  his  works.     But  we  are  told  in  selected  may  serve  as  a  key  to  Ulustrate  many 
^vious  passages  of  Scripture  that  the  Most  others,  as  they  happen  to  occur  to  the  intelU- 
High  "established  the  world,"  or  the   uni-  gent  student  of  the  Scriptures.    We  read, 
ftne,  «by  his  wisdom,  and  stretched  out  the  for  example,  of  the  Almighty  «  operating,  by 
heavens  by  his  understanding."    In  Psalm  his  moral  government  and   arrangements, 
czhii.  4,  it  is  declared-^'  He  telleih  the  nom-  **  among  the  army,'*  or  armies,  <*of  heaven," 
berof  the  stars;  he  calleth  them  all  by  their  as  well  as  ** among  the  inhabitants  of  the 
names."    It  is  evident  that  we  are  not  to  earth;"  and  that  the  whole  population  of  our 
consider  this  declaration  as  expressive  merely  world  (<is  reputed  as  nothing  in  his  sight." 
of  an  arithmetical  idea,  or  something  similar  We  find  in  different  portions  of  the  Psalms, 
to  ^practice  of  an  astronomer,  who  distin-  the  inhabitants  of  the  heavens,  and  "the 
giiidies  the  stars  by  certain  letters,  characters  heaven  of  heavens" — the  *<  angels  vi^o  excel 
or  qipellations ;  but  as  expressive  of  the  inti-  in  strength" — "  all  his  hosts,"  or  legions,  of  in- 
male  knowledge  which  the  Almighty  has  of  telligences,  "  in  all  places  of  his  dominions, 
all  those    mighty  orbs  wherever  dispersed  who  do  his  pleasure,  hearkening  to  the  voice 
thraoghont  the  regions  of  infinitude,  and  like-  of  his  word," — ^we  find  all  these  ranks  of  be- 
wiae  his  perfect  acquaintance  with  all  the  in-  ings  called  upon  to  join  in  one  united  chorus 
tellectnal  beings,  and  the  special  arrangements  of  praise  and  thanksgiving  to  **  Him  whose 
OQonected  with  every  one  of  them— a  ciicum-  name  alone  is  exalted,  and  whose  glory  is 
■tince  which  conveys  a  most  sublime  idea  of  above  the  earth  and  heaven."     We  read  in 
the  omniscience  and  omnipresence   of  the  the  Book  of  Job,  among  many  other  descrip- 
Beity.    Hence,  in  the  words  immediately  tions  of  the  grandeur  of  the  Deity,  that  "  by 
following,  the  mind  of  the  Psalmist,  overpow-  his  Spirit  he  garnished  the  heavens ;"  and 
oed  with  this  idea,  bursts  forth  in  this  excla-  that  the  astonishing  displays  of  his  omnipo- 
nation,  **  great  is  our  Jehovah,  a^d  of  great  tenoe  they  contain    **  are   but  parts  of  his 
power ;  his  understanding  is  infinite."  "ways,"  and  that  **  the  thunder  of  his  power 
In  the  epistle  to  the  Hebrews,  chapter  i.  2,  none  can  understand."    All  of  which  repre- 
and  xi  8,  a  plurality  of  worlds  is  declared:  sentations,  and  many  others,  may  be  consi- 
^Hirough  faith  we  understand  that /Ac  t0oriU!9  dered  as  embodying  the  idea,  not  only  of  a 
were  fiamed  by  th&word  of  God,  and  that  the  plurality,  but  of  myriads  of  worlds  existing  in 
diings  which  are  seen  were  not  made  of  the  universe. 

throgs  that  do  appear."    The  Greek  word.       There  is  one  general  remark  which  may 

sMr  in  this  passage,  is  sometimes  used  to  de-  be  applied  to  all  that  we  have  stated  in  this 

note  an  age  or  dispensation,  but  is  also  fie-  chapter,  and  that  is — //  is  not  necessary  to 

quently  used  to  designate  the  material  world ;  suppose  that  the  inspired  writers  had  re- 

in  which  sense  it  must  be  taken  in  the  pas-  vealed  to  them  all  the  wonders  of  modem 

nge  before  us,  as  is  evident  from  its  con-  astronomy.  They  appear,  in  some  instances, 

nexion,  and  from  the  subject  on  which  the  to  have  been  ignorant  of  the  precise  meaning 

apostle  is  treating.    It  is  to  the  visible  or  ma-  and  the  extensive  references  of  the  language 

terial  world  that  our  attention  is  here  directed  they  used.    The  prophets  are  said  to  have 

as  having  been  produced  from  an  invisible  **  inquired  and  searched  diligently  what  man- 

canse.    The  term  cuawa;  being  used  in  the  ner  of  time  the  spirit  of  Christ  which  was  in 

pinral  number,  evidently  intimates  that  there  them  did  signify,  when  it  testified  beforehand 

are  more  worlds  than  one,  and  that  there  may  the  suficrings  of  Christ  and  the  glory  that 

be  thousands  or  millions ;  but,  independently  should  follow ;"  intimating   that  ^ey  were 

of  this  direct  intimation  of  a  plmaliQr  of  worlds,  partly  unacquainted  with  the  precise  refer- 

the  passages  formerly  quoted,  when  viewed  ences  of  the  predictions  they  uttered.    They 

in  a  proper  light,  and  considered  in  all  their  were  only  the  amanuenses  of  the  Divine 

relinrenoes  and  bearings  may  be  considered  as  Spirit,  and  were  directed  to  such  language  as 

eondttsive  proofii  of  the  same  position,  and  as  was  accordant  with  the  Divine  economy  and 

intimating  to  us,  not  simply  a  plurality  of  with  the  fiicta  existing  in  the  universe,  al- 

worids,  but  extending  our  views  of  their  num*  though  they  themselves  might  not  be  awaie 

ber  and  magnificence  as  &r  as  science  has  yet  of  the  grandeur  of  those  objects  to  which  their 

eonducted  us,  and  even  beyond  the  range  of  expressions  referred ;  and  the  correspondeiioa 
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of  thdr  Unguage  with  the  phenomena  of  tiie  modem  tunes,  conetitatet  oneendeiiM  tnovi 
liMTens  and  tbe  earth,  and  the  dieoOTeries  of  othen  of  the  trath  of  DiTine  lerehtkm 
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CHAPTER  XVHL 
On  the  Pkysieal  and  Moral  SUUe  ofiheBeing$  thai  may  inhabit  other  Worldt. 

Oir  the  enunciation  of  this  topic,  aome  ingafonned  with  oiganical  parts  and  fhnction^ 

readers  will,  probably,  be  apt  to  surmise,  that  capable  of  being  the  recipients  of  iiDpresBioDi 

tiie  author  is  attempting  to  go  beyond  the  from  them.    All  such  beings,  therefore,  miut 

range  of  subjects  within  which  the  human  be  considered  as  furnished  with  bodies  coo- 

understanding  should  be  confined.    We  have  structcd  with  oiganical  parts  anaJogotu  to 

never  seen  the  inhabitants  of  other  worlds ;  what  we  find  in  man  or  other  animated  be- 

we  have  been  favoured  with  no  tpeeial  reve-  ings  on  our  globe ;  but  the  size  and  fom  of 

lations  respecting  them;  we  have  not  even  such  bodies,  the  parts  of  which  they  sie  com- 

caught  a  glimpse  of  the  peculiar  scenery  of  posed,  the  functions  they  respectively  perfons, 

the  globes  in  which  they  reside,  excepting  a  their  symmetry  and  deeoration,  and  their 

few  portions  of  their  celestial  phenooiena ;  powers  of  locomotion,  may  be  veiy  difieraot 

and  while  we  are  chained  down  by  the  law  from  those  which  obtain  in  our  sublonuy 

of  gravitation  to  this  sublunary  sphere;  we  woiid ;  and  it  is  not  unlikely,  fiom  a  con- 

cannot  fiy  on  the  wings  of  a  seraph  to  visit  sideration  of  the  variety  which  exists  ia  the 

any  of  the  distant  orbs  of  the  firmament    It  universe,  that  there  is  a  certain  difibienoe,  in 

is  true,  that  on  such  a  subject  we  cannot  these  and  other  respects,  in  eveiy  planet  iitd 

attempt  to  descend  into  particulars.      But  world  that  exists  throughout  immensity, 

there  are  certain  general  and*  admitted  prin-  S.  The  principal  inhalntants  of  the  plan^ 

ciples  on  which  we  may  reason,  and  there  and  other  worlds  are  not  merely  senative 

are  certain  phenomena  and  indications  of  de-  beings,  but  are  likewise  endowed  with  m- 

sign  exhibited  in  the  structure  of  the  universe  telkctual  faeuUies.    This  may  be  infened 

firom  which  certain  general  conclusions  may  from  the  scenety  connected  with  their  habits* 

be  deduced ;   beyond  such  generalities  I  do  tions.    Connected  with  the  planet  Jupiter, 

not  intend  to  proceed,  nor  to  indulge  in  vague  we  behold  four  splendid  nwons,  Isiiger  thia 

conjecture.    There  are  many  things  of  which  ours,  performing  their  revolutions  arouiui  it 

we  have  acquired  a  certain  degree  of  know-  in  regular  perwda  of  time,  without  the  Icait 

ledge,  and  yet  have  never  seen.    We  do  not  deviation  from  their  courses.    The  general 

see  the  air  we  breathe,  nor  most  of  the  gaseous  aspect  of  these  moons,  their  diversified  pbaics 

fluids ;  we  do  not  see  the  principle  of  life,  or  and  rapid  changes,  along  with  their  frequent 

the  rational  spirit  which  animates  our  bodies ;  eclipses,  must  produce  a  sublime  and  vaiie* 

we  cannot  possibly  see  the  Divine  Being,  al-  gated  appearance  in  the  nocturnal  sky  of  that 

though  his  presence  pervades  all  space.   But,  planet;  while,  from  the  surface  of  the  inooof 

in  regard  to  all  these  objects,  we  have  ac-  themselves,  the  still  more  splendid  appeannce 

quired  a  certain  degree  of  information;  and  of  Jupiter  and  the  phases  of  the  other  moou 

tiierefore,  although  we  have  never  seen  any  will  present  a  nocturnal  scene  of  peculisr 

of  the  inhabitants  of  other  planets,  and  never  sublimity  and  magnificence.   Connected  with 

will  so  long  as  we  vremain  in  our  presept  the  planet  Saturn,  we  find  scenes  still  more 

abode,  yet  we  may  form  some  general  con-  august  and  diversified ;  besides  seven  Uigo 

ceptions  respecting  them,  both  as  to  their  moons,  two  resplendent  rings  of  vast  eitent 

physical  and  moral  state.    All  that  I  propose  surround  the  body  of  this  planet,  prodacing 

on  this  point  may  be  comprehended  under  the  the  most  sublime  and  diversified  phenomeoa, 

following  general  remarks :  both  to  the  planet  itself  and  to  all  its  satellite^ 

1.  The  planets,  wherever  they  exist,  in  adorning  the  firmaments  of  those  bodies  with 

our  own  or  in  other  systems,  are  inhabited  by  a  splendour  and  magnificence  of  wbidi  we 

sentient  beingi.    The  formation  of  material  can  form  but  a  fiiint  conception.*  ..Were  wa 

fiibrics,  su^  as  all  the  planetary  bodies  are,  permitted  minutely  to  inspect  the  surfaces  of 

necessarily  indicate  that  beings  connected  these  planets,  we  should  doubtless  find  many 

with  material  vehicles  and  organs  of  sense-  beautifUl    arrangements  in  the  scenery  of 

tion  were  intended  to  inhabit  them.    The  nature  with  whidi  they  are  adorned,  probsUy 

arrangements  for  the  difiiision  of  light,  heat,  far  surpassing    in   picturesque  variety  and 

and  the  influence  of  the  power  of  attraction,  ^^ium 

J     -, .    .,           !7^  ^^j^«.»i„ -k«^  •  For  a  particular  description  of  tbe  «cen«nert 

and  other  matenal  agenaes,  evidently  show  ,,,y^^j  ^^^  ^^^  ^„j,,,  fa  referred  to  "Cetertlfc 

tiiat  such  agents  were  intended  to  act  on  be-  Bcenery,  cbap.  viiL 
r658) 
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gnodenr  what  appean  on  the  smface  of  our  all  the  planetary  bodies.  If  pure  intelligences, 
globe.    When  we  inspect  the  surface  of  the  disconnected  with  matter,  exist  in  the  uni- 
moon  through  a  good  telescope,  we  behold  a  verse,  they  must  be  conceived  to  have  a  more 
beantifal  diversity  of  extensive  plains,  of  lofty  expansive  range  than  the  limits  of  any  one 
BKXUitaiDSyineveiyvarietyof  size  and  form —  globe,  and  those  material    agencies  which 
of  ptvBs  and  valleys  surrounded  with  circul^  afifect  the  organs  of  sensitive  existence  cannot 
ramparts  of  hills--of  mountains  towering  far  be  supposed  to  operate  upon  them  •  and,  con- 
above,  and  vales  and  caverns  sinking  far  be-  sequently,  their  modes  of  perception  must  be 
low  the  general  level  of  the  lunar  surfiice,  altogether  different  from  those  of  organized 
with  many  other  varieties ;  and  we  have  only  intelligences.    We  may  therefore  with  cer* 
to  suppose  the  general  surface  of  that  orb  tauity  conclude  that  the  intelligent   beings 
adorned  with  vegetable  productions  somewhat  connected  with  the  planetaiy  worlds,  either 
analogous  to  thooe  of  our  globe,  in  order  to  of  our  own  or  of  other  systems,  are  f umished 
present  a  sense  of  picturesque  beauty  and  with  bodiest  or  corporeal  vehicles  of  some 
nngnifioence.  kind  or  other.    These  may  differ  in  size  and 
Now,it  appears  a  natural,  if  nota  n^cM^or^  form  indifferent  planets;  perhaps  their  size 
eondnaion,  that  such  grand  and  beautiful  may  depend  on  the  amplitude  of  space  which 
scenes  oould  only  be  intended  for  the  con-  the  different  planets  may  contain,     but  I 
templatiou  and  enjoyment  of  beings  endowed  cannot  acquiesce  in  a  supposition  lately  thrown 
with  rational  natures,  since  mere  sentient  be-  out  by  a  certain  reviewer,  **  that   in  some 
mgs,  such  as  the  lower  animals  in  our  world,  worlds  the  inhabitants  may  be  as  large  as 
ue  insensible  either  to  the  beauties  of  the  mountains,  and  in  others,  as  small  as  emmets.** 
^regetable  kingdom  or  the  glories  of  the  span-  In  the  one  case,  comparatively  few  inhabitants 
gled  firmament      If   our  globe  had   been  could  live  in  a  world  where  eveiy  one  was  a 
created  merely  for  ihe  support  of  such  beings,  walking  Mount  Blanc  or  Mount  Etna;  and 
it  ii  not  probable  that  it  would  have  been  it  would    be  contrary  to  all    the    known 
adorned  with  all  tiie  beautiful  arrangements  arrangements  of  the  Creator ;  who  appears  to 
which  now  exist,  and  the  splendid  and  di-  act  on  the  principle  of  compressing  into  a 
venified  soenes  with  which  it  is  furnished,  small  space  the  greatest  degree  of  sensitive 
The  lion,  the  tiger,  and  the  hyena  find  every  and  intellectual  enjoyment    Besides,  such  a 
aooommodation  they  desire  in  dens,  deserts,  huge  mass  of  matter  as  a  mountain  is  not 
thickets,  and  forests ;  and  they  appear  to  feel  only  unneoessaty,  but  in  all  probability  would 
no  peculiar  enjoyment  in  flowexy  fields,  ex-  be  highly  injurious  to  the  exercise  of  the  in- 
pansive  lakes,  beautiful   landscapes,  or  the  tellectual  faculties.    In  the  other  case,  were 
sablimities  of  a  starry  firmament    If,  then,  rational  beings  as  small  as  emmets,  they  could 
there  were  no  rational  intelligences  in  the  neither  contemplate  the  beauties  and  sub- 
phnetaiy  worids,  we  cannot  suppose  that  so  limiticto  of  the  scene  of  nature  around  them, 
DKny  grand  and  magnificent  arrangements  as  nor  the  glories  of  the  stany  firmament;  their 
we  find  existing  would  have  been  made ;  range  of  vision  could  extend  only  a  few  feet 
particularly,  we  cannot  suppose  that  the  mo-  or  yards  around  them,  and  they  never  could 
tioDs  of  the  planets  and  their  satellites  would  be  able  to  explore  the  nature,  extent,  and 
have  been  so  accurately  adjusted  as  to  per-  peculiarities  of  scenery  of  the  world  they 
fbnn  their  revolutions  with  so  much  precision  inhabited.      So  that    all  such  suppositions 
as  we  find  they  do.    The  regularity  and  pre-  are  evidently  extravagant  and  absurd,  being 
dsion  of  theso  motions  are  evidently  intended  directly  contrary  to  the  proportion  and  bar- 
to  serve  as  accurate  measures  of  time  or  dura-  mony  which  exist  in  the  universe,  and  which 
tioiv>-a  circumstance  which  must  always  be  characterize  all    the    arrangements    of  the 
a  matter  of  importance  to  rational  beings  Creator.    In  regard  to  the  powers  of  locomo- 
^Hierever  existing,  hut  which  seems  to  be  tion,  there  may  be  considerable  difierences  in 
scarcely  attended  to,  and  perhaps  not  in  the  different  worlds.    In  many  instances  there  is 
least  appreciated,  by  merely  sentient  beings,  reason  to  believe  their  inhabitants  are  enabled 
SQth  as  the  lower  orders  of  animated  nature  to  transport  themselves  fix>m  one  region  to 
which  exist  around  us.  another  with  a  velocity  fiir  surpassing  the 
Prom  what  has  been  now  stated,  we  may  locomotive  powers  of  man.    In  the  planet 
conclude  that  the  Inhabitants  of  the  planets  Venus  some  of  the  mountains  are  reckoned 
aie  not  purth/  tpiritual  beings;   for  pure  to  be  twenty-two  miles  in  perpendicular  clevap 
spizxts,  entirely  divested  of  material  vehicles,  tion,  from  the  top  of  which  eminences  the 
cauiot  be  supposed  to  have  a  permanent  con-  most  sublime  and  diversified  prospects  must 
Dexioo  with  any  material  world  or  system ;  be  enjoyed ;  and  in  order  that  its  inhabitants 
nor  could  they  bo  supposed  to  be  affected  by  may  be  enabled  to  ascend  with  ease  such 
sir,  light,  colours,  attraction,  or  other  material  Mty  elevations,  it  is  not  unreasonable  to  bo- 
wfawicPi,  which  operate  on  the  sur&ces  of  lieve  that  they  are  ondowad  with  powers  ci 
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motion  &r  saperior  to  thoae  of  the  inhabitants  can  see  only  a  few  indies  around  them  ;iHiils 

of  our  globe.  the  eyes  of  other  animals,  snch  as  the  eagk^ 

3.  Tlkd  inhabitants  of  the  planets  are  fiir-  are  so  constructed  that  they  can  penseire  their 

nished  with  organs  of  sensation,  particularly  prey  at  a  great  distance,  and  from  a  very  ele* 

with  the  organ  of  vision.  This  may  be  certain-  vated  position.    Some  animals  have  only  one 

ly  deduced  from  the  fact,  that  there  are  con-  or  two  visual  organs  or  eye-ballii,  as  nian> 

nected  with  the  planets  arrangements  for  the  birds,  and  quadrupeds;  others  have  eight,  as 

equable  distribution  of  light.    The  sun,  the  in  the  case  of  spiders :  and  others  have  aeve> 

source  of  illumination,  is  placed  in  the  centre  ral  hundreds,  and  even  thousands,  of  tran»> 

of  the  system  for  diffusing  light  in  certain  pro-  parent  globules,  each  of  which  is  capable  of 

portions  over  the  sur&ces  of  ail  the  planets,  forming  a  distinct  image  of  any  object,  as  is 

their  satellites,  and  their  rings.    Each  plane-  the  case  with  flies,  butterflies,  and  o&er  in- 

tary  body  revolves  round  its  axis,  in  order  that  sects.    All  these  diveneified  constroctiuns  of 

every  part  of  its  sur&ce  may  alternately  enjoy  the  organs  of  vision,  however,  perform  their 

the  benefit  of  the  solar  radiation.    Around  functions  according  to  the  same  invaiiahle 

the  larger  planets  are  moons  for  the  distribu-  laws  of  optics. 

tion  of  light  in  the  absence  of  the  sun ;  and  But  although  light  must  act  on  the  eyes 
one  of  them  is  invested  with  a  double  ring,  of  all  organized  beings  in  a  manner  somewhat 
whidi  reflects  the  solar  rays  during  the  night  similar,  or  at  least  analogous  to  what  it  does 
both  on  the  surfru^e  of  the  planet  itself  and  on  on  our  organs,  yet  there  may  be  certain  con- 
the  surfaces  of  its  moons.  This  diversified  figurations  of  the  organ  of  vision  by  whidi  a 
apparatus  for  the  diffusion  of  light  evidently  more  glorious  and  extensive  efibct  is  produced 
appears  to  be  an  arrangement  of  means  in  than  by  the  human  eye.  The  inhabitants  of 
order  to  the  accomplishment  of  an  important  some  other  worlds,  instead  of  being  confined 
end,'  for  it  would  be  a  reflection  on  the  cha-  in  their  range  of  vision  as  we  are,  may  be  able 
ractor  of  the  All-wise  Contriver  to  suppose  to  penetrate  through  space  to  an  indefinite 
that  means  have  been  arranged  where  no  ap-  extent,  and  to  perceive  with  distinctnesB  all 
propriato  end  is  intended  to  be  accomplished ;  the  prominent  objects  connected  with  neigb- 
but  aU  the  arrangements  for  the  regular  and  bouring  wt>rld8 ;  and  even  the  peculiarities  of 
equable  difiuaon  of  light  have  been  made  in  distant  sons  and  systems  may  be  within  the 
rain,  if  there  be  no  eyes  or  organs  of  vision  range  of  their  view.  The  difference  between 
on  which  light  may  act ;  for  mountains,  and  the  eye  of  an  insect,  which  sees  only  an  indi 
vales,  and  barren  desarts  do  not  require  ite  or  two  around  it,  and  the  eye  of  a  man,  which 
regular  influence.  That  there  are  beings  fur*  can  grasp  at  once  an  extensive  landsca^  is 
nisbed  with  visual  organs  throughout  all  the  perhaps  as  great  as  the  difference  between  the 
worlds  and  systems  of  matter  in  the  \miverse  vigour  and  extent  of  human  eyes  and  such 
appears  from  the  consideration,  that  not  only  organs  of  vision  as  I  have  now  supposed.  And 
in  our  own  system,  but  among  the  myriads  who  shall  set  boundaries  to  the  mechanisms 
of  fixed  stars  dispersed  throughout  immensity,  of  infinite  wisdom,  especially  when  we  con- 
provision  is  made  for  such  organs  in  the  ex-  sider  the  varieties  which  exist  in  our  terres- 
istenoe  of  light,  which  is  a  substance  that  ap-  trial  system  ?  It  is  not  beyond  the  limits  of 
pears  to  be  universally  diflfused  throughout  probability  that  an  inhabitant  of  Jupiter  may 
creation.  It  is  found  by  experiment,  that  the  be  able  to  perceive  and  to  trace  all  the  vaiie- 
light  which  radiates  from  the  most  distant  ty  of  sceneiy  connected  with  Satom,  and  its 
star  is  of  the  same  natore  as  that  which  ema^  rings  and  satellites,  and  to  distinguish  the 
nates  from  the  sun.  It  is  refiracted  and  re-  planets  that  revolve  around  other  sons,  as 
fleeted  by  the  same  laws,  and  consists  of  the  distinctly  as  we  perceive  with  a  telescope  the 
same  colours,  as  that  which  illuminates  the  satellites  with  which  that  planet  is  attended, 
bodies  which  compose  the  solar  system,  and  We  have  experimental  proof  that  the  invoi 
which  throws  a  lustre  on  the  objects  inune-  tions  of  art  can  extend  the  range  of  human 
■diately  around  us.  The  mediums  of  vision  vision.  The  rings  of  Saturn,  the  motions  of 
must  therefore  be  acted  upon  by  light,  in  the  its  satellites,  the  changes  which  happen  in  the 
most  distant  regions  of  creation,  in  nearly  the  belts  of  Jupiter— which  no  unassisted  eja 
same  manner  as  with  us,  although  there  may  could  ever  have  discerned^— and  millions  of 
be  numerous  varieties  and  modifications  of  stars  a  thcoisand  times  more  distant  than  the 
the  visual  organs,  so  as  to  render  vision  fiir  limits  of  natural  vision,  have  been  brought  to 
more  perfect  and  extensive  than  in  the  case  view  by  the  invention  of  the  telescope ;  which 
of  the  inhabitante  of  our  globe.  We  find  shows  that  the  extent  of  human  vision  is  soft- 
that  there  is  an  immense  variety  in  the  modes  ceptible  of  an  indefinite  increase.  And  if 
of  vision  among  the  lower  animals.  Some  of  man  can  thus  improve  his  natural  vision,  we 
the  smadler  insects  have  their  eyes  nearly  of  need  not  doubt  that  the  Deii^  has  infinite  lo- 
•  globular  form  and  very  small,  so  that  they  sources  at  his  command,  and  that  whan  b* 
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pfaipe,  he  can  constroctTimal  organs  of  such  tempkted,  moat  of  toe  jdeasnrea  peculiar  to 
vaat  and  extensire  powers  as  &r  surpass  the  an  intelligent  being  could  never  be  enjoyed, 
SmitB  of  our  comprehension;  and  it  is  not  im-  and  the  manifold  delights  which  flow  from 
/Robable,  from  the  variety  already  known  to  social  intercourse  and  the  contemplation  of 
exist,  that  such  organs  are  actually  to  be  diversified  scenes  and  objects  could  never  be 
fimnd  throughout  dblferent  regions  of  the  uni-  experienced.  The  supposition  of  an  incapa- 
verse.  Our  extent  of  vision  by  the  telescope  city  for  local  motion  is  therefore  inconsistent 
IB  found  to  depend  on  the  extent  of  area  con-  with  the  idea  of  a  rational  being,  and  ahnost 
tained  in  the  object-glass,  or  speculum  of  that  involves  an  absurdity.  We  findt  moreover, 
instrument,  which  enables  the  eye  to  take  in  that  in  many  of  the  planets,  particiilarly  in 
a  greater  portion  of  rays  from  distant  objects  Jupiter  and  Saturn,  there  is  tiiie  most  am- 
than  it  can  do  in  its  natural  states  and  there-  pie  space  provided  for  exercising  the  powers  of 
fixe,  if  onr  eyes  were  formed  with  pupils  of  locomotion;  these  two  planets  containing  more 
a  large  dimension,  and  with  a  corresponding  than  220  times  the  area  of  the  earth's  sur&ce, 
decree  of  nervous  sensibility  in  the  retina,  we  which  affords  a  vast  field  for  excursion,  and 
might  be  enabled  to  penetrate  into  space  to  for  observation  to  their  inhabitants.  These 
an  extent  of  which  we  have  no  conception,  locomotive  powers  may  be  very  difierent  from 
Such  modifications  of  vision^  and  thousands  those  of  man,  both  in  their  fieetness  and  in 
of  others,  are  obviously  witfam  the  power  of  their  mode  of  operatioiL  We  have  reason  to 
Him  who  at  first  organized  all  the  tribes  of  believe  that  in  many  instances  they  will  &r 
animated  existence.  exceed  ours  in  swiftness,  and  in  the  ease  with 

It  is  highly  probable  that  it  is  one  great  do-  which  they  may  be  performed ;  for  if  birds 
sign  of  the  Creator  to  exhibit  to  all  intelligent  and  flying  insects,  and  even  certain  quadra- 
beings  throughout  creation  a  visible  display  of  peds,  are  endowed  with  powers  of  motion  ftr 
his  glory  through  the  medium  of  their  visual  more  swift  and  energetic  than  those  of  man, 
organs ;  for  where  no  organs  of  vision  exist,  it  is  highly  probable  that  rational  and  social 
the  vronderful  apparatus  for  the  production  beings,  in  more  expansive  worlds  than  ours, 
and  distribution  of  light  so  conspicuous  are  capable  of  traversing  space  with  much 
throughout  the  universe,  exists  in. vain;  and  more  ease  and  agility  than  the  human  inha- 
tberefore,  if  it  be  allowed  to  reason  fivm  the  bitants  of  our  globe,  otherwise  they  could  not 
means  to  the  end,  or  from  the  cause  to  the  be  supposed  for  ages  to  accompHsh  a  survey 
eflect,  we  must  admit  that  the  universal  dif-  of  the  world  in  which  they  dwell,  or  to  be- 
fosion  of  light  through  infinite  space,  from  an  come  acquainted  with  its  leading,  features, 
infinite  variety  of  bodies,  must  be  intended  to  Whether  such  motions,  however,  are  per- 
ppoduoe  vision  through  the  medium  of  organs  formed  on  a  principle  analogous  to  that  on 
similar  or  analogous  to  ours ;  in  order  that  which  the  wings  of  birds  are  constructed,  or 
rational  beings  may  enjof  the  pleasures  arising  on  any  other  principle  to  us  unknown,  is  be- 
from  this  sense,  and  be  enabled  to  appreciate  yond  our  province  to  determine, 
the  wonders  of  the  universe,  and  the  perfeo-  5.  We  may  also  infer  that  the  inhabitants 
tions  of  its  Creator.  The  variety  of  means  of  other  worlds  are  furnished  with  a  sense 
and  contrivances  for  the  diffusion  of  Ught  corresponding  to  the  organ  of  hearing,  and  a 
throughout  creation  is  therefore  a  demonstra-  faculty  of  emitting  arttcukde  sounds.  With- 
tive  evidence  both  of  the  existence  of  intelli-  out  such  a  sense  and  faculty,  it  is  scarcely 
gent  beings  in  other  worlds,  and  that  they  possible  to  conceive  that  social  intercourse, 
ace  furnished  with  visual  organs  for  the  pur-  and  a  mutual  interchange  of  sentiment  and 
pose  of  contemplating  the  oljects  which  it  feeling  could  be  carried  on  to  any  extent,  or 
renders  visible.  with  any  great  degree  of  pleasure  or  improve* 

4.  The  inhabitants  of  other  worlds  are  in-  ment,  among  organized  beings.  Pure  spirito 
vested  with  locomotive  powers.  This  we  may  may  have  modes  of  intercourse  and  of  corn- 
infer  from  the  amplituae  of  spece  which  eveiy  municating  thought  peculiar  to  themselvei^ 
world  contains,  and  from  the  consideration  of  which  we  can  at  present  form  no  distinct 
that  they  are  social  beings,  and  hold  a  regular  conception ;  but  organized  intelligences  must 
intercourse  with  each  other.  We  must,  in-  necessarily  have  some  material  mediums,  or 
deed,  necessarily  suppose  that  there  are  no  faculties,  by  which  sentiments  and  emotions 
rational  beings  confined  to  one  spot  or  point  may  be  exftreseed  and  communicated.  Some 
of  space,  as  a  tree,  a  ahrab,  or  any  other  vege-  of  the  planets  are  found  to  be  environed  with 
table;  for  if  this  were  the  case,  there  could  be  atmospheres;  and  as  air  is  ine  medium  of 
no  improvement  either  in  knowledge  or  in  sound  in  our  terrestrial  region,  it  doubtless 
moral  action,  the  capacity  of  the  intellect  serves  a  similar  purpose  in  other  worlds ;  and 
could  never  be  expanded,  the  variety  of  beau-  consequently  we  may  conclude  that  the  ani- 
ses and  sublimities  which  distinguish  all  the  mated  beings  they  contain  are  furmshed  with 
works  of  God  could  never  be  properly  con-  organs  for  the  perception  of  sounds  in  all  their 
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modulationfl.  In  the  representations  given  a  retinne  of  moons,  and  by  Ifae  still 
in  the  sacred  records  of  the  eierdses  of  snpe-  effulgent  splendour  emitted  from  the 
rior  bemgs,  they  are  exhibited  as  uttering  ar-  rings,  eTety  object  will  appear  enliglrtened 
ticplate  sounds,  and  joining  in  the  harmonies  and  distinctly  visible,  a  diversity  of  colouxing 
of  music  When  a  multitude  of  angels  de-  will  be  exhibited  by  the  diversity  of  reflected 
soended  on  the  plains  of  Bethlehem  to  rays  proceeding  from  the  different  moons  and 
announce  the  birth  of  Messiah  to  the  shep-  rings,  and  the  shadows  of  objects  will  be  in- 
herds,  thoy  uttered  articulate  sounds,  and  creased  and  blended  together,  and  thrown  in 
joined  in  musical  strains  which  struck  the  different  directions,  according  to  the  number 
ears  of  the  shepherds,  and  conveyed  a  distinct  and  relative  positions  of  the  nocturnal  lumi- 
impression  of  the  meaning  of  the  sentiments  naries  which  may  happen  to  be  above  their 
communicated ;  which  circumstance  leads  us  horizon.  On  which  account,  I  should  be  dip- 
to  conclude,  that  superior  intelligences  in  posed  to  conclude  that  the  inhabitants  of  such 
other  regions  express  sentiments  and  emo-  planets  have  their  physical  constitutions  or- 
tions  in  a  manner  somewhat  similar  to  that  ganized  in  such  a  manner  by  Divine  Wisdom 
in  which  we  hold  intercourse  with  one  as  to  fit  them  for  perpetual  activity,  without  v 
another,  by  the  faculties  of  speech  and  standing  in  need  of  any  repose  similar  to  thai 
hearing.  of  sleep. 

6.  It  might,  perhaps,  be  inferred  from  the       The  above  cursory  remarks  respecting  the 
rotation  of  the  planets — ^which  produces  the   physical  state   of  the  planetary  inhabitants 
alternations  of  light  and  daricness — that  their  have  been  deduced  chiefly  from  the  aaoer-' 
inhabitants  are  subject  to  something  analo-  teined  drcumstances  and  phenomena  of  the 
gous  to  sleep,  or  stated  intervals  of  repose,   planets,  and  from  the  general  constitution  and 
This  may  probably  be  the  case  in  some  of  the   economy  of  the  universe.    Several  other  con- 
planets,  such  as  Mars  or  Mercury,  which  are   clarions  might  likewise  have  been  deduced, 
unaccompanied  with  satellites ;  but  we  know  but  I  do  not  Intend  to  enter  into  the  regions 
too  little  of  the  peculiar  circumstances  of   of  mere  conjecture.    As  rational  and  inlelli- 
other  worlds  to  warrant  us  to  speak  decisively  gent  beings,  the  inhabitants  of  other  'worlds 
on  this  point,  as  the  bodies  of  the  inhabitants   must  necessarily  be  considered  as  prosecuting 
of  other  planets  may  be  so  constructed  as  not   the  study  of  useful  science  in  reference  to  all 
to  stand  in  need  of  being  daily  invigorated  by   those  departments  of  natme  which  lie  open 
repose  as  the  bodies  of  men.    Besides,  the   to  their  inspection,  and  that  they  exercise 
celestial  scenery  of  some  of  the  planets  is  so  their  mental  feculties  in  such  pursuits  and 
grand,  diversified,  and  picturesque,  that  a  investigations.    If  this  be  admitted,  then  we 
coi^derable  part  of  their  studies  and  social    must  necessarily  conclude  that  they  use  all 
pleasures  may  be  prosecuted  and  enjoyed   the  requisite  means  for  the  investigation  of 
amidst  the  solemn  grandeur  and  beautifril   truth,  and  for  progreAing  in  knowledge.     If, 
diversity  of  their  nocturnal  scenes,  and  their  for  example,  they  engage  in  the   study  of 
contemplations  directed  to  the  interesting  ob-   astronomy  (as  we  have  reason  to  believe  the 
jects  then  presented  to  their  view.    TUs  is  inhabitants  of  all  worlds  do)  tiiey  must  make 
probably  the  case  in  the  regions  of  Jupiter   observations,  both   general   and  particular; 
and  Uranus, — ^particularly  in  Saturn,  where   and  in  order  to  do  so  unth  accuracy  and  pre- 
seven  moom  may  occasionally  be  beheld  in   dUdon,  instruments  of  various  descriptiona  are 
the  nocturnal  heavens,  all  exhibiting  difierent  requisite,  and  tiie  management  of  tfaeae  re- 
phases r-^*oime  of  them  changing  (heir  appa-   quires  the  use  ofhandSf  or  some  bodily  parts  . 
rent  phases,  magnitude,  and    motion   with   answering  a  similar  purpose ;  for  none  of  the 
great  rapidity ;  some  of  them  entering  into   lower  animals  on  our  globe  that  are  deficient 
an  eclipse ;   and  others  emerging  from  it ;   in  such  a  member  could  perform  the  o-pera- 
while  two  stupendous  rings  stretch  across  the   tions  of  art  which  man  car  perform  by  the 
concave  of  the  sky,  presenting  every  moment  use  of  his  hands.    If  a  hOrse  or  a  bear  were 
different  objects  on  their  surface  in  the  course   furnished  with  the  same  intellectual  fiicultiee 
of  their  rapid  diurnal  revolution.  Such  scenes   as  the  human  race,  and  still  retain  its  prceenl 
will,  perhaps,  be  more  interesting  to  the  in-   organization,  it  could  make  little  or  no  pro- 
habitants  of  this  planet  than  all  the  splendours  gress  either  in  science  or  art,  without  mem- 
of  their  noonday  ;*  for  all  the  objects  on  tiie   hers  corresponding  to  human  hands ;   and 
aurfece  of  this  planet,  and  likewise  those  on  therefore  we  may  confidentiy  conclude  that 
Jupiter  and  Uranus,  will  present  a  different  members  similar  or  analogous  to  these  are 
aspect  from  what  they  do  in  the  daytime,  commoti  to  us  and  to  the  planetary  inhabit- 
Being  illuminated  by  the  light  reflected  from  ants.    The  study  of  astronomy  likewise  sup- 
^  ^  poses  an  acquaintance  with  geometry^     The 

«:  r^:d«^Sr^X''%l«.i'l%l^l?;'«   ^^^  ^geomeUy  n.urt  be  «h.  «me^  ever, 
ckap.  vUL  region  of  the  Universe,  and  perhaps  of  eq[tt«l 
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tiS&ltf  to  the  inhabitantB  of  the  most  distant  tion,  or  obtain  a  full  discovery  of  all  the 

worlds  as  to  man  on  earth.    They  are  truths  glories  of  the  Divinity.    But  this  g^radual 

which  are  eternal  and  unchangeable,  and  progression    and  expansion    of  intellectual 

which  no  locality  or  circumstances  within  the  views  will  be  a  perennial  source  of  felicity  to 

limitsof  creation  can  possibly  alter  or  modify;  all  virtuous    intelligences.    Whereas,   were 

and  therefore  most  be  recognized,  in  a  gpreater  the  whole   of  their  knowledge  acquired  at 

or  less  degree,  by  eveiy  rational  being.    The  once,  or  after  a  short  period  of  duration. 

Creator  himself  has  laid  the  foundation  of  this  the  mind  would  flag,  mental  activity  would 

■denoe,  for  he  presents  us  in  his  works  with  cease,  the  prospect  of  future  knowledge  and 

geometrical  figures  of  various  descriptions,*-^  enjoyment  would  be  cut  off,  and  misery  to  a 

with  circles,  squares,  parallelograms,  hexagons  certain  extent  would  take  possession  of  the 

aod  polygons — ^with  ellipses,  spheres,  sphe*  soul. 

n>ids,  and  other  figures,  and  proposes  them.       In    fine,  although    thcise    are,  doubtless, 

as  it  were,  to  our  study  and  contemplation,  marked  difierences  between  the  planetary  in- 

With  geometry,  ori/AiTie/ic  and  other  sciences  habitants  and  the  inhabitants  of  our  globe, 

sie  intimately  connected,  so  that  the  study  of  and  although  the  natural  scenery  of  thosa 

the  one  supposes  that  of  the  other.     In  short,  worlds  may  be  considerably  different  from 

trath,  snd  every  branch  of  knowledge   by  ours,  yet  it  is  not  improbable,  were  we  trans- 

iriuch  the  mind  of  a  rational  being  can  b&  ported  to  those  abodes,  that  we  should  feel 

tdomed,  must  be  suhHantially  the  same  in  more  at  home  in  their  society  and  arrange 

eveiy  world  throughout  the  amplitudes  of  ments  than  we  are  now  apt  to  imagine,  pro- 

oeation.  vided  we  were  once  made  acquainted  with 

Some  persons,  however,  may  be  disposed  their  language,  or  mode  of  communicating 

to  object,  that  the  inhabitants  of  other  worlds  their  ideas.     For  there  are  certain  relations, 

may  see  all  truths  intuitively ^  and  that  they  sentiments,  dispositions,  and  virtues,  which 

BMj  have  no  need  to  use  any  means,  as  we  must  be  common  to  intellectual  and  moral 

ate  obliged  to  do,  to  acquire  and  to  make  pro-  beings,  where^-tfr  existing  throughout  the  ma- 

gresB  in  knowledge,  and  that  they  acquire  all  terial  universe.    In  respect  to  bodily  stature 

their  knowledge  at  once  without  any  exer-  and  appearance,  we  might  be  apt  to  suspect 

tioDs^— opinions  which  have  been  frequently  that  there  would  be  mai^y  stiiking  differences 

broached  by  divines,  in  reference  to  the  hap-  in  the  aspect  of  the  inhabitants  of  another 

piness  of  the  future  world.    But  there  ap-  planet,  and  that  strange  and  novel  forms  of 

pears  no  foundation  for  such  opinions.    We  corporeal  organization  would  every  where  be 

have  reason  to  believe  that  every  intellectual  presented  to  view ;  yet  it  is  just  as  probable 

being  throughout  creation  exerts  its  powers  that  in  such  a  world  we  should  contemplate 

for  the  acquisition  of  truth,  and  that  its  ad-  beings  not  much  unlike  ourselves,  and  ani- 

vuiccment  in  knowledge  is  progressive  s  for  mated  by  similar  or  analogous  views,  scnti- 

its  fiu;ulties  were  bestowed  for  the  very  pur-  ments,  and  feelings,  thou^  placed  in  dr* 

pose  that  they  might  be  exerted  on  all  the  cumstances  and  surround^  with  a  scenery 

difierent  objects  and  manifestations  of  the  very  different  from  those  of  our  sublunary 

Divinity  within  its  reach ;  and  if  all  know^  region. 

ledge  were  intuitive  and  required  no  exertion  Whether  we  may  ever  enjoy  an  intimate 
of  the  mental  fiiculW,  the  individual  would  correspondence  with  beings  belonging  to  other 
be  reduced  to  somethmg  like  a  mere  machine,  worlds,  is  a  question  which  will  frequently 
and  would  be  deprived  of  the  pleasures  which  obtrude  itself  on  a  contemplative  mind.  It  is 
arise  from  mental  research  and  investigation,  evident  that,  in  our  present  state,  all  direct 
There  must  likewise  be  9^  progress  in  know-  intercourse  with  other  worlds  is  impossible, 
ledge,  ahsiiig  from  the  consideration  of  the  The  law  of  gravitation,  which  unites  all  the 
immensity  of  the  Divine  Being,  and  of  hiei  worlds  in  the  universe  in  one  grand  system, 
works,  and  of  the  limited  nature  of  finite  in-  separates  man  from  his  kindred  spirits  in  other 
teiligcncea.  No  finite  being  can  ever  grasp  planets,  and  interposes  an  impassable  barrier 
the  incomprehensible  Divinity,  or  the  immen-  to  his  excursions  to  distant  regions,  and  to 
sity  and  variety  of  his  operations  throughout  his  correspondence  with  other  orders  of  intcl- 
boundless  space ;  but  it  may  always  be  ad-  lectual  beings.  But  in  the  present  state  he 
vaneing  to  a  more  comprehensive  view  of  the  is  only  in  the  infancy  of  his  being  /  he  is 
perfiDctions  and  the  empire  of  the  Eternal,  destined  to  a  future  and  eternal  state  of  exist- 
and  may  thus  go  on  from  one  degree  of  know-  ence,  where  the  range  of  his  faculties  and  his 
ledge  to  another,  gi;adually  approximating  cormexions  with  other  beings  will  be  indefi- 
towards  perfection  during  all  the  periods  of  nitely  expanded.  *<  A  wide  and  boundless 
an  immortal  existence,  but  will  never  reach  prospect  Ues  before  him,*'  and  during  the  re- 
is ;  and  its  happiness  is  connected  with  this  volutions  of  an  interminable  duration,  he  will, 
circomstance,  that  it  will  never  reach  perfoo-  doubtless,  be  brought  into  contact  and  oonea> 
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pondence  with  ntonerous  orders  of  kindred  inliuicy  of  beingf  to  Ibnn^a  Eabtratoni  far 

beings,  with  whom  he  may  be  permitted  to  thought,  or  to  affixrd  scope  for  the  exercise  of 

associate  on  tenns  of  equaUtj  and  of  endeaiv  the  moral  and  intellectud  powers,  or  materials 

ing  friendship.    All  the  virtuous  intelligenoes  on  which  these  powers  may  operate,  atvl  like> 

throughout  creation  may  be  considered   as  wise  for  exhibiting  a  ttnsibk  display  of  tiie 

members  of  <mo  great  fanUfyt  under  the  pe-  character  and  perfections  of  the   Almigfa^. 

culiar  care  and  protection  of  the  Unitbrsal  The  knowledge  which  may  thus  be  acquired 

Pabent  ;  and  it  is  not  improbable,  that  it  is  of  the  scenes  and  relations  of  the  uoiTeiae, 

one  grand  design  of  the  Deity  to  promote  a  and  the  attributes  and  moral  gOTemnient  of 

regular  and  progressive  intercourse  among  the  its  Omnipotent  Author,  in  the  coarse  of  iny- 

several  branches  of  his  intelligent  offspring,  riads  of  ages,  must  be  great  and   extensive 

though  at  distant  intervals  and  in  divers  man-  beyond  what  we  can  well  concei-ve.     This 

ners,  and  after  the  lapse  of  long  periods  of  knowledge  and  experience  of  physical  objects 

duration.  and  relations  may  prepare  the  rational  soul 

Such  an  intercourse  may  be  necessary,  in  for  entering  on  the  confines  of  a  higher  and 

order  to  the  full  expansion  of  the  moral  and  nobler  economy,  where  immaitrial  aceam 

intellectual  faculties,  and  to  the  acquisition  of  and  relations,  and  particularly  the  attiilmtes 

all  that  knowledge  which  relates  to  the  attri-  of  Divinity,  abstractly  considered,  may  Ibna 

butes  of  the  Divinity,  and  the  physical  and  the  chief  objects  of  research  and  contempla- 

moral  government  of  the  universe.    For  ttus  tion.     Under  such  a  state   of  economy,  we 

purpose  it  may  be  necessary  that  branches  of  may  conceive  that  intellectual  being«,  to  w^haft- 

the  universal  family  that  have  existed  in  di^  ever  portion  of  the  material  universe  ihey 

ferent  periods  of  duration,  and  in  regions  orig^ally  belonged,  may  hold  the  moat  inti- 

widely  separated  from  each  other,  should  be  mate  converse  with  one  another,  by  modes 

brought  into  mutual  association,  that  they  peculiar  to  that  economy,  and  which  are  be- 

may  communicate  to  each  other  the  results  yond  the  conceptions  of  the  inhabitants  of  the 

of  Uieir  knowledge  and  experience,  the  diver-  physical  universe ;  so  that  distance  in  p<Mnt 

sity  of  physical,  and  moral  circumstances  in  of  space  shall  form  no  insuperable  carrier  to 

which  they  have  been  placed,  and  the  differ-  the  mutual  communication  of  sentiments  and 

ent  arrangements  of  Gtod's  moral  government  emotions. 

to  which  they  have  been  respectively  sub-       On  grounds  similar  to  those  noTv  stated, 

jected.     Such  views    correspond  with    the  we  might  conceive  it  as  not  altogether  impco- 

representations  given  in  Scripture  in  reference  bable,  that  the  spiritual  principle  which  ani- 

to  the  heavenly  state.    The  spirits  of  <<  just  mates  the  lower  orders  of  animated  natme, 

men  made  perfect''  are  represented  as  joufiing  and  which  in  some  cases  bears  a  near  xesem- 

the  society  of  "  an  innumerable  company  of  blance  to  the  reason  of  man,  may  be  soscep- 

angels,"  which  are  only  another  order  of  ra-  tible  of  indefinite  expansion  and  improTenaent 

tional  beings ;  and  in  the  visions  of  celestial  by  being  connected  with  a  superior  oi^ganiza- 

bliss,  recorded  in  the  book  of  Revelation,  both  tion,  and  that  such  beings  may  ultimately 

men  and  the  angelic  hosts  are  exhibited  as  pass  through  various  gradalicms  of  rank  in 

forming  one  society,  and  joining  in  unison  in  the  physical  and  intellectual   economy,  till 

celebrating  the  perfections  of  Him  who  sitteth  they  arrive  at  a  station  superior  to  that  of  the 

on  the  throne  of  the  universe.  most    enlightened    an^    improved    human 

But  should  the  laws  of  the  physical  sys-  beings.    But  as  we  are  now  bordering  on 

tem,  and  the  immense  distances  which  inter-  the  regions  of  doubt  and  uncertainty,  sniBoe 

vene^tween  the  several  worlds,  prevent  such  it  to  say,  that  it  appears  highly  probable^ 

ajSsociations  as  I  have  now  supposed,  there  from  a  consideration  of  the  Divine  benevo- 

may  be  another  economy,  superior  to  the  phy-  lence,  of  the  relations  which  subsist  tfaroug^houl 

sical,  which  may  consist  with  the  most  exten-  the  physical  and  intelligent  system,  and  of 

sive  and  intimate  intercourse  of  all  rational  the  intimations  contain^  in  the  records  of 

and  virtuous  beings.    There  may  be  a  apirit*  revelation,  that  virtuous    and    holy  intelli- 

ual  economy  established  in  the  universe,  of  gences,  from  difrerent  regions  of  the  material 

which  the  physical  structure  of  creation  is  the  creation,  as  brethren  of  the  same  great  ftmily, 

basis  or  platform,  or  the  introductory  scene  in  shall,  at  one  period  or  another,  hold  the  most 

which  rational  beings  are  trained  and  pre-  intimate  converse  and  communion,  and  le- 

pared  for  being  members  of  the  higher  order  hearse  to  each  other  their  mutual  history  and 

of  this  celestial  or  intellectual  economy.    It  experience.    Such    uitercourse    w;nild    evi« 

appears  highly  ptobable  that  the  first  intro-  dently  enhance  that  folidty  which  it  is  tba 

duction  of  every  rational  creature  into  exist*  great  design  of  the  Creator  to  eoamnonicate, 

ence  is  on  the  scene  of  a  phynced  economy,  and  the  means  by  which  it  may  be  ^fected 

The  diversified  scenes  and  relations  of  the  are   obviously  within  the  Umito  of  Infinifia 

material  world  appear  to  be  necessary,  in  the  Winiom  and  Omnipotence. 
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On  ihe  Moral  State  of  the  JMuUntants  of  innocence  or  moral  rectitude,  withoat  any 

other  Worlds.  natural  bias  to  moral  eviL    To  suppose  the 

contraiy  would  be  to  admit  that  the  Divine 

The  moral  statb  of  intellectual  beings  in  Being,  who  is  pofleeBsed  of  perfect  holineas 

ether  worlds  is  a  subject  of  still  greater  inte-  and  rectitude,  iniuses  into  rational  beings  at 

vest  and  importanoe  than  their  physical  state  their  creation  a  principle  of  sin,  or  a  tendency 

•ad  constitution,  and  the  scenes  of  nature  to  moral  evil,  which  would  be  inconsistent 

with  which  they  are  surrounded ;  for  on  the  with  every  scriptural  view  we  can  take  of  the 

moral  temperament  of  such  beings,  and  the  character  of  God.    Such  beings,  thereforo,  so 

pasiions  and  afiections    they  display,  will  long  as  they  continue  in  their  primeval  recti- 

cfaiefly  depend  the  happiness  of  the  intelligent  tude,  are  in  a  state  of  happiness ;  and  every 
i^stem  throughout  every  region  of  the  imi- '  arrangement  of  the  Creator  in  relation  to 

verfie.    It  is  possible  to  suppose  a  region  of  them  must  be  conceived  as  having  a  direct 

creiition  furnished  with  every  diing  that  is  tendency  to  promote  their  sensitive  and  in- 

gnmd,  beautiful  and  magnificent,  anid  calcu-  tellectu&l  enjoyment    Moral  evil,  however^ 

kted  to  gratify  in  the  highest  degree  tho  has  been  introduced  into  the  universe,  and 

seases  and  imagination,  and  yet  the  abode  of  we  know  by  experience  many  of  its  malignant 

wretchedness  and  misery.     If  passions  and  and  miserable  effects.     For  any  thing  we 

di^NMitioiis  similar  to  those  which  actuate  the  know  to  the  contrary,  the  operation  of  this 

most  vicious  and  depraved  class  of  mankind  principle  may  be  felt  in  some  other  worlds 

were  universally  to  prevail  in  any  world,  besides  our  own,  though  We  have  reason  to 

however  beautiftil  and  sublime  its  physical  believe,  from  a  consideration  of  Divine  good- 

■nangementsy  true  happiness  would  be  ba-  ness,  that  its  effects  are  not  very  extensive, 

niihed  from  its  society,  and  misery,  in  all  its  Its  introduction  into  the  world  has  doubtless 

diveisified  ramifications,  would  be  found  per-  been  permitted  in  order  to  bring  about  a 

wading  its  abodes.    Even  the  tempers  and  greater  good  to  the  universe  at  large  than 

disposttioas  which  are  frequently  exhibited  in  could  have  been  accompUshed  without  it,  in 

polished  society,  and  by  some  men  who  call  order  to  exhibit  to  the  intelligent  system  a 

themselves  Ghrisdans    and    philosophers,—*  display  of  the  miserable  and  extensive  effects 

jealousy,  emulation,  envy,  pride,    revenge,  which  necessarily  flow  from  a  violation  of  the 

selfishness,  and  such  like, — were  they  to  reign  original  moral  laws  given  forth  by  the  Crei^ 

DacontroUed  in  any  region,  would  soon  trans-  tor,  and  to  demonstrate  the  indispensable 

form  intellectual  beings  into  an  assemblage  of  necessity  of  a  universal  a<&erence  to  these 

fiends,  and  banish  true  enjoyment  from  every  laws,  in  order  to  secure  the  harmony  and  the 

department  of  the  social  system.  happiness  of  the  intelligent  universe. 

If  these  sentiments  be  admitted,  it  will  fol-  In  conformity  to  the  axiom  stated  above, 
low,  that  were  we  permitted  to  range  through  we  must  necessarily  suppose  that  rational  be- 
any of  the  planetary  worlds,  the  pleasures  ings^  wherever  existing,  were  created  in  per* 
and  enjoyments  of  such  an  excursion  would  '  feet  moral  purity,  and  had  a  law  or  laws  im- 
diiefiy  depend  on  the  character  and  disposi-  pressed  upon  dieir  minds  congenial  to  the 
tions  of  those  who  acoompanied  us,  and  of  holiness  of  the  Almighty  Creator,  and  cal- 
the  mhabitanta  of  the  planet  through  which  culated  to  promote  the  moral  order  of  tiie 
we  roamed.  Were  we  to  be  treated  by  the  intelligent  system,  and  consequently  the 
inhabitants  of  another  world  in  the  same  way  happiness  of  every  individual  belonging  to  it 
as  Mr.  Park  vms  treated  by  the  Moors  when  Moral  order  consists  in  the  harmonious 
he  was  traversing  the  wilds  of  Afirica,  or  as  a  arrangement,  disposition,  and  conduct  o(  in- 
poor  wretched  foreigner  is  sometimes  treated  telligent  beings,  corresponding  to  the  relations 
in  our  own  country,  we  should  find  little  en-  in  which  they  stand  to  one  another  and  to 
joymeat  amidst  ail  the  beauties  and  novelties  their  Creator,  and  calculated  to  promote  their 
of  scenery  which  might  meet  our  eye  in  such  mutual  happiness.  Wherever  moral  order 
a  world,  for  Upon  the  afiections  and  conduct  prevails,  every  being  holds  its  proper  station 
of  intelligent  beings  towards  one  another  in  the  universe,  acts  according  to  the  nature 
must  depend  the  happiness  of  individuabs,  and  of  that  station,  uses  its  faculties  for  the  pur^ 
of  the  whole  social  system  throughout  every  pose  for  which  they  were  originally  intended, 
department  of  creation.  displays  dispositions  and  emotions  towards 
It  is  probable  that  the  greater  part  of  the  fellow-creatures  and  the  Creator  correspond- 
inhabitants  of  all  worlds  are  in  a  state  of  in-  ing  to  the  respeotive  relations  in  which  they 
nooenoe,  or,  in  other  words,  that  they  remain  stand,  and  endeavours  to  promote  enjoyment 
in  that  state  of  moral  rectitude  in  which  they  aiiK>ng  all   surrounding  beings.*     For  the 

were  created;  for  we  may  assume  it  as  an  ....                  «  '       .      ^ 

•vS^toi^   ♦!»«♦  ^-.^.r  *.*:/^»»i   k^;».v  «rk«»  «»*  ♦For a  particular  illastraUoB  of  moral  ordtr^ 

axiom  that  e'ery  raUonal  bemg,  when  first  ^^^  reader  i-  referred  to  "  The  Philosophy  of  Bs! 

usheied  into  existence,  is  placed  m  a  state  of  Ugion,"  Preliminarf  i>^finiU9n$t  sect.  i. 
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parpoM  of  iwcoring  moral  order,  oertun  Thtae  are  the  laws  by  whidi  not  oaJty  nun 
moral  laws  sniut  be  lopposed  to  be  promul-  on  earth,  but  all  "the  prindpalhiea  and 
gated  by  the  Creator,  or  at  leaat  written  upon  powers  of  heaven,^'  aie  governed  and  directedt 
the  hearts  of  all  rational  beinga,  as  principles  and  by  which  they  are  bound  to  regulate  all 
of  action,  to  regulato  all  the  movements  of  their  thonghts,  aficctions,  and  conduct.  The 
the  intelligent  system.  These  laws  must  be  tub'  lowest  orders  of  rational  existence  come  with- 
BtintieUly  the  same  as  to  their  general  bearings  in  the  range  oi  these  universal  laws,  and  tfaa 
th.  >ughoat  all  the  worlds  in  the  universe.  hi^est  orders  of  the  seraphim  are  not  be- 
But,  it  may  be  asked,  what  are  those  yond  their  control  As  the  law  of  gravitation 
general  laws  to  which  I  allude,  and  have  they  extends  its  influence  throughout  all  the 
ever  been  promulgated  to  man  upon  earth  t  planetary  worlds,  and  oven  to  the  remotest 
I  answer,  they  have  actually  been  revealed  to  stars,  uniting  the  whole  in  one  harmonious 
the  inhabitants  of  our  globe  by  the  highest  system,  so  the  law  of  universal  love  difiiiacs 
authority,  and  reason  can  demonstrate  their  its  influence  over  the  intelligent  universe, 
applicability  to  all  worlds.  They  are  these —  uniting  the  individuals  who  are  subject  to  iu 
"  Tuuu  Btti.LT  I.OTB  TBI  LoRD  THX  GoD  swsy  in  one  harmonious  and  happy  aaaocta- 
wiTH  ALL  TBT  m.MJkWt,  AVD  wiTB  ALL  TBT  tioo.  Honco  it  follows,  that  Were  we  com- 
XI9D,  Airo  WITB  ALL  TBT  STRXjroTB.  This  plctely  animated  by  this  noble  principle^  and 
is  the  first  and  great  commandment  And  were  we  permitted  to  visit  those  worldawhera 
the  second  is  like  unto  it:  Thou  sbalt  lovx  it  reigns  supreme,  and  to  mingle  with  their 
TBT  VEioBBODB  AS  TBTSBLF."  Thcso  Uws  inhabitants,  wc  shouki  be  recognized  as  friends 
are  not  to  be  considered  as  confined  merely  and  brethren,  and  participate  of  all  those 
to  the  regulation  of  the  affections  and  actions  pleasures  and  enjoyments  of  whic^  it  is  the 
of  human  beings,  but  to  every  individual  of  source.  The  full  recognition,  then,  of  the 
the  moral  system,  wherever  existing ;  for  we  laws  to  which  we  have  referred,  and  their 
cannot  for  a  moment  suppose  that  laws  di-  complete  and  uninterrupted  influence  over 
rectly  opposite  to  these  would  be  given  by  the  the  moral  powers,  may  be  considered  aa  quali- 
Creator  to  any  class  of  intelligences.  It  would  fying  the  individual  for  being  a  citiaen  of  the 
be  inconsistent  with  every  tlung  we  know  of  great  moral  universe,  and  for  associating  with 
the  character  of  the  Divinity  to  imagine  that  all  holy  beings  throughout  the  wide  empire 
he  would  promulgate  to  any  class  of  beings  of  omnipotence,  should  he  ever  be  permitted, 
such  laws  as  these : — *<  Thou  shalt  hate  thy  at  any  period  of  duration,  to  visit  otiier  worids. 
Creator,*'  and  "  thou  shalt  hate  all  thy  fellow-  and  mingle  with  other  orders  of  ratioDal  in- 
creatures."      And  if  such  an  idea  would  teUigencea.* 

evidently  involve  in  it  a  glaring  inconsistency  These  laws,  in  reference  to  the  inhabitants 

and  absurdity,  then  it  follows  that  the  very  of  our  world,  diverge  into  numerous  ramifica- 

opposite  of  such  injunctions  must  be  the  tions.    The  preoepte  of  the  moral  law,  or  die 

general  principles  which  govern  the  inhabit*  ten  commandmente,  are  so  many  branches  of 

ants  of  all  worlds  that  have  retained  their  moral  duty  flowing  from  these  first  principles ; 

allegiance  to  their  Creator. '  There  is  not  a  and  in  the  discourses  of  our  Saviour  and  tbe 

single  being  possessed  of  a  rational  nature,  practical  parts  of  the  apostolic  epistles  they 

either  in  the  planetary  system  to  which  we  diverge  into  still  more  specific  and  minute 

belong  or  to  any  other  system  throughout  the  ramificationa,  bearing  upon  all  the  diversified 

-sidereal  heavens,  but  is  under  indispensable  relations  of  life  and  the  various  circumstances 

obligations  to  regulate  its  conduct  by  the  two  connected  with  moral  conduct    But  aU  the 

general  laws  or  principles  to  which  we  have  particular  rules  and  precepto  alluded   to  are 

referred,  and  to  yield  a  complete  and  unre-  resolvable  into  the  general  principles  or  aflieo- 

servcd  obedience  to  all  that  is  included  in  tions  stated  above,  and  bar  the  same  rcla- 

SQch  requisitions.     Wherever  such  obedience  tions  to  each  other  as  the  trunk  of  a  tree  to 

is  complete,  order,  harmony,  and  happiness  its  branches,  or  as  a  fountem  to  the  diversified 

are  the  natural  and  necessary  results;  but  streams  which  it  sends  forth.  In  other  worlds 

could  we  suppose  these  laws  reversed,  and  relations  may  exist  difierent  from  those  which 

the  iuhabitants  of  any  worlds  to  act  on  prin-  are  found  in  human  society,  and  consequently 

ciplcs  directly  opposite,  a  scene  of  anarchy,  particular  preoepte  diiferent  from  ours  may 

confusion,  and  misery  would   ensue,  which  form  a  part  of  their  moral  code,  while  cextaia 

would  completely  disorganize  the  social  sys-  relations  which  obtain  among  us  may  have 

tern,  and  render  existence  a  curse  rather  than  no  place  among  other  oidere  of  beings,  and 

^ a  blessing;  and  in  worlds  where  those  laws  of  course,  the   precepts  which  particulaily 

are  partiaily  violated,  as  in  the  world  in  bear  upon  such  relations  will  be  in  their  ax^ 

whicn  we  dwell,  disorder  and  misery  will  be  ... 

tto  «»utt  in  proportion  to  the  fiequency  «k1  .,:  f^ieTrreCSfi'  ..'^."'ph^hrJ?! 

extent  of  their  violaUon.  liglon,"  particularly  ctop.  IL  sect.  vl. 
(666) 
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emnitanoef  tltogether  tmnecessaiy.    But  we  Eveiy  fact  will  be  fairly  and  tnil)  exhibited 

mtj  rest  assured  that  all  the  particular  pre*  without  deception  or  &e  least  tendency  to 

oepts,  applicable  to  whatever  circumstances  misrepresentation  or  exaggeration.     There 

tnd  reiations  may  exist  in  other  regions  of  will  be  the  most  complete  reliance  on  personal 

oestion,  will  be  founded  on  the  universal  evidence  in  regard  to  every  fiict  and  circum- 

principleB  to  which  we  have  adverted,  an(^^  stance  which  has  been  witnessed  by  any  in* 

oomi^tely  conformable  to  their  spurit,  and  to  dividuals ;  for  want  of  which  confidence  in 

the  benevolent  designs  they  are  intended  to  our  world,  tbe  rational  inquirer  has  been  per* 

acoxsplish.  plexed  by  the  jarring  statements  of  lying 

In  all  those  vrorlds  where  the  love  of  Qod  travellers  and  pretended  philosophers ;  erro- 

aiul  of  feilow4ntelIigences  reigns  supreme,  the  neous  theories  have  been  framed,  the  mists  of 

inhabitants  may  be  conceived  to  make  rapid  falsehood  have  intercepted  the  light  of  truth, 

improvements  in  knowledge ;  for  the  malig*  the  foundations  of  true  knowledge  under* 

nant  pnnciples  and  passions  which  prevail  mined,  and  science  arrested  in  its  progress 

unoni;  men   have,  in  numerous  instances,  towards  perfection.    AH  such  evils,  however, 

been  the  means  of  retarding  the  progress  of  will  be  unknown  in  worlds  where  the  inhabit- 

ueM  science  and  its  diffusion  throughout  ants  have  arrived  at  moral  perfection, 
ndety.  But  where  love  in  all  its  emanations       In  fine,  firom  what  has  been  now  stated, 

pervades  evMy  mind,  society  will  unite  and  we  may  conclude  that  the  spirit,  the  prm' 

faamiomze  in  the  prosecution  of  every  plan  ciple,  and  essence  of  our  holy  religion,  as 

fay  which  the  intellectual  faculty  may  be  delineateti  in  the  Scriptures,  must  be  common 

irradiated  and  happiness  diffused.     Besides,  to  all  tbe  inhabitants  of  the  universe  who 

in  sach  a  state  of  society,  truth  will  be  for  hare  retained  their  jHrimeval  rectitude  and 

ever  triumphant  and   fidsehood   unknown,  innocence. 


CHAPTER  XIX, 
jSt  Summttry  View  of  the  Univene* 

Haviito  in  the  preceding  pages  afiS)rded  a  It  would  be  requisite  that  more  than  nint 

few  sketches  in  lefercnoe  to  the  principal  hundred  thousand  htndsoapeSf  of  the  extent 

frets  connected  with  the  sidereal  heavens^  we  generally  behold  around  us,  should  be 

which  constitute  the  most  extensive  portion  made  to  pass  in  review  before,  and  a  sufficient 

of  creation  within  the  limits  of  our  know-  time  allowed  to  take  a  distinct  view  of  the 

ledge,  it  may  not  be  inexpedient  to  take  a  objects  of  which  they  are  composed,  ere  we 

sDinmaiyviewof  the  range  of  objects  to  which  could  form  an  adequate  conception  of  the 

oar  attention  has  been  directed,  in  order  to  magnitude  and  the  immense  variety  of  objects 

direct  our  occasional  reflections  on  this  sub-  on  the  whole  earth.     Were  only  twenty  mip 

iect,  and  tp  enable  us  to  form  an  approximate,  nutes  allotted  for  the  contemplation  of  every 

UKMigh  faint  and  limited,  idea  of  that  universe  landscape^  and  ten  hours  every  day,  it  would 

over  which  Onmipotence  presides,  and  of  the  require  ninety  years  of  constant  observation 

perfections  of  its  adorable  Author.  before  all  the  prominent  objects  on  the  surface 

We  can  obtain  an  approximate  idea  of  the  of  the  globe  could  thus  be  surveyed.     Were 

oniveree  only  by  commencing  a  train  of  it  possible  to  take  a  distinct  mental  survey  of 

thought  at  those  objects  with  which  we  are  such  a  number  of  landscapes,  we  might  ao 

more  immediately  conver^pant,  and  ascending  quire  a  tolerable  conception  of  the  amplitude 

gradually  to  objects  and  scenes  more  distant  of  our  globe,  and  it  would  serve  iCs  a  standard 

and  expansive.     We  are  partly  acquainted  of  comparison  for  other  globes  which  fu  ex- 

with  the  objects  which  constitute  the  hind*  eel  it  in  magnitude.    But  I  believe  very  few 

scape  around  us,  of  which  vre  form  a  pertj^^  persons  are  capable  of  forming,  cU  one  con* 

the  hills,  the  plidns,  the  lofty  mountains,  the  eeption,  a  full  and  comprehensive  idea  of  the 

forests,  ^e  rivers,  the  lakes,  and  the  portions  superficial  extent  of  the  world  i;i  which  we 

of  the  ocean  that  lie  immediately  adjacent  dwell,  whose  surface  contains  no  less  than 

But  all  the  range  of  objecti  we  can  behold  one  hundred  and  ninety-seven  millions  of 

m  an  ordinary  landscape  «fbrms  but  a  very  square  miles.    The  most  complete  conception 

small  and  inconsiderable  speck,  compared  with  we  can  form  must  indeed  fidl  very  &r  short 

the  whole  of  the  migh^  continents  and  islands,  of  the  reality. 

the  vast  ranges  of  lofty  mountains,  and  the  But  however  ample  and  correct  our  con- 
expansive  lakes,  seas,  and  oceans  which  con-  ceptions  might  be,  and  howerer  gmt  thU 
stitttte  the  sur&ce  of  the  terraqueous  globe,  earth  might  appear  in  the  Wsw  of  the  frail 
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beings  duit  inhabit  it,  ^e  kr  ow  that  it  is  only  the  Diinnity,  and  all  that  we  know  of  hit  dia- 
an  inconsiderable  bell,  when  compaKd  widi  racter  from  the  revelations  of  his  word.  If 
some  of  the  planetary  bodies  belonging  to  our  this  earth  would  have  been  **■  created  in  vain* 
own  system.  One  c^Uiesebodies  would  contain  had  it  not  been  inhabited,*  so  those  starr/ 
within  its  dimensions  nine  hundred  globes  as  orbs,  or,  in  other  words,  those  magnificent 
large  as  this  earth, — another,  fourteen  bun-  suns  would  likewise  have  been  created  b 
dred  of  similar  globes ;  and  were  five  hundred  vain,  if  retinues  of  worlds  and  myriads  of  intel- 
globes,  as  large  as  that  on  which  we  dwell,  ligent  beings  were  not  irradiated  and  cheered 
arranged  on  a  vast  plane,  the  outermost  ring  .by  their  benign  influence« 
of  the  planet  Saturn,  which  is  643,000  miles  These  thousand  stars,  then,  which  the  un- 
in  circumference,  would  inclose  them  slL  assisted  eye  can  perceive  in  the  canopy  of 
Such  are  the  vast  dimensions  of  some  of  those  heaven,  may  be  considered  as  ooimected  with 
bodies,  which  appear  only  like  lucid  specks  at  least  ^ffy  thousand  worlds  /  oompatcd 
on  the  concave  surface  of  our  sky.  This  with  the  amount  of  whose  population  sll  the 
earth,  however,  and  all  the  huge  planets,  satel-  inhabitants  of  our  globe  would  appear  only 
lites,  and  comets,  comprised  within  the  range  as  <<  the  smallest  dust  of  the  balance."  Hoe 
of  the  solar  system,  bear  a  very  small  propor-  the  imagination  might  expatiate  for  ages  of 
tion  to  that  splendid  luminaiy  which  enlightens  ages  in  surveying  this  portion  of  the  Creator's 
our  day.  The  suir  is  five  hundred  times  kingdom,  and  be  lost  in  contemplatioii  and 
larger  than  the  whole,  and  would  contain  wonder  at  the  vast  extent,  the  magnitude,  the 
within  its  vast  circumference  thirteen  bun-  magnificence,  and  the  immense  variety  of 
dred  thousand  globes  as  large  as  our  world,  scenes,  objects,  and  movements  which  would 
and  more  than  sixty  millions  of  globes  of  the  meet  th^  view  in  every  direction;  for  here  we 
size  of  the  moon.  To  contemplate  all  the  have  presented  to  the  mental  eye,  not  only 
variety  of  scenery  on  the  surface  of  this  lumi-  single  suns  and  single  systems,  sudi  as  thst 
naxy,  would  require  more  than  fifly-five  to  which  we  belong,  but  suns  revolving  around 
thousand  years,  although  a  landscape  of  five  suns,  and  systems  around  systems, — systems 
thousand  square  miles  in  extent  were  to  pass  not  only  double,  but  treble,  quadruple,  and 
before  our  eyes  every  hour.  Of  a  globe  of  multiple,  all  in  complicated  but  harmonioiis 
such  dimensions,  the  most  vigorous  imagine-  motion,  performing  motions  more  rajHd  than 
tion,  after  its  boldest  and  most  extensive  ex-  the  swiftest  planets  in  our  system,  thou^ 
cursions,  can  form  no  adequate  conception,  someof  them  move  a  hundred  Uiousand  miles 
It  appears  a  Idnd  of  universe  in  itself;  and  every  hour, — finishing  periods  of  revolution, 
ten  thousands  of  years  would  be  requisite  be-  some  in  30,  some  in  300,  and  some  in  1600 
fore  human  beings,  with  their  present  faculties,  years.  We  behold  suns  of  a  blue  or  green 
could  thoroughly  investigate  and  explore  its  lustre  revolving  around  suns  of  a  white  or  a 
vast  dimensions  and  its  hidden  wonders.  ruddy  colour,  and  both  of  them  illuminating 
But  great  as  the  sun  and  his  surrounding  vrith  contrasted  coloured  light  the  same  assem- 
planets  are,  they  dwindle  into  a  point  when  blage  of  worlds.  And  if  the  various  oiders 
we  wing  our  flight  towards  the  starry  firma^  of  mteltigences  connected  with  these  systems 
ment  Before  we  could  arrive  at  the  nearest  were  unveiled,  what  a  scene  of  grsndenr, 
object  in  this  firmament,  we  behoved  to  pass  magnificence,  variety,  diveruty  of  intellect, 
over  a  space  at  least  twenty  billions  of  miles  and  of  wonder  and  astonishment,  would  fawA 
in  extent,— -a  space  which  a  cannon  ball)  fly-  upon  the  view !  Here  we  might  be  apt  to 
ing  with  its  utmost  velocity,  would  not  pass  imagine  that  the  whole  glories  of  the  Creators 
over  in  less  than  four  millions  of  years.  Here  empire  have  been  disclosed,  and  that  we  had 
every  eye  in  a  clear  winter's  night  may  be-  now  a  prospect  of  universal  nature  in  all  its 
hold  about  a  thousand  shining  orbs,  most  of  extent  and  grandeur, 
them  emitting  their  splendours  from  spaces  But  although  we  should  havA  surveyed  the 
immeasurably  distant ;  and  bodies  at  such  whole  of  this  magnificent  scene,  we  diould 
distances  must  necessary  be  of  immense  mag-  still  find  ourselves  standing  only  on  the  out- 
nitude.  There  is  reason  to  believe  that  the  skirts,  or  the  extreme  verge  of  creattoo. 
least  twinkling  star  which  our  eyes  can  dis-  What  if  all  the  stars  which  the  nnassisted  eye 
cem  is  not  less  than  the  sun  in  magnitude  can  discern  be  only  a  few  scattered  orbs  on 
and  in  splendour,  and  that  many  of  them  are  the  outskirts  of  a  cluster  inunensely  more  un- 
even a  hundred  or  a  thousand  times  superior  merous  1  What  if  all  this  scene  of  grandeur 
in  magnitude  to  that  stupendous  luminary,  be  only  as  a  small  lucid  speck  compared  with 
But  bodies  of  such  amazing  size  and  splendour  the  whole  extent  of  the  firmament  ?  Then 
cannot  be  supposed  to  have  been  created  in  is  demonstrative  evidence  from  observatkio 
Vain,  or  merely  to  diffiise  a  useless  lustre  over  that  this  is  in  reaUty  the  case.  In  one  *iici0 
the  wilds  of  immensity.  Such  an  idea  would  circle  in  the  heavens,  scarcely  peieepdble  on  a 
be  utterly  inconsistent  with  the  perfecti<ms  of  « luiali  zlv.  IS. 
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aavory  view  id  the  firmament,  there  are  twen-  these  bodies  to  pass  in  leriew  before  us  every 
tf  thousand  ti«nes  more  stars  distinguishable  minute^  it  would  require  more  than  three  mi> 
by  the  telescope  than  what  the  naked  eye  can  lions,  eight  hundred  and  forty  thousand  years 
diBoem  throughout  the  visible  canopy  of  of  unremitting  observation  before  the  whole 
heaven.  The  Milky  Way,  were  it  supposed  could  be  contemplated  even  in  this  rapid  man- 
tD  contain  the  same  number  of  stars  through*  ner.  Were  an  hour's  contemplation  allotted 
oat  its  whole  extent  as  have  been  observed  in  to  each,  it  would  require  two  hundred  and 
certain  portions  of  it,  would  comprise  no  less  thirty  millions,  four  hundred  thousand  years 
than  20,191,000  stars;  and  as  each  of  thesp  till  all  the  series  passed  under  review;  and 
stars  is  doubtless  a  sun^  if  we  suppose  onfy  were  we  to  suppose  an  intelligent  being  to 
fifty  planets  or  worlds  connected  with  each,  remain  fifly  years  in  each  world  for  the  pur- 
we  shall  have  no  less  than  1,009,550,000,  or  pose  of  taking  a  more  minute  survey  of  its  pe- 
Doie  than  a  thousand  millions  of  worlds  con-  culiar  scenery  and  decorations,  100,955,000,- 
tained  within  the  space  occupied  by  this  lucid  000,000,  or  a  hundred  billions,  nine  hundred 
noe.  Here  an  idea  is  presented  which  com-  and  fifty-five  thousand  millions  of  years  would 
pletely  overpowers  the  human  faculties,  and  elapse  before  such  a  survey  could  be  com- 
at  which  the  boldest  imagination  must  shrink  pleted ;  a  number  of  years  which  to  limited 
back  at  any  attempts  to  form  an  approximate  minds  seem  to  approximate  to  something  like 
eonception.    A  thousand  millions  of  worlds!    eternity  itself 

We  may  state  such  a  &ct  in  numbera  or  in       Still,  aU  this  countless  assemblage  of  suns 
words,  but  the  brightest  and  most  expansive   and  xoorlds  is  not  the  universe.    Although 
huDsn  intellect  must  utterly  fiiil  in  grasping  'we  could  range  on  the  wings  of  a  seraph 
all  that  is  comprehended  in  this  mighty  idea ;   through  all  this  confluence  of  sidereal -systems, 
and  perhaps  intelligences  possessed  of  powers   it  is  more  than  probable  that  we  should  find 
&r  superior  to  those  of  man  are  inadequate  to   ourselves  standing  only  on  the  verge  of  crea- 
fcnn  even  an  approximate  conception  of  such   tion,  and  that  a  boundless  prospect,  stretching 
astupendons  scene.    Yet  this  scene,  magnifi-    towards  infinity  on  every  side,  would  still  be 
csnt  and  overpowering  as  it  is  to  limited  minds   presented  to  view ;  for  we  cannot  suppose  for 
such  as  ours,  is  not  the  scene  of  the  universe ;    a  moment  that  the  empire  of  Omnipotence 
it  is  only  a  comparatively  insignificant  speck    terminates  at  the  boundaries  of  human  vision, 
in  the  map  of  creation,  which  beings  at  re-   even  when  assisted  by  the  most  powerfiil  in- 
mote  distances  may  be  unable  to  detect  in  the   struments.      Other  intelligences  may  have 
canopy  of  their  sky,  or  at  most  will  discern  it   powere  of  vision  capable  ^  penetrating  into 
only  as  an  obscure  point  in  the  fiirthest  ex-   space  a  hundred  times  fiirther  than  ours  when 
trenudes  of  their  view,  as  we  distinguish  a   assisted  with  all  the  improvements  of  art;  but 
ftint  nebulous  star  through  our  best  telescopes,   even  such  beings  cannot  be  supposed  to  have 
Ascending  firom  the  Milky  Way  to  the  still   penetrated  to  the  uttermost  boundaries  of 
itmoter  regions  of  space,  we  perceive  several   creation.    Man  in  fiiture  ages,  by  the  im- 
(hoosands  of  dim  specks  of  light  which  power-   provements  of  optical  instruments,  may  be 
fill  telescopes  resolve  into  immense  clusters   able  to  penetrate  much  fiirther  into  the  ro- 
of stars.    These  nebula,  as  they  are  called,   mote  regions  of  space  than  he  has  hitherto 
may  be  considered  as  so  many  milky  ways,   done,  and  may  descry  myriads  of  objects 
and  some  of  them  are  supposed  even  to  <<  out-   which  have  hitherto  remained  invisible  in  the 
neoorMilky  Way  in  grandeur.''  Above  three   unexplored    regions    of   immensity.      Ever 
thousand  ofthese  nebula  have  been  discovered;   since  the  invention  of  the  telescope,  one  dis- 
ind  if  only  two  thousand  be  supposed  to  be    coveiy  has  followed  another  in  almost  regular 
issohable  into  starry  groups,  and  to  be  as  rich   succession.     In  proportion  to  the  increase 
in  stars  at  an   average  as  our  Milky  Way,   and  activity  of  astronomical  observers,  and 
then  we  are  presented  with  a  scene  which   the  improvement  of  the  instruments  olfobserva- 
comprises  2000  times  20,191,000,  or  40,382,-   tion,'  the  more  remote  spaces  of  creation  have 
000,000,  tiiat  is,  more  than  forty  thousand  been  explored,  and  new  scenes  of  the  universe 
mlUons  of  stars.    And  if  we  suppose,  as  for-   laid  open  to  human  contemplation.  And  who 
neriy,  fifty  planetary  globes  to  be  connected   shall  set  boundaries  to  the  improvements  and 
with  each,  we  have  exhibited  before  us  a   discoveries  of  fiitore  and  more  enlightened 
prospect  which  includes  2,019,100,000,000,   generations]     Before  the  invention  of  the 
or  two  billions,  nineteen  thousand  one  bun-   telescope,  it  would  have  been  foolish  to  have 
dnd  millions  of  worlds.    Of  such  a  number   asserted  that  no  more  stars  existed  than  those 
of  bodies  we  can  form  no  distinct  conception,    which  were  visible  to  the  naked  eye;  and 
snd  much  less  can  we  fi>rm  even  a  rude  or   after  Galileo  had  discovered  with  his  first 
ipproximate  idea  of  the  grandeur  and  mag-   telescope  hundreds  of  stars  which  were  pre- 
nijieenee  which  the  whole  of  such  a  scene   viously  unknown,  it  would  have  been  eqiuUy 
HBUt  display.    Were  we  to  suppose  each  of    absurd  to  have  maintained  that  the  teleaoopo 

(669) 
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would  never  be  fbrtlier  iznpiOTed,  and  that  no  Hence  we  may  conclude  that  then  is  no 
additional  stars  would  afterwards  be  dis-  created  being,  even  of  the  highest  order  ofiiH 
corexed*  It  would  be  a  position  equally  nn-  telligences,  that  wiO  ever  be  able  to  sorvef 
tenable  to  maintain,  that  we  shaU  nerer  be  the  whole  scene  of  the  anirene.  Of  eoune. 
able  to  descry  objects  in  the  heavens  beyond  man^  though  destined  to  immortality,  will 
Uie  boundaries  which  we  have  hitherto  ex-  never  acquire  a  complete  knowledge  of  the 
plored,  since  scienoe  has  only  lately  cooh  whole  range  of  the  Creator's  operations,  eren 
menoed  its  ra|Md  progress,  and  since  man  is  during  the  endless  existence  which  lies  be- 
little more  than  just  bi^rming  to  employ  his  fore  him ;  for  his  fiauinlties,  however  much  ex- 
powers  in  sndi  investigations.  panded  in  that  state,  will  be  utterly  inadequate 
But  however  extensive  may  be  die  dis-  to  gntsp  a  scene  so  boundless  and  august  It 
coveries  of  future  ages,  we  may  lay  it  down  will  be  a  part  of  his  happiness  that  he  will 
as  an  axiom,  that  neither  man  nor  any  other  never  be  able  to  comprehend  the  univene; 
Tank  of  finite  beings  will  ever  be  able  to  pene-  for  at  every  period  of  his  future  existence  he 
trate  to  the  further  boundaries  of  the  creation,  will  still  behold  a  boundless  prospect  stretched 
It  would  be  jvesumptuous  to  suppose  that  a  out  before  him,  with  new  objects  continnally 
being  like  man« — whose  stature  is  compre-  rising  to  view,  in  the  contemplation  of  which, 
bended  within  the  extent  of  two  yards,  who  innumerable  ages  may  roll  away  without  the 
vanishes  fix>m  the  sight  at  the  distance  of  a  least  apprehension  of  ever  arriving  at  the 
German  mile,  whose  whole  habitation  sinks  termination  of  the  scene.  Were  a  superior 
into  an  invisible  point  at  the  distance  of  intelligence  ever  to  arrive  at  such  a  point, 
Jupiter,  who  resides  on  one  of  the  smallest  from  that  moment  his  hi^iNness  would  be 
class  of  bodies  in  the  universe,  and  whose  diminished,  his  intellectual  powers  would 
powers  of  vision  and  of  intellect  are  so  limited,  loee  their  energy,  his  love  and  adorations  of 
— should  be  able  to  extend  his  views  to  the  the  Supreme  would  wax  fiunt  and  languid, 
extreme  limits  of  the  empire  of  the  Eternal,  and  he  would  feel  as  if  nothing  new  sad 
and  to  descry  all  the  systems  which  are  dis-  transporting  were  to  be  added  to  his  enjoj- 
persed  throughout  the  range  of  infinitude.  It  ments  throughout  all  the  periods  of  his  futuie 
is  more  reasonable  to  believe  that  all  that  has  existence.  But  the  immensity  of  the  univerR, 
yet  been  discovered  of  the  operations  of  and  the  boundless  nature  of  the  dominions  of 
Omnipotence  that  lie  within  the  boundaries  "  the  King  Eternal,''  will  for  ever  preveot 
of  human  vision,  is  but  a  very  small  portion  any  such  effects  from  being  produced  in  the 
of  what  actually  exists  within  the  limits  of  case  of  all  virtuous  and  holy  intelligences, 
creation ;  that  the  two  billions  and  nineteen  Besides  the  numerous  bodies  to  which  we 
thousand  millions  of  worlds  which  we  have  have  above  alluded,  there  ai:e  several  othei 
assumed  as  the  scene  of  the  visible  universe,  objects  which  require  to  be  contemplated,  in 
are  only  as  a  single  star  to  the  whole  visible  order  to  amplify  our  views  of  the  visible  uni- 
firmament,  or  even  as  a  single  grain  of  sand  verse.  Those  nebulous  specks  in  the  remote 
to  all  the  m3rriads  of  particles  which  cover  the  regions  of  the  heavens  termed  planday 
sea-shores  and  the  bed  of  the  ocean,  when  nehlum  have  never  yet  been  resolved  into 
compared  with  what  lies  beyond  the  utmost  stars,  and  are  in  all  probability  bodies  of  t 
range  of  mortal  vision ;  for  who  can  set  bounds  different  nature  from  the  Milky  Way  and  other 
to  infinitude,  or  to  the  operations  of  Him  sidereal  systems.  Their  magnitude  is  sstonisb- 
whose  power  is  onmipotent, "  whose  ways  are  ing,  since  some  of  them  would  fill  a  cubietl 
unsearchable,*'  and  « whose  understanding  is  sfpaoe  equal  to  the  diameter  of  the  oihit  of 
infinite  1"  All  that  we  have  yet  discovered  Uranus,  which  would  contain  24,000,000, 
of  creative  existence,  vast  and  magnificent  as  000,000,000,000,000,000»000,  or  twenty-foor 
it  appears,  may  be  only  a  small  comer  of  thousand  quaitiUions  of  solid  miles;  that  i% 
some  mightier  scheme  wluch  stretches  through-  they  are  sixty-eight  thousand  millions  of  times 
out  the  length  and  breadth  of  immensity, —  larger  than  the  sun.  Such  bodies  present  t» 
of  which  the  highest  created  intellect  may  our  view  magnUudu  more  astonishing  than 
have  only  a  few  fiiint  glimpses,  which  will  be  any  others  to  be  found  within  the  range  of 
gradually  opening  to  view  throughout  the  the  visible  creation,  and  overwhelm  the  mind 
revolutions  of  eternity,  and  which  will  never  with  wonder  and  amazement  at  what  can 
be  fully  explored  during  alf  the  periods  of  an  possibly  be  their  nature  and  destinatiaD. 
interminable  existence.  What  is  seen  and  Several  other  nebula  are  no  less  wondcdol, 
known  of  creation  may  be  as  nothing  com-  such  as  that  in  the  constellation  of  Orion 
pared  with  what  is  unseen  and  unknown ;  which  even  surpasses  in  magnitade  the  di 
and  as  the  ages  of  eternity  roll  on,  the  em-  mensions  now  stated.  It  has  been  oompoted 
ptre  of  the  Almighty  may  be  gradually  ex-  to  be  2,200,000,000,000,000,000,  or  two 
panding  in  its  extent,  and  receiving  new  addi-  trillions,  two  hundred  thousand  billions  of 
tions  to  its  glory  and  magnificence.  times  larger  than  the  sun^— a  magnituds 
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whidi  we  ean  scarcelj  sappose  within  the  whose  apparent  mofioii  is  five  seconds  annu- 
power  of  any  finite  being  to  gxasp  or  to  com-  aliy,  and  consequently  imperceptible  to  a 
prehend.  For  what  end  such  huge  masses  common  observer,  yet  at  the  distance  at  which 
of  matter  were  created  must  remain  a  mystery  the  star  is  known  to  be  placed,  this  motion  is 
to  mortals  so  long  as  they  are  confined  to  this  equivalent  to  one  thousand  five  hundred  and 
sublunary  scene.  Perhaps  they  are  intended  fi%-two  millions  of  miles  in  a  year ;  four 
to  g:ive  us  a  glimpse  of  objects  and  arrange-  millions,  two  hundred  and  fifty-two  thousand 
ments  in  the  Divine  economy  altogether  dif*  miles  a  day,  and  one  hundred  and  seventy- 
ferent  from  those  we  perceive  in  the  planetary  seven  thousand  miles  an  hour.  Other  stars 
system,  and  in  the  oUier  parts  of  the  sidereal  are  found  to  move  with  velocities  nearly 
heavens.  But  whatever  may  1^  their  ulti-  similar,  as  fi  Cassiopeia,  which  moves  above 
mate  destination;  we  may  rest  assured  that  three  millions  of  miles  a  day,  which  is  at  the 
they  serve  a  purpose  in  the  plan  of  &e  Di-  rate  of  two  thousand  one  hundred  and  sixty 
vine  administration  worthy  of  their  magni-  miles  every  minute.  These  are  motions  alto* 
tudoy'and  of  the  perfections  of  Him  by  whom  gether  incomprehensible  by  human  beings, 
they  were  created.  They  were  brought  into  especially  when  we  take  into  consideration 
existence  by  the  same  power  which  reared  the  enormous  magnitude  of  the  stars,  some 
the  other  parts  of  creation ;  and  as  power  is  of  which  may  be  a  thousand  times  larger  than 
always  accompanied  with  wisdom  and  good-  all  the  planets  and  comets  belonging  to  our 
nesB,  they  must  have  an  ultimate  reference  eycftem.  They  display  the  amazing  and  un- 
to the  accommodation  and  happiness  of  controllable  airsaoiES  of  Omkipotexcs, 
rational  beings,  under  an  economy,  peiiiaps  and  afford  a  distinct  source  of  admiration  and 
widely  different  from  that  of  the  planetary  astonishment  in  addition  to  all  the  other 
and  odier  systems.  wonders  of  the  universe.  If,  then,  we  would 
Having  taken  a  cursory  view  of  the  mag-  endeavour  to  attain  a  comprehensive  idea  of 
nitudes  of  the  numberless  bodies  scattered  the  motions  going  forward  throughout  the 
through  the  regions  of  space,  let  us  now  oon-  spaces  of  immensity,  we  must  not  only  con^ 
sider  the  moHanawlacii  are  incessantly  going  ceive  of  planets  revolving  around  luminous 
forward  in  every  part  of  the  universe ;  for  all  centres,  but  of  suns  rovolving  around  6uns,-<- 
tfae  myriads  of  globes  and  systems  to  which  of  suns  and  systems  revolving  around  the 
we  have  alluded  are  in  rapid  and  perpetual  centres  of  the  nebuls  to  which  they  respect* 
niotioii;  and  we  have  no  reason  to  believe  ively  belong,— of  all  the  systems  and  nebuls 
that  there  is  a  singla  quiescent  body  through-  of  the  uruverse  revolving  in  immense  circum- 
oot  the  immensity  of  creation.  We  have  here  ferences  around  the  throne  of  the  Eternal,  the 
planets  revolving  around  suns,  planets  rovolv-  great  centre  of  all  worlds  and  beings, — of 
ing  around  planets,  suns  performing  their  each  sun,  and  planet,  and  system,  notwith* 
revoiations  around  suns,  suns  revolving  around  standing,  pursuing  a  course  of  its  own  in  dif- 
tiie  centres  of  sidereal  systems,  and,  in  all  ierent  directions,  and  in  numerous  Instances 
probability,  every  system  of  creation  revolving  acted  upon  by  different  forces, — ^in  short,  of 
round  the  centre  and  Grand  Mover  of  the  the  ten  thousand  times  ten  thousands  of 
whole.  The  rate  of  these  motions,  in  every  luminous  and  opaque  globes,  of  every  rank 
known  instance,  is  not  less  than  several  and  order,  within  the  dreuit  of  creation, — all 
thousands  of  miles  every  hour,  and  in  many  performing  their  rapid  but  harmonious  mo* 
instances,  thousands  of  miles  in  a  miimte.  tions  throughout  every  region  of  space,  and 
The  motions  which  are  found  among  the  without  intermission,  in  obedience  to  the  laws 
planetary  globes  appear,  at  first  view,  alto-  of  their  Creator. 

gether  astonishing,  and  almost  to  exceed  be-       Again,  ,we  cannot  be  supposed  to  have  at- 

fief,  when  we  consider  the  enormous  nze  of  tained  a  comprehensive  conception  of  the  uni- 

■ome  of  these  bodies.    That  a  globe  a  thou-  verse,  without  taking  into  account  the  sensi- 

•and  times  larger  than  our  world  riiould  fly  tive  and  intellectual  beings  with  which  it  is 

at  the  Tate  of  thirty  thousand  miles  an  hour,  replenished.    We  ought  never  to  consider  the 

and  carry  along  with  it  a  retinue  of  other  numerous  orbs  revolving  throughout  infinite 

mighty  globes  in  its  swift  career,  is  an  object  space  as  mere  masses  of  rude  matter,  arranged 

that  Eoay  well  strike  us  with  wonder  and  into  systems  merely  to  give  a  display  of  Al- 

VDuaemea/L    But  tiie  fixed  stars — though  to  mighty  Power,  but  as  means  for  accomplish- 

a  common  observer  they  appear  exactly  in  ing  a  higher  and  nobler  end, — the  diffusion 

die  same  positions  with  regard  to  each  other —  of  happiness  among  countless  orders  of  intelli- 

are  found,  in  some  instances,  to  be  carried  gent  existence.    And  as  this  idea  must  ne- 

forward  with,  motions  far  more  rapid  than  cessarily  be  admitted,  what  a  eouniUit  mutti- 

even  the  bodies  of  the  planetary  system,  tude  of  percipient  beings  must  people  the  am- 

plough  their  magiutude  is  immensely  superior,  plitudes  of  creation !     On  our  globe  there  are 

We  faatve  ab«ady  seen  that  the  star  61  Cygni.  supported  at  least  800  millions  of  human  ba 
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inga ;  but  it  is  eapaUe  of  rappoiting  twenty  view  a  Mraroe  of  knowledge,  and  a  fubieet  «r 
times  that  number,  or  nxteen  thousand  mil-  sublime  investigation,  whidi  superior  inteUecti 
lions,  if  all  its  desolate  wastes  were  cultivated  might  prosecute  without  intermissioo,  with 
and  peopled.    Besides  man,  there  are  nume-  increasing  admiration  and  rapture,  and  never 
rous  orders  of  other  sensitive  beings :  there  arrive  at  the  termination  of  their  pursuits  dor- 
are  at  least  500  species  of  quadrupeds,  4000  ing  all  the  periods  of  an  endless  existence, 
species  of  birds,  8000  species  of  fish,  700  spe-       Such  is  a  summary  view  of  the  univerK^  in 
cics  of  reptiles,  50,000  ^lecies  of  insects  be-  so  far  as  its  scenes  lie  open  to  our  knowledge 
sides  thousands  which  the  microscope  alone  and  investigation.    The  idea  it  presents  is 
can  enable  us  to  perceive-— at  least  sixty  thou-  altogether  overpowering  to  the  human  &ciil- 
sand  species  in  alL    If  eveiy  species  contain  ties,  but  it  Lb  nothing  else  than  what  we  should 
about  500  millions  of  individuals,  then  there  naturally  expect,  when  we  consider  that  the 
will  be  no  less  than  30,000,000,000,000,  or  Being  who  formed  it  is  seli^xistent  and  eto*- 
thirty  billions  of  individuals  belonging  to  all  nal;  possessed  of  infinite  wisdom,  almigfa^ 
the  different  classes  of  sensitive  existence  on  power,  and  boundless  goodness;  and  fills  the 
the  sur&ce  of  our  globe.  infinity  of  space  with  his  presence.    It  ia  like 
If  this  earth,  then,  which  ranks  among  the  himself,  boundless,  and  incomprehensible  by 
smaller  globes  of  our  system,  contain  sudi  an  finite  minds ;  but  exhibits  to  every  order  of 
immense  number  of  living  beings,  what  must  intelligent  beings  a  gensibU  display  of  *<  His 
be  the  number  of  sentient  and   intellectual  Eternal  Power  and  Godhead."     Without  the 
existence  in  all  the  worlds  to  which  we  have  existence  of  such  a  universe,  the  infinite  art- 
alluded  !     We  assumed,  on  certain  data,  that  tributes  of  the  Almighty  could  not  be  IqIIt 
2,019,1000,000,000,  or  two  billions  of  worlds,  recognized  and  appreciated  by  his  intelligent 
may  exist  within  the  bounds  of  the  visible  offspring.    But  here  we  behokl,  as  in  a  mi]«* 
universe ;    and,  although    no  more    beings  rar,  the  invisible  perfections  of  the  Divinity, 
should  exist  in  each  world,  at  an  average,  than  ''  whom  no  man  hath  seen  or  can  see,"  adum- 
on  our  globe,  there  would  be  the  following  num-  faratcd,  as  it  were,  and  rendered  visible,  in 
her  of  living  inhabitants  in  these  woridiB,  60,-  eveiy  part  of  creation,  to  the  eyes  of  unnnm- 
573,000,000,000,000,000,000,000;  that  is, six-  bered  intelligences;  for  there  is  no  point  of 
tyquartillions,  five  hundred  and  seventy-three  space  in  which  a  rational  being  oouki  be 
tliousand  trillions,  a  number  which  transcends  placed,  in  which  he  would  not  find  himself 
human  conception.    Among  such  a  number  surrounded  with  sensible  evidences  and  dis- 
of  beings,  what  a  variety  of  orders  may  exist,  plays  of  the  operations  of  an  all-wise,  an  .all- 
from  the  archangel  and  the  seraph  to  die  worm  powerfiil,  and  incomprehensible  Deity.    *<Hs 
and  the  microscopic  animalculum !     What  a  has  not  left  himself  without  a  witness**  to  his 
diversity  of  ranks  in  the  intellectual  scale,  existence,  and  his  incessant  energies,  in  any 
from  the  point  of  the  human  fiiculties  to  the  parts  of  his  dominions,  or  to  any  order  of  hsi 
highest  order  of  created  beings,  may  be  found  creatures,  wherever  existing.    **  If  we  should 
throughout  this  immensity  of  existence!  Some,  ascend  to  heaven,  he  is  there.''    If  we  aiioold 
perhaps,  invested  with  faculties  as  far  surpass-  descend  to  the  lower  regions,  he  is  there  also 
ing  those  of  man  as  man  surpasses  in  intelleo  to  be  seen  in  his  operations — *^  If  vre  take  the 
tual  energy  the  worms  of  the  dust,  and  still  ap-  wings  of  the  morning,"  and  fly  along  with 
proximating  nearer  and  nearer  to  the  Deity,  the  sun  from  east  to  west,  and  continue  oor 
What  a  variety  may  exist  among  them  in  the  course  without  intermission  through  regions 
form,  organization,  senses,  and  the  movements  of  space  invisible  to  mortal  eye,  **even  there 
of  their  corporeal  vehicles !     What  a  wonder-  his  hand  would  lead  us,  and  his  right  band 
ful  and  interesting  scene  would  their  history  uphold  us."    <*  Darkness,"  unfolds  the  grui* 
disclose,  were  the  whole  series  of  events  in  deur  of  his  operations  and  the  glories  of  his 
the  Divine  administration  towards  them  laid  nature,  as  well  as  (he  ^  light"  of  the  orb  of 
open  to  our  view ! — ^the  different  periods  in  day.    Though,  on  the  wings  of  a  seraph  w 
duration  at  which  they  were  brought  into  ex-  could  fly  in  every  direction  through  boundleas 
istence ;  the  special  laws  of  social  and  moral  space,  we  should  every  where  find  ourKlves 
order  peculiar  to.  each  class  of  intelligences;  encompassed  with  his  immensity,  and  with 
the  modes  of  improving  the  intellect,  and  the  the  manifestations  of  his  presence  and  agency, 
progress  they  have  made  in  universal  know-  Of  such  a  Being,  and  of  the  universe  he  has 
ledge;  the  scenes  of  glory  or  of  terror  through  formed,  we  may  exclaim  in  the  language  of 
which  any  particular  classes  of  beings  might  an  inspired  writer — **  O  the  depth  of  the  lichea 
have  passed;   the  changes  and  revolutions  bothof  the  wisdom  and  of  the  knowledge  of 
that  may  await  them ;  and  the  final  destina-  God !    How  unsearchable  are  his  qwrataoiMr 
tion  to  which  they  are  appointed.    These  and  and  his  ways  past  finding  out !" 
numerous  other  circumstances  coimected  with       Of  this  universe  we  can  only  form  an  ap* 
the  moral  and  intellectual  universe  open  to  proximate  idea  by  oompaiiog  one  amaO  por 
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of  it  with  another,  and  hy  allowing  the 
vmod  to  dwell  for  a  considerable  time  on  eveiy 
aeene  we  contemplate.  We  most  first  en- 
dea'voar  to  acquire  a  comprehensive  concep- 
tion of  the  magnitude  of  the  globe  on  which 
we  dwell,  and  the  numerous  diversity  of  oIh 
jecta  it  contains ;  we  must  next  stretch  our 
view  to  some  of  the  planetary  globes,  which 
are  a  thousand  times  greater  in  magnitude ; 
and  to  such  an  orb  as  the  sun,  which  fills  a 
space  thirteen  hundred  thousand  times  more 
expansive.  Ranging  through  the  whole  of 
tiie  planetaiy  system,  ^e  must  fix  our  atten- 
tion on  eveiy  particulai  scene  and  object, 
imagine  ourselves  traversing  the  hills,  and 
plains,  and  immense  regions  of  Jupiter, 
and  surveying  the  expansive  rings  of  Saturn 
in  all  their  vast  dimensions  and  rapid  motions, 
till  we  have  obtained  the  most  ample  idea 
iirbich  the  mind  can  possibly  grasp  of  the  ex- 
tent and  grandeur  of  the  planetaiy  system. 
Leaving  this  vast  system,  and  proceeding 
tiirougfa  boundless  space  till  ail  its  planets 
have  entirely  disappeared,  and  its  sun  has 
d'windled  to  the  size  of  a  small  twinkling  star, 

must  next  survey  the  thousand  stars  that 
the  visible  firmament,  every  one  of  which 
miHt  be  considered  as  a  suv,  accompanied 
with  a  system  of  planets  no  less  spacious  and 
aagnst  than  ours.  Continuing  our  course 
tfaroogh  depths  of  space  immeasurable  by  hu- 
man art,  we  must  penetrate  into  the  centre  of 
the. Milky  Way,  where  we  are  surrounded  by 
msttB,  not  only  in  thousands,  but  in  miUiona. 
Here  the  imagination  must  be  left  for  a  length 
of  time,  to  expatiate  in  this  amazing  and  mag^ 
nifioent  scene,  and  try  if  it  can  form  any  fiiint 
idea  of  twenty  millions  of  suns,  surrounded 
with  a  thousand  millions  of  planets.  Suppose 
one  of  these  bodies  to  pass  before  the  eye  or 
the  imagination  every  minute,  it  would  re* 
quin  1900  years  before  the  whole  could  pass 
in  review,  and  each  produce  a  distinct  impres- 
aion  as  a  separate  object 

In  a  scene  like  this,  the  boldest  imagina* 
tion  is  overpowered  and  bewildered,  amidst 
number  and  magnitude,  and  feels  utterly  in- 
competent to  grasp  the  ten  thousandth  part 
ef  the  overwhelming  idea  presented  before  it 
Winging  our  flight  from  the  Milky  Way,  over 
unknown  and  immeasurable  regions,  regions 
where  infinitude  appears  opening  upon  us  in 
twfiil  grandeur,  we  approach  some  of  those 
immense  stany  dusters  called  Nxbula, 
every  one  of  which  may  be  considered  as 
andther  milky  way,  vrith  its  ten  thousands 
and  millions  of  suns.  Here  the  imagination 
must  make  a  solemn  pause,  and  take  a  vdder 
atrelch,  and  sunnnon  up  all  its  powers,  and 
Ibioe,  and  vigour;  for  here  we  have  not 
msrely  ont  milky  way,  viith  its  millions  of 

I,  to  oonteraplate,  but  thousands.    If  th9 
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immense  splendour  and  amplitude  of  ons 
milky  way  overwhelms  us  wUh  amazement 
and  with  an  emotion  almost  approaching  te 
terror,  what  an  overpowering  ef&ct  should 
two  tiiousand  of  such  scenes,  which  have 
already  been  discovered,  produce  upon  minds 
so  feeble  and  limited  as  ours !  Such  a  scene 
not  only  dispbys  to  us,  beyond  every  other; 
the  incomprehensible  energies  of  Qmnipth 
tenee,  but  seems  to  intimate  that  there  are 
created  beings  existing  in  the  universe,  en- 
dowed with  powers  of  intelligence  capable  of 
forming  a  much  more  approximate  idea  of 
such  objects  than  beings  such  as  man,  who 
may  be  considered  as  standing  near  the  lowest 
point  of  the  scale  of  intellectual  existence. 
These  "  thrones  and  dominions,  principalitiea 
and  powers  of  Heaven,"  may  be  able  to  form 
a  comprehensive  conception  of  such  a  scene 
as  the  Milky  Way,  which  baffles  the  utmost 
efibrts  of  the  human  fiiculties. 

Soaring  beyond  all  these  objects,  we  behold, 
as  it  were,  a  new  universe  in  the  immense 
magnitude  of  the  planetary  and  other  ncbultt, 
where  separate  stars  have  never  been  per* 
ceived ;.  and  besides  all  these,  there  may  be 
thousands  and  ten  thousands,  and  millions  of 
opaque  globes  of  prodigious  size,  existing 
throughout  every  region  of  the  universe,  and 
even  in  that  portion  of  it  which  is  within  the 
limits  of  our  inspection,  the  fidntness  of  whose 
light  prevents  it  firom  ever  reaching  our  eyes. 
But,  far  beyond  all  such  objects  as  those  we 
have  been  contemplating,  a  boimdless  region 
exists,  of  which  no  human  eye  has  yet  caught 
a  glimpse,  and  which  no  finite  intelligence 
has  ever  explored.  What  scenes  of  power, 
of  goodness,  of  grandeur,  and  magnificence, 
may  be  displayed  within  this  unapproachable 
and  infinite  expanse,  neither  men  nor  angels 
can  describe,  nor  form  the  most  rude  concep- 
tion. But  we  may  rest  assured  that  it  is  not 
an  empty  void;  but  displays  the  attributes  of 
the  Deity  in  a  manner  no  less  admirable  and 
glorious,  and  perhaps  much  more  so,  than  all 
the  scenes  of  creation  within  the  range  of  our 
vision.  Here,  undoubtedly,  is  that  splendid 
region  so  frequently  alluded  to  in  the  Scrip- 
tures, designated  by  the  emphatic  name, 
<*Thx  HsATZir  or  Hsatxits,"  evidently  im- 
porting that  it  is  the  most  glorious  and  mag- 
nificent department  of  creation.  Countless 
myriads  of  beings,  standing  at  the  highest 
point  of  the  scale  of  intellect,  and  invested 
with  faculties  of  which  we  have  no  concep- 
tion, must  inhabit  those  regions ;  for  we  are 
positively  informed  that "  hosts  of  intelligent 
beings  reside  in  such  abodes,  and  that "  these 
hosts  of  the  heaven  of  heavens  worship  God,** 
But  here  our  contemplations  must  terminate. 
Here  imagination  must  drop  its  wing,  sinoo  il 
can  peneti^atfl  no  further  into  the  dominigos 

3L  («73) 
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of  Hizn  who  nto  od  the  throne  of  immensity,  art,  can  we  for  a  moment  hesitate  to 
Orerwhehned  with  a  view  of  the  magnificence  the  production  of  this  amazing  miiverse  ^riiien 
of  the  universe,  and  of  the  perfections  of  its  surrounds  us,  to  a  Being  of  infinite  know- 
Almighty  Author,  we  can  only  fiUl  prostrate  ledge,  wisdom,  and  power,  adequate  to  bring 
in  deep  humility  and  adoration,  and  exclaim,  into  existence  such  an  immense  and  wonder- 
*<  Great  and  marvellous  are  thy  works.  Lord  ful  machine,  and  to  preserve  it  in  harmony, 
God  Almighty !  Thou  art  worthy  to  receive  from  age  to  age,  amidst  all  its  diveisified  and 
glory,  and  honour,  and  power;  for  thou  hast  complicated  movements  1  That  ever  a  doabt 
created,  all  worlds,  and  for  thy  pleasure  they  was  entertained  on  this  sutject  is  a  plain 
are  and  were  created."  proof  that  man  has  lost,  in  part,  that  Ught  of 

I  shall  conclude  this  subject  with  the  fol-   reason  and  intelligence  with  which  he  was 
lowing  remarks:  originally  endued,  or  that  he  is  sometimes 

1.  All  the  vast  systems  to  which  we  have   urged  on  by  depraved  passions  and  a  pride  of 
alluded  are  the  workmanship  of  an  Infinite   angularity  to  utter  sentiments  which  he  does 
and  Eternal  Being,  and  display  the  grandeur   not  sincerely  believe.     As  Cicero  long  ago 
of  his  perfections.    It  is  impossible  that  such   declared — "  He  who  thinks  that  the  admirable 
an  am^ging  universe,  arranged  with  such  ex-   order  of  the  celestial  orbs,  and  their  constancy 
quisite  order,  and  all  the  bodies  it  contains   and  regularity,  on  which  the  oonservatioii  and 
moving  with  such  regular  and  rapid  motions,   good  of  all  things  depend,  to  be  void  of  a  mind 
could  have  formed  itself^  or  been  produced  by    that  governs  them,  he  himself  deserves  to  be 
the  fortuitous  concourse  of  atoms.    The  very    accounted  void  of  a  mind."    It  is  <<  the  yboT* 
surmise  that  such  a  thing  was  possible  is  one   alone,  in  the  strictest  sense  of  the  woid,  what- 
of  the  wildest  hallucinations  that  ever  entered   ever  may  be   his  pretended  learning,  who 
the  human  mind.    It  is  a  first  principle  con-   dares  to  declare  ^*  there  is  no  God." 
nected  with  the  constitution  of  every  intel-       And  as  the  universe  demonstrates  the  ex- 
lectual  nature,  and  without  the  admission  of   istencei  so  it  displays  the  attributes  of  the 
which  there  can  be  no  reasoning,  diat  there    Eternal     The  manifestation  of  himself  to 
is  *<  a  connexion  between  cause  and  efiect,"    numberless  orders  of  intelligent  beings  most 
and  that  "  every  efiect  must  have  a  oorres-   have  been  the  great  end  intended  in  bringing 
ponding  cause  adequate  to  its  production."    the  universe  into  existence.    This  manifesta- 
The  universe  is  an  effeetf  the  most  sublime    tion  is  made  chiefly  in  actions — in  actioDs 
and  glorious  which  the  human  mind  can  con-   which  display  greatness,  wisdom,  and  good> 
template,  and  the  natural  and  necessary  con-   ness,  beyond  all  bounds.    His  greatness  ^ 
elusion  which  it  almost  instinctively  draws  is,   pears  finom  the  immensity  empower  which  the 
that  it  is  the  produedon  of  an  Eternal,  Intel-   universe  exhibits.    The  power  necessaiy  to 
figent,  and  Almighty  Being.    This  is  a  con-   move  a  single  planet  in  its  course  fer  trtn- 
elusion  which  has  been  deduced  by  men  of    soends  human  conception.    What,  then,  moat 
all  nations,  and  in  every  period  of  die  world,   be  the  energy  and  extent  of  that  power  which 
"  There  is  no  nation  or  people,"  says  Cicero,    set  in  motion  and  still  uf^olds  all,  the  planets^ 
"  so  barbarous  and  ignorant  as  not  to  acknow-   worlds,  and  Gystems  dispersed  throughout  the 
ledge  a  powerfiil  and  Supreme  Divinity."  spaces  of  infinitude !    The  highest  created 

It  is  as  natural  ibr  the  human  understand-   intelligence  must  be  utterly  overwhelmed  and 
ing,  in  its  original  and  unbiassed  state,  when   confounded  when  it  attempts  to  contenq)late 
contemplating  the  frame  of  the  universe,  to   or  to  grasp  an  idea  of  omnipotence.    His 
infer  the  existence  of  a  Deity,  as  it  is  the  pro-   knowl^ge,  wisdom,  and  unceasing  ageocj 
perty  of  the  eye  to  distinguish  light  and   are  no  less  conspicuous  in  the  anrangemeot 
colours,  and  of  the  ear  to  distinguish  sounds,   and  direction  of  every  thing  that  exists  m 
The  principle  firom  which  this  conclusion  is    heaven  and  on  earth.    As  his  presence  pcr- 
deduced  is  exactly  the  same  as  that  by  which,   vades  all  space,  so  his  agency  is  displayed  in 
from  the  contemplation  of  a  building,  we  infer   the  minuteist  movement  of  every  part  of  thi* 
a  builder,  and  ftom  the  elegance  and  utility   vast  whole.    This  great  and  incomprebensi 
of  eveiy  part  of  the  structure,  we  conclude   ble  Being  moves  eveiy  9tom,  expands  emy 
that  he  was  a  wise  and  skilful  architect ;  or   leaf  of  the  forest,  decks  every  flower,  conveys 
that  by  which,  from  an  inspection  of  a  clock   the  sap  through  the  ramifications  of  evnry 
or  watch,  or  any  other  piece  of  useful  ma-   tree,  conducts  every  particle  of  vapour  to  its 
chineiy,  we  infer  not  only  the  existence,  but   appointed  place,  directs  every  ray  of  l^giU 
the  qualities  and  attributes,  of  the  contriver    fimn  the  sun  and  stars,  every  breath  of  w^d^ 
and  artificer.    The  man  who  is  inciqnble  of    every  flash  of  lightning,  every  movement  of 
at  once  deducing  such  conclusions  ought  to   the  meanest  worm,  and  every  motion  of  tiia 
be  regarded  as  destitute  of  the  reasoning   smallest  microscopic  animalculiim ;  while  sA 
feculty ;  and  if  we  thus  necessarily  infer  the    the  same  time  he  supports  the  planets  in  flidt 
tause  firom  the  effect  in  -the  case  of  humaa   courses,  guides  the  comet  in  its  eeecaUk; 
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csreer,  regulates  the  moTementa  of  miUions  There  is  a  dass  of  men  Who,  in  prosecating 
of  le^lendent  systems,  and  presides  in  sove-  scientific  pursoits,  wish  to  discard  every  thing 
mgn  anthori^  over  unnomlwred  hosts  of  in-  that  has  a  bearing  on  religion  when  dednoed 
telligent  existence ;  directing  all  the  myste-  from  the  investigBtions  of  science,  and  can 
nous  powers  of  knowledge,  virtue,  and  moral  scarcely  refrain  from  a  sneer,  when  the  ar* 
action  to  subserve  the  purposes  of  his  will,  rangements  in  the  economy  of  nature  are 
ind  aooomplish  the  ends  of  his  moral  govern-  traced  to  the  agency  of  their  All-wise  and  Om> 
ment  In  every  department  of  this  universe,  nipotent  Creator;  as  if  the  objects  which 
likewise,  his  goodness  is  displayed  to  unnum-  science  professes  to  investigate  had  no  relation 
l«red  orders  of  beings,  sentient  and  intellec-  to  the  views  we  ought  to  entertain  of  the  Di* 
toai;  for  all  the  powers  of  intelligence  and  vinity,  and  ought  never  to  be  traced  to  their 
action  possessed  by  every  creature  in  heaven  great  first  cause.  On  the  other  hand,  there 
and  on  earth,  from  the  archangel  to  the  worm,  are  many  professed  religionists  who,  from 
and  all  the  hi^picess  they  now  or  ever  will  mistaken  notions  of  piety,  would  set  aside  the 
enjoy,  are  deifred  finom  him  as  the  uncreated  study  of  the  woiks  of  Grod,  as  having  no  con- 
source of  all  felicity.  nezion  whatever  with  the  exercises  of  piety 

Under  this  glorious  and  stupendous  Being  and  the  business  of  religion,  and  as  even  inji> 
we  live  and  move ;  our  comforts  and  enjoy-  rious  to  their  interests.  Both  these  classes  of 
ments,  while  passing  through  this  transitory  men  verge  towards  extremes  which  are  equals 
scene,  are  wholly  in  his  hands,  and  all  our  ly  inconsiitent  and  dangerous.  The  amazing 
prospects  of  enjoyment  beyond  the  range  of  &ct,  that  creation  consists  of  a  countless  num- 
oar  earthly  career  are  dependent  on  his  mercy  ber  of  magnificent  aystems  and  worlds  beyond 
and  fiivour.  His  omnipotent  arm  supports  the  comprehension  of  finite  minds,  ought  not 
u  every  mon^ent;  evezy  breath  we  draw,  thus  to  be  recklessly  set  aside  in  our  views  of 
evay  pulse  that  beats  within  us,  every  mus-  God  and  of  religion ;  for  they  are  all  the 
eolar  power  we  exert,  every  sound  that  strikes  workmanship  of  oirx  Bsiire,  and  they  are 
oar  ears,  and  eveiy  ray  of  light  that  entera  connected  together  as  parts  of  oitb  grand  ^»- 
our  eye-baits,  is  dependent  on  his  sovereign  tem,  of  which  the  God  we  profisss  to  worship 
wifl.  All  that  we  hope  for  beyond  the  limits  is  the  supreme  and  universal  governor.  They 
of  time  and  throughout  the  revolution  of  eter-  present  to  the  view  of  all  intelligences  the 
wtj  depends  upon  his  power,  his  wisdom,  his  most  glorious  displays  of  his  character  and  pei^ 
benevolence  and  his  promises.  Were  he  to  factions,  and  consequently  demand  from  us  a 
withhold  the  powera  and  agencies  under  which  oonesponding  sentiment  of  admiration  and 
we  now  live  and  act,  we  could  neither  think  reverence,  and  a  corresponding  tribute  of  h(^ 
nor  speak,  hear  nor  see,  feel  nor  move ;  the  mage  and  adoration.  Such  enlarged  pros- 
whole  assemblage  of  living  beings  in  our  pects  of  the  universe  are  therefore  available 
world  would  be  changed  into  immovable  for  the  loftiest  purposes  of  religion  and  piety, 
statues,  and  this  earth  transfi>rmed  into  a  bar-  and  ought  to  enter  as  an  element  into  all  oar 
len  waste  and  an  eternal  solitude.  To  the  views  of  the  administration  of  the  Almighty, 
serrioe  of  this  glorious  Being  all  the  powen  and  of  that  worship  and  obedience  he  requires 
and  ftcuities  with  which  he  has  endowed  us  fix>m  his  rational  offipring,  unless  we  would 
ought  to  be  unreservedly  consecrated.  As  be  contented  to  render  him  a  degree  of  homage 
his  highest  glory  and  blessedness  consist  in  fer  inferior  to  thatwfaich  the  manifestatton  of 
bestowing  benefits  on  his  intdligent  offspring,  his  attributes  demands, 
so  we  ought  to  be  imitators  of  him  in  his  God  is  known  only  by  the  manifestations 
boundless  beneficence,  by  endeavouring  to  which  he  makes  of  his  character  and  perfeo- 
eommunicate  happiness  to  all  around  us.  «To  taons.  The  highest  created  intelligences  can 
do  good,  and  to  communicate,  forget  not ;  for  know  nothing  more  of  the  Divinity  than  what 
with  such  sacrifices  God  is  well  pleased."  To  is  derived  from  the  boundless  universe  he  has 
him,  as  the  *<  Father  of  our  spirits  and  the  presented  to  their  view,  the  ^spensations  of 
fimner  of  ocir  bodies,"  is  due  the  highest  de-  his  providence  to  certain  ordera  of  bemgs,  and 
gree  of  oar  love  and  gratitude ;  on  him  we  the  special  revelations  he  may  occasionally 
ought  to  rely  for  every  blessing,  and  humbly  vouchsafe,  on  certain  emergencies,  to  particu- 
ledgn  ourselves  to  his  disposal  under  every  lar  worlds.  Had  man  continued  in  primeval 
event;  for  '<  all  things  are  of  God,"  and  all  innocence,  the  contemplation  of  the  vast  crea^ 
are  conducted  with  supreme  and  unerring  tion  around  him,  with  all  its  diversified  won- 
wisdom  and  goodness  to  an  end  immortal  and  den  and  beneficent  tendencies,  would  have 
difine.  led  him  to  form  conect  views  of  the  attributes 

%  The  immensity  and  magnificence  of  the  of  his  Almighty  Malcer,  and  of  the  moral  lawe 
mivezse  and  the  attributes  of  Deity  it  dis-  by  which  his  conduct  should  be  regulated : 
plays  are  considerations  which  ought  to  be  but  it  does  not  fellow,  that  because  t(he  study 
taken  into  aoeoontia  all  out  views  of  religion,  of  nature  is  now  of  itself  an  insuflkient  guide 

(676) 


153                                         SIDEREAL  HEAVENS. 

to  the  knovrledge  of  tfie  Creator  and  the  en-  and  the  discoreries  which  hare  been  made  in 
jojment  of  eternal  hUdtj,  such  stodies  are  the  system  of  nature.  There  is  no  other  tjB' 
eifter  to  be  thrown  aside,  or  considered  as  of  tern  of  religion  or  pretended  revelation  that 
no  importance  in  a  religious  point  of  view,  was  ever  propagated  in  the  world  to  which 
To  overlook  the  astonishing  scene  of  the  nni*  such  a  characteristic  belongs.  If  we  examine 
Terse,  or  to  view  it  wi^  indiiSerenoe,  is  vir-  the  Mahomcdan  Koran,  the  Shasters  of  Bre- 
tualiy  to  '*  disregard  the  works  of  Jehovah,  mah,  the  system  of  Confbcins,  die  mythology 
and  to  refuse  to  consider  the  operations  of  his  of  the  Greeks  and  Romans,  and  ereiy  other 
bands."  It  is  a  violation  of  Christian  duty,  Pagan  code  of  religion,  we  shall  find  inter- 
and  implies  a  reflection  on  the  character  of  i^rsed  throughout  the  whole  of  them  nume- 
the  Deity,  for  any  one  to  imagine  that  he  has  rous  sentimento,  opinions,  and  pretended  &ctB 
nothmg  to  do  with  Qod  considered  as  mani-  at  utter  variance  with  the  true  system  of  na- 
fested  in  the  immensity  in  his  works;  for  his  ture,  and  to  what  are  known  to  be  the  esta- 
word  is  pointed  and  explicit  in  directing  the  blished  laws  of  the  universe.  This  is  strikingly 
mind  to  such  contemplations.  **  Hearken  un-  exemplified  in  the  extravagant  stories  and  d^ 
to  this;  stand  still,  and  consider  the  wonder-  scriptione  contained  in  the  pretended  revehk 
fid  works  of  Crod."  **hift  up  thine  eyes  on  tions  of  Mahomet,  and  the  absurd  notions  re- 
high,  and  behold  who  hath  created  diese  orbs."  specting  the  creation  contained  in  the  sacred 
**  Remember  that  thou  magnify  his  works  books  of  the  Hindoos,  which  assert  that  die 
which  men  behold.'*  **  Great  and  marvellous  universe  oonsiste  of  seven  heavens  and  seven 
are  thy  works,  Lord  God  Almighty!  Thy  worlds,  which  are  all  at  a  future  period  to  be 
saints  shall  speak  of  the  glory  of  thy  kingdom  absorbed  into  God ;  with  many  ottier  absnidi- 
and  talk  of  thy  power,  to  make  known  to  the  ties.  In  opposition  to  all  such  foolish  and  ab* 
sons  of  men  thy  mighty  operations  and  the  surd  opinions,  the  inspired  writings,  when 
glorious  majesty  of  thy  kingdom."  properly  understood,  and  rationally  interpreted 
8.  The  Christian  revelation,  throughout  all  according  to  the  rules  of  just  criticism,  are 
its  departments,  is  not  only  consistent  with  uniformly  found  to  be  perfectly  comnstent  with 
the  views  we  have  taken  of  the  universe,  but  the  discoveries  of  science,  and  the  fiicte  which 
afibrds  direct  evidence  of  the  magnificence  of  are  found  to  exist  in  the  system  of  the  uni- 
creation,  and  of  the  myriads  of  beings  with  verse ;  and  this  correspondence  and  har- 
whieh  it  is  peopled.  Of  this  position  we  have  mony  ought  to  be  considered  as  a  strong  pr»* 
exhibited  some  proofs  in  the  remarks  and  illus-  sumptive  evidence  that  die  revelations  of 
trations  contained  in  Chapter  XVII.,  which  Scripture  and  the  scenes  of  the  material  oni- 
show  at  the  same  time  the  harmony  which  vers^  proceed  from  the  same  All-wise  and 
subsists  between  the  discoveries  of  revelation  Omnipotent  Author. 


CHAPTER  XX. 
On  ChmeU* 


As  this  dasB  of  the  celestial  bodies  forms  a  has  the  appearance  of  luminous  hair.  Tlis 
part  of  the  solar  system,  it  might  have  been  luminous  point  near  the  centre  of  a  comet, 
more  appropriate  to  have  introduced  the  subject  which  is  the  most  brilliant,  is  called  die  nii- 
into  our  volume  entided,  "Celestial  Scenery,"  cleu$»  The  haze  or  nebulosity  which  sar> 
which  has  for  ito  principal  object  a  description  rounds  the  nucleus  is  called  the  hair,  and 
of  the  bodies  connected  with  inat  system;  sometimes  the  en«eibpe /  andthenucleasand 
but  as  that  work  swelled  to  a  greater  siae  than  hair  combined  constitute  what  is  usually 
was  at  first  foreseen,  it  was  judged  expedient  termed  the  head  of  the  comet.  The  lumi- 
to  postpone  the  conoderation  of  comete  to  the  nous  train,  extending  sometimes  to  a  great 
present  volume*  As  our  knowledge  of  these  distance  iirom  the  head,  is  called  the  tail  of  the 
bodies,  however,  is  very  limited,  and  no  dia-  comet.  These  bodies  have  occasionally  ap- 
eoveries  have  yet  been  made  which  might  lead  peared  in  the  heavens  in  all  ages.  The  an- 
as to  form  a  decisive  opinion  of  their  nature  cients  were  divided  in  their  opinion  respect- 
and  destination,  I  shall  content  myself  with  ingthem;  some  considering  them  as  wander- 
giving  a  brief  detail  of  some  of  the  leading  ing  stars;  others,  as  meteors  kindled  in  the 
StiCia  which  have  been  ascertained  respecting  atmosphere  of  the  earth,  subsisting  for  a  time, 
them.  and  then  dissipated ;  and  others  viewed  tbem 

The  word  comet  literally  signifies  a  hairy  as  prodigies  indicating  wars,  Amines,  inun- 

ttar/  because  such  bodies  are  generally  ao-  dations,  or  pestilences.    Aristode,  who  be- 

•oinpanied  with  a  nebulosity,  or  train,  which  lieved  that  the  heavens  were  inconuptibte  and 
(676) 
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VBcfaaiigeable,  maintained  that  comets  were  made  its  appearance  towards  flie  close  of  the 
generated  when  they  first  made  their  appear-  year  1680,  and  which  was  particularly  ob- 
ince,  and  were  destroyed  when  they  ceased  served  by  most  of  the  astronomers  of  Europe, 
to  be  visible,  and  consequently  that  they  could  This  comet,  according  to  the  accounts  given 
not  be  reckoned  to  belong  to  the  heavenly  bo-  by  the  astronomers  of  that  period,  appeared 
dies,  but  were  only  meteors  or  exhalations  to  descend  from  the  distant  regions  of  wpaoe 
railed  mto  the  upper  regions  of  the  air,  where  with  a  prodigious  velocity,  ahnost  perpen- 
they  blazed  for  a  while,  and  disappeared  when  dicular  to  the  sun,  and  ascended  again  in  the 
the  matter  of  which  they  were  formed  was  same  manner  from  that  luminary  with  a  velo- 
coDsomed.  And  as  the  opinions  of  this  an-  city  retarded  as  it  had  before  been  accelerated, 
dent  sage  had  a  powerfril  influence  on  the  It  was  observed,  particularly  at  Paris  and 
philosophers  and  astronomers  of  later  times^ —  Greenwich,  by  Caasini  and  Flamstead,  by 
as  his  assertions  were  frequently  regarded  as  whom  it  was  seeii  in  the  morning  from  the 
little  short  of  demonstrations^— fisw  persons  4th  to  the  25th  of  November,  1680,  in  its 
had  the  boldness  and  independency  of  mind  to  descent  towards  the  sun ;  and  after  it  had 
call  in  question  the  positions  he  maintained  passed  its  penhtUon,^  in  the  evening,  from 
on  any  subject  discussed  in  his  writings.  the  12th  of  December  to  tiie  9th  of  Marx^h, 

It  was  not  before  the  time  of  the  celebrated    1681.    The  many  exact  observations  made 
astronomer,  Tycho  Brahe,  that  the  nature  of    on  this  comet  envied  Sir  I.  Newton  to  dis- 
comets  began  to  be  a  little  understood,  and  cover  that  so  much  of  its  orbit  as  conid  be 
that  they  were  considered  as  moving  in  the  traced  by  the  motion  of  the  comet,  while  it 
phnetary  regions.   This  astronomer  observed  was  visible,  was,  as  to  sense,  a  parabola,  hav- 
witfa  great  diligence  the  &mous  c<>met  which  ing  the  sun  in  its  focus,  and  that  it  was  one 
appeared  in  1577;  and,  from  many  accurate  and  the  same  comet  that  was  seen  all  that 
observations  during  the  time  of  its  appeaianoey  time.    This  comet  was  remarkable  fixr  its 
fixind  that  it  had  no  sensible  diurnal  parallax,  very  near  approach  to  the  sua.     At    its 
and  therefore  was  not  only  frur  above  the  limits  perihelion,  it  was  not  above  a  sixth  part  of 
of  our  atmosphere,  but  beyond  the  orbit  of  the  the  sun's  diameter  from  its  surface ;  that  is, 
moon  itBel£  Its  motions  were  likewise  particu-  about  146,000  miles  from  the  surfrice  of  that 
larlj  observed  by  Hagedus,  at  Prague,  in  Bohe-  luminary,  and  584,000  from  its  centre.    Ac- 
mia,  at  the  same  time  that  they  were  observed  by  cording  to  Sir  Isaac  Newton,  the  velocity  of 
Tycho,  at  Uraniburg.    These  two  places  dif-   this  comet  when  nearest  the  sun  was  880,000 
fer  six  degrees  in  latitude,  and  are  nearly  un-   miles  an  hour.    On  taking  its  perihelion  dis- 
der  the  same  meridian,  and  both  messured   tanoe,  as  given  by  M.  Pingre,  Mr.  Squire 
the  distance  of  the  comet  from  the  same  star,  found,  by  two  diflerent  calculations,  that  its 
which  was  in  the  same  verticle  circle  with  the  velocity  in  its  perihelion  Vas  no  less  than 
comet;  yet  both  observers  found  their  dia-   1,240,000  miles  an  hour!    Tins  velocity  was 
tanoes  the  same,  and  consequently  they  both  so  great  that,  if  continued,  it  would  have 
mred  the  comet  in  the  same  point  of  the  carried  it  through  124  degrees  in  an  hour; 
heavens^  which  could  not  have  happened  un-  but  its  actual  hourly  motion  during  that  in- 
less  the  comet  bad  been  in  a  higher  region  terval,  before  and  afrer  it  passed  the  perihelion, 
than  the  mooiu    After  T^cho,  Kepler  had  an  was  81  degrees,  47  minutes.    At  this  period, 
oppoftonity  of  making  obalrvations  on  the  the  diameter  of  the  sun,  as  seen  from  the 
comets  which  appeared  in  1607  and  1618,  comet,  most  have  subtended  an  angle  of  more 
and  from  all  his  observations  he  dednoed  this  than  a  hundred  degrees,  which  must  nearly 
conclusion,  "  that  comets  move  freely  through  have  filled  its  whole  hemisphere, 
the  planetary  orbs."  From  this  period  comets       From  Dr.  Halley's  determination  of  its 
begui  to  be  more  accurately  observed,  and  to  orbit,  it  appears  that  when  in  its  aphelion,  or 
be  considered  as  constituent  parts  of  the  solar  greatest  distance  from  the  sun,  it  caimot  be 
■fstem ;  snd  at  length  the  illustrious  Newton  less  than  13,000,000,000,  or  thirteen  thousand 
demonstrated  that  their  motions  are  performed   millions  of  miles  distant  from  that  luminary ; 
in  long  allipoes,  having  the  sun  in  one  of  their  that  is,  seven  times  the  distance  of  Uranus. 
fxL  According  to  the  same  astronomer,.this  comet, 

Before  proceeding  to  inquire  into  the  na-  in  passing  through  its  southern  node,  came 
tore  and  physical  constitution  of  these  bodies,  within  the  length  of  the  sun's  semi-diameter 
I  shall  present  the  reader  with  of  the  orbit  of  the  earth,  that  is,  within  440,000 

J  t_,»  ^  1^  T    ^ji    1--^        ^  At.        ^        miles;  and  he  remarks,  "had  the  earth  been 
A  brief  thOek  of  ike  history  of  ike  moH  re- 

markabk  Comets  wkiek  have  appeared  in     ^  _      _^^  «     .  *u  .     .    *    ..      v..  * 
miw^M^M  ^  •  ^^  *  The  p9rih«lhn  Is  that  point  in  th«  orbit  of  an| 

moaern  itmes*  planet  or  eomet  which  is  nearest  to  the  sun.   It  is 

0«e  of  a.  mo#  wm«faWe  comete  wbich  Xt'tll.'^bi'^ir.StfluSi.'SjSS^''.''''' 
iue  ai^ieared  m  modem  tuoes  is  that  which  caUed,  also,  the  JkyAer  aftU, 

Sl2  ^f^ 
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then  ill  that  port  of  its  oibit  neaiett  that  node  part  of  the  year  1758.  Ai  this  wu  fht  tfnl 
of  the  comet,  their  mutual  gravitation  must  comet  whose  return  had  been  predicted,  whec 
have  caused  a  change  in  the  plane  of  the  the  time  ofitB  expected  appearance  approadied, 
earth's  orbit,  and  in  the  length  of  our  year ;  astronomers  became  anxious  to  asoertsin 
and  if  so  laige  a  body  with  so  rapid  a  motion  whether  the  attraction  of  the  larger  planeti^ 
were  to  strike  the  earth,  a  thing  by  no  means  Jupiter  and  Saturn,  might  not  interiere  with 
impossible,  the  shock  might  reduce  this  beauti-  its  oxbitual  motion,  and  prevent  it  from  airiT- 
All  frame  to  its  original  chaos."  Modem  ob-  ing  at  its  perihelion  so  soon  as  the  time  pre- 
servations, however,  render  such  deductions  dieted.  Clairaut,  an  eminent  French  mathe* 
somewhat  improbable.-  The  period  of  this  matician,  after  many  intricate  and  laborious 
comet  is  supposed  to  be  about  575  years.  It  calculations  in  reference  to  the  subject,  con- 
is  conjectured  that  it  is  the  same  comet  which  eluded  that  the  attraction  of  Saturn  would 
appeared  in  1106,  in  the  reign  of  Heniy  I.,  lengthen  the  period  100  days,  and  the  action 
that  was  seen  during  the  consulate  of  Lam-  of  Jupiter  618,  making  in  all  616  days,  by 
padius  and  Orestes,  about  the  year  531,  and  which  the  expected  return  would  happen 
in  the  forty-fourth  year  before  Christ,  in  which  later  than  if  no  such  influence  had  taken 
year  Julius  Cssarwas  murdered.  Its  nucleus  place ;  so  that  instead  of  the  period  being  74 
was  computed  to  be  about  ten  times  as  large  years,  323  days,  it  ought  to  be  76  yean,  211 
as  the  moon.  Its  tail  extended  over  a  apace  days ;  and  as  the  comet  passed  its  perihelion 
of  seventy  degrees  in  extent  on  September  14,  1682,  it  ought  to  reach  the 

This  is  the  comet,  to  the  near  approach  of  same  point  on  April  13,  1759.  These  cal- 
which  to  the  earth,  Mr.  Whiston  attributed  culations  were  read  before  the  Academy  of 
the  untversal  deluge  in  the  time  of  Noah.  Sciences,  on  the  I4th  of  November,  1758; 
His  opinion  was,  that  the  earth,  passing  but  Clairaut  gave  notice  that,  being  presaed 
through  the  atmosphere  of  the  comet,  attracted  for  time,  he  had  neglected  in  his  calculations 
from  it  a  great  part  of  the  water  of  the  flood ;  small  values,  which  collectively  might  amount 
that  the  neameas  of  the  comet  raised  a  great  to  about  thirty  days  in  the  seventy-eix  years, 
tide  in  the  subterranean  waters ;  that  this  These  predictions  were  accordingly  verified, 
could  not  be  done  without  making  fissures  for  the  comet  appeared  about  the  end  of  De* 
or  cracks  in  the  outer  crust  of  the  earth ;  that  cember,  1758,  and  arrived  at  its  perihelion  oo 
through  these  fusnres  the  subterraneous  waters  the  Idth  of  March,  1 759,  only  thirty  days  be- 
were  forced ;  that  along  with  the  water  much  fore  the  time  fixed  by  the  calculations  of 
slime  or  mud  would  rise,  which,  afier  the  Clairaut,  who,  upon  repeating  the  process  by 
subsiding  of  the  water  partly  into  the  fissures  which  he  had  arrived  at  the  result,  reduced 
and  partly  into  the  lower  parts  of  the  earth  to  this  error  to  nineteen  days.  The  same  comet 
form  the  sea,  would  cover  over  to  a  consider-  again  made  its  appearance,  according  to  pre- 
able  depth  the  antediluvian  earth ;  and  thus  diction,  in  1835,  of  which  a  particular  aocoont 
he  accounts  fi>r  trees  and  bones  of  animals  will  be  given  in  the  sequeL 
being  found  at  very  great  depths  in  the  earth.  8.  Another  remarkable  comet  made  its  ap- 
The  same  comet,  he  supposed,  when  coming  pearance  in  1744,  which  excited  a  consider- 
near  the  earth  afier  being  heated  to  an  im-  able  degree  of  attention.  It  was  first  seen  at 
mense  degree  in  its  perihelion,  would  be  the  Lausanne,  in  Switxeriand,  December  13, 
instrumental  cause  of  that  great  catastrophe,  1743 ;  from  thatfteriod  it  increased  in  brig^t- 
the  general  conflagration.  Modem  geological  ness  and  magnitude  as  it  approached  nearer 
researches,  however,  render  all  such  hypo-  the  sun.  On  the  evening  of  January  83, 
theses  utterly  untenable.  1744,  it  appeared  exceedingly  bright  and  dis- 

2.  Another  comet  which  has  obtained  a  tinct,  and  the  diameter  of  its  nucleos  was 

certain  degree  of  celebrity  is  that  which  ap-  nearly  equal  to  that  of  Jupiter.    Its  tail  then 

peered  in  1682,  and  is  usually  distinguished  extended  above  16  degrees  from  its  body,  and 

by  the  name  oS  HaUetPs  comet.    This  comet  was  supposed  to  be  about  23  millions  of  miles 

appeared  with  considerable  splendour,  and  in  leiig^     On  the  11th  of  February,  the 

exhibited  a  tail  thirty  degrees  in  length.    On  nucleus,  which  had  before  been  always  round, 

calculating  its  elements  from  its  perihelion  appeared  oblong  in  the  direction  of  the  tail 

passage.  Dr.  Halley  was  led  to  conclude  that  and  seemed  divided  into  two  pails  by  a  black 

it  was  identical  with  the  great  comets  which  stroke  in  the  middle.    One  of  the  parts  had  a 

appeared  in  1456,  1531,  and  1607,  whose  sort  of  beard,  brighter  than  the  tail;  this 

elements  he  had  also  ascertained.    The  in-  beard  was  surrounded  by  two  aneqfoal  dark 

tervala   between  these  periods  being  about  strokes,  that  separated  the  beard  from  the  hair 

seventy-five  or  seventy-six  years,  he  was  led  of  the  comet;  these  odd  phenomena  diaa|K 

to  conclude  that  this  was  *&e  period  of  the  peared  the  nett  day,  and  nothing  was  seen 

revolution  of  the  comet,  and  ventured  to  pr&*  but  irregular  obscure  spaces  like  smoke  in 

diet  that  it  would  again  return  about  the  latter  the  middle  of  the  taiL  and  the  head  naamed 
(678) 
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itf  PAtural  form.    On  the  15th  of  Fcbroaiy,  atmospheres  which  clistingfuidh  them  firom  all 

die  tail  was  divided  into  two  branches,  the  the  other  phinets.     Whether  any  of  these 

etstern  about  8  degrees  long,  the  western  24^  opinions  be  tenable  and  sufficient  to  solve  the 

On  the  33d  the  tail  began  to  be  bent     It  difficulty,  is  left  entirely  with  the  reader  to 

showed  no  tiul  till  it  was  as  near  the  sun  as  determine. 

the  orbit  of  Mars,  and  it  increased  in  length  6.  Another  comet,  which  has  engaged  the 

as  it  approached  nearer  that  luminaiy.     At  particular  attention  of  astronomers  during  the 

its  greatest  length,  it  was  computed  to  equal  last  twenty  years,  it*  distinguished  from  all 

a  thkd  part  of  the  distance  of  the  earth  from  preceding  comets  by  the  thortruss  of  its  />f- 

the  sun.*    This  was  one  of  tho  most  brilli^t  riodic  revolution.    It  is  usually  denominated 

comets  that  had  appeared  since  that  of  1680.  Eneke'a    comet,  so    called    from    Professor 

Its  tail  was  visible  for  a  long  time  after  its  Encke,  of  Berlin,  who  first  ascertamed  its  pe- 

body  was  hid  under  the  horizon :  it  extended  riodical  return.    It  was  discovered  at  Mar- 

20  or  80  degrees  above  the  horizon,  two  hours  seilles,  on  the  26th  November,  1818,  by  M. 

before  sunrise.  Pons,  and  its  parabolic  elements  were  pre- 

4.  In  the  month  of  June,  1770,  Messier  sented  to  the  Board  of  Longitude,  at  Paris, 

discovered  a  comet,  the  motions  of  which  ap-  by  M.  Bouvard,  on  the  13th  of  January,  1819. 

pear  to  be  involved  in  a  considerable  degree  It  was  immediately  remarked  that  the  result 

of  loysteiy.    The  comet  continued  visible  for  of  Bouvard's  calculations  was  too  simHar  to 

a  long  time.    Lexell  ascertained,  from  ob-  the  elements  of  a  comet  which  appeared  in 

senration,  that  it  described  an  ellipse  around  1805,  not  to  consider  that  and  the  one  of  1818 

the  sun,  of  which  the  greater  axis  waJs  only  as  the  same  body ;  and  M.  Encke  soon  after 

three  times  the  diameter  of  the  earth's  orbit,  established,  by  incontestable  calculations,  that 

which  corresponds  with  a  revolution  of  5  J  this  comet  took  only  about  1200  days,  or  three 

years.     It  was  therefore  expected  that  it  years  and  three-tenths,  to  travel  through  the 

wouk]  again  frequently  make  its  appearance ;  whole  extent  of  its  elliptic  orbit    This  was 

but  it  has  never  since  been  visible,  although  considered  as  a  very  extraordinary  result,  as 

it  made  a  pretty  brilliant  appearance  in  1770.  an  opinion  had  previously  prevailed  that  the 

The  National  Institute  of  France,  not  many  period  of  a  revolution  of  a  comet  must  ruscea^ 

years  ago,  requested  M.  Burckhardt  to  repeat  sarily  be  long.    It  now  appears  that  this 

all  the  calculations  with  the  utmost  core ;  and  comet  was  first  seen  by  Messier  and  Mechain 

the  result  of  liis  labour  has  been  a  complete  in   1786;  afterwards  by  Miss  Herschel  in 

confirmation   of   the  elements  obtained  by  1795;  and  its  subsequent  returns  were  ob- 

Lexell.     What  has  become  of  this  comet  it  served  by  difierent  astronomers  in  1805  and 

is  difiicuH  to  conjecture.     Its  aphelion,  or  1819,  all  of  whom,  at  those  periods,  supposed 

greatest  distance  from  the  sun,  was  reckoned  that  the  four  comers  were  four  diflerent  bodies. 

to  be  not  far  beyond  the  orbit  oi  Jupiter,  and  The  elements  of  this  comet,  and  the  diort 

that  it  approached  as  near  to  the  earth  as  the  period  of  its  revolution,  are  now  incontrover- 

moon,  and  ought  to  have  appeared  twelve  tibly  established ;  for  its  reappearance  in  the 

times  sbce  the  year  1770.    M.  Arago  at-  southern  hemisphere  in  Jun^,'  lld^2,  took 

tempts  to  solve  the  difficulty  by  affirming  that  place  veiy  nearly  in  the  position^'  previously 

its  orbit  was  then  totally  difierent  from  that  calculated.    The  agreement  wais  ridt  less  re- 

'hichit  has  since  pursued  9  that  its  passage  markable  in  1825;  and  in  18id,  the  third 

to  the  point  of  perihelion  in  1776,  when  it  period  of  its  announced  return,  it  occupied  the 

was  expected,  took  place  by  day,  and  before  places  assigned  to  n  by  Eheke  the  year  pre- 

the  following  return,  the  form  of  tiie  orbit  was  ceding.    It  likewiiie  appeared  in  1832,  1835, 

so  altered  that  had  the  comet  been  visible  firom  and  1838. 

the  earth,  it  would  not  have  been  recognized ;  This  comet  is  very  small ;  its  light  is  feeble ; 

that  before  1767,  during  the  whole  progress  it  has  no  tail ;  it  is  invisible  to  the  naked  eye, 

of  its  revolutions,  its  shortest  distance  from  ^except  in  very  favourable  circumstances,  but 

the  sun  was  199,000,000  leagues,  and  that  may  be  seen  with  a  small  magnifying  power, 

ailer  1779,  the  minimum  distance   became  It  revolves  in  an  elliptical  orbit  of  considerable 

131.000,000  leagues,  which  was  still  too  fiur  eccentricity,  having  an  inclination  to  the  plane 

removed  for  the  comet  to  be  perceptible  from  of  the  elliptic  of  ld|  degrees.    On  comparing 

the  earth.    Sir  David  Brewster  attempts  to  the  intervals  between  the  successive  periho- 

acoount  for  its  disappearance  by  supposing  lion  passages  of  this  comet,  a  singular  feet 

that  it  must  have  been  attracted  by  one  of  the  has  been  elicited,  namely,  that  its  periods  are 

planets  whose  orbit  it  crossed,  and  must  have  continually  diminishing,  and  its  mean  dis- 

imparted  toit  its.nebulous  mass;  and  that  it  tance  from  the  sun  shortcuing  by  slow  but 

is  probable  the  comet  passed  near  Ceres  and  regular  degrees.    This  is  supposed  by  M. 

Pallts,  and  imparted  to  them  those  immense  Encke  to  be  produced  by  a  resistance  expe> 

♦  Memoifs  of  the  Academy  of  Sciences  fof  1744.  rienced  by  the  comet  from  a  very  rare  eChfr 
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leai  madium  penrading  the  regions  through  terrora,*'  he  observed,  **  an  prodnotrfe  of  «b 
which  it  movee ;  sinoe  such  resistance,  by  ous  consequences.  Several  memben  of  tns 
diminishing  its  actual  velocity,  would  dimini^  Academy  may  still  remember  the  aoddeDti 
alio  its  oentriAigal  force,  and  thus  give  the  and  disoirderB  which  followed  a  similar  thniBt, 
son  more  power  over  it  to  draw  it  nearer.  It  imprudently  communicated  to  the  Academy 
ia  therefore  the  opinion  of  Sir  J.  Herschel,  by  M.  de  Lalande,  in  May,  1773.  Fersom 
that  **  it  will  probably  fall  ultimately  into  the  of  weak  mind  died  of  fiight,  and  women  mi** 
sun,  should  it  not  iiiipt  be  dissipated  altogether,  carried.  There  were  not  wanting  people  who 
a  thing  no  way  improbable,  when  the  light-  knew  too  well  the  art  of  turning  to  their  ad- 
ness  of  its  materials  is  considered,  and  which  vantage  the  alarm  inspired  by  the  approach- 
seems  authorized  by  the  observed  fact  of  its  ing'  comet,  and  places  in  paradisi  were  M 
having  been  less  and  less  conspicuous  at  each  at  a  very  high  rate.  The  announcement  of 
reappearance."  The  acceleration  of  this  the  comet  of  1832  may  produce  similar  eflecti, 
comet  IB  about  two  days  in  each  revolution ;  unless  the  authority  of  the  Academy  applj  a 
and  the  firequent  opportunities  of  observation  prompt  remedy ;  and  this  salutary  intervea- 
which  will  occur,  in  ccmseqoence  of  the  short-  tion  is  at  this  moment  implored  by  many  be- 
nesB  of  its  period,  may  lead  to  new  and  into-  nevolent  persons."  It  was  supposed  by  some, 
resting  conclusions  in  relation  to  the  nature  of  that  if  any  disturbing  cause  ^ould  delay  the 
these  bodies.  arrival  of  the  comet  for  one  noonth,  the  esith 

6.  Besides  the  above,  another  periodical  must  pass  directly  through  its  head, 
comet  has  lately  been  diKovered,  which  is       In  order  to  dispel  such  fears,  and  to  inns' 

distinguished  by  the  name  of  Biela*a  and  trate  the  nature  of  these  bodies,  M.  An^ 

sometimes   Gambarfa  comet.    This    comet  published  an  excellent  and  popular  treatiie 

was  perceived  at  Johanisberg,  on  the  27th  Feb.  on  comets  in  the  **  Annvaire    of  1832.    He 

1826,  by  M.  Biela ;  and  l^  M.  Gambart,  at  showed  that  the  result  of  the  calcuhtion  wai^ 

Marseilles,  ten   days   afterwards.     Gambart,  that  the  passage  of  the  comet  ought  to  pro- 

without  del^,  calculated  its  parabolic  ele-  oeed  a  little  unthin  our  orbit,  and  at  a  d»- 

ments  fram  his  own  observations,  and  by  in-  tance  from  that  curve,  which  is  equal  Xofour 

specting  a  general  table  of  comets,  he  zecog-  terrestrial  radii  and  two4hirdSj  or  about 

nized  that  it  was  not  its  first  appearance,  but  37,000   mUes ;    that  on   the   29th  October, 

that  it  had  been  already  observed  in  1789.  1832,  a  portion  of  the  eartJCs  orbit  might  be 

and  1795.     Messrs.  Clausen  and  Gambart  included  within  the  nebulosity  of  the  comet; 

undertook  the  computation  of  the  comet's  re-  but  that  the  earth  would  not  arrive  at  the 

volution,  and  found,  each  of  them  nearly  at  same  point  of  its  orbit  till  the  moming  of  the 

the  same  time,  that  the  new  comet  made  its  30th  November,  or  more  than  a  month  af^- 

entire  revolution  round  the  sun  in  a  period  of  wards ;  and  consequently  that  the  earth  would 

about  seven  years.    It  was  afterwards  found,  be  more   than  twenty  millions  of  Fieach 

more  accurately,  to  be  2460  days,  or  nearly  leagues  (or  fifty  millions  of  British  miles) 

6}  years.    M.  Damoiseau  calculated  the  per-  distant  from  the  comet     He  adds,  that  "if 

turbations  of  this  comet,  and  predicted  that  it  the  comet,  instead  of  crossing  the  ptene  of  the 

would  cross  the  plane  of  the  earth's  orbit  on  ecliptic  on  the  29th  October,  had  not  arrived 

the  29th  of  .October,  1832,  a  little  before  there  till  the  moming  of  the  SOth  November, 

midnight,  at  a  point  about  18,480  miles  it  would  have  undoubtedly  mingled  its  atmo- 

within  the  orbit  of  the  earth.    According  to  sphere  with  ours,  and  perhaps  even  have 

this  prediction,  the  comet  actually  made  its  struck  us  !*'    The  earth  is  conadeied  in  mora 

appearance  in  1832  about  the  time  now  spe-  danger,  if  danger  there  be,  from  this  comet 

afied.    Its  next  appearance  was  calculated  to  and  that  of  Encke  than  from  any  other, 

happen  in  1839 ;  and  it  was  reckoned  that  it  Encke's  comet  crosses  the  orbit  of  the  earth 

would  arrive  at  its  perihelion  on  the  23d  July  sixty  times  in  the  course  of  a  centuxyy  and 

of  that  year.  there  is  certainly  9l  possibility  that  it  might 

The  predicted  appearance  of  this  comet  in  come  into  collision  with  the  earth,  but  the 

1832  seems  to  have  produced  considerable  probability  of  its  doing  so  is  very  small;  and, 

alarm,  particulariy  in  France.    Some  German  besides,  this  comet  and  that  of  Gambart  aze 

journalists  predicted  diat  it  would  cross  the  so  extremely  rare,  that  little  danger  is  to  be 

earth's  orbit  near  the  point  at  which  the  earth  apprehended,  even  although  a  contact  were 

would  be  at  the  time,  and  cause  the  destruc-  to  take  place.    Gambait*s  is  a  small,  insigni- 

tion  of  our  globe.    Such  was  the  degree  of  ficant  comet,  without  a  tail,  or  any  appeal^ 

alarm   excited    on    this    occasion,  that  M.  ance  whatever  of  a  solid  nucleus,  and  is  not 

G  *  *  *,  a  Professor  in  Paris,  put  the  ques-  distinguishable  by  the  naked  eye. 
tion  to  the  Academy  of  Sciences,  whether  it       7.  The  Comet  of  1807.  This  was  the  fiirt 

did  not  feel  itself  bound  in  duty  to  refute,  as  comet  on  which  I  had  an  opportonitj  of 

%Medily  as  possible,  this  assertion.  **  Popular  making  observations.    My  first  observatioa 
(«80) 
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on  Hie  etennig  of  October  the  8th,  1807,    able  deniity;  the  diameter  of  its  coma,  120,000 
a  Kttle  after  sttneet,  when  it  appeared  in  a   miles,  but  liable  at  dififerent  times,  to  Taii*- 
north-westerly  direction,  not  far  distant  from   tions  of  increase  and  decrease ;  and  its  rate 
Aictnras,  which  was  then  only  a  little  above    of  motion,  at  certain  periods,  1,333,380  miles 
the  horizon.    To  th^  naked  eye  it  appeared   a  day,  or  55,567  miles  an  hour«    Its  tail  was 
■mnewhat  like  a  dim  nebulous  star  of  the   dividod  in  a  very  unusual  manner  into  two 
second  magnitude,  with  a  beam  of  light  on   separate  branches;  the  north  side   continued 
one  side  of  it    Through  a  telescope,  its  tail   much  brighter  and  better  defined  than  the 
presented  a  pretty  brilliant  appearance,  and   other,  and  was  also  invBriably  convex,  while 
occupied  a  space  of  considerably  mora  than  a   the  other  side  was  concave.    But  what  was 
degree  in  length.    The  coma  seemed  to  have   deemed  most  remariLable  was  the  variation  in 
a  roundish,  but  dim  and  undefined  appear-   length  and  the  eoruscations  of  the  tail.  Some- 
atioe,  and  appeared  more  indistinct  as  the   thing  like  coruscation  had  been  observed  by 
magnifying   power    was  increased.     When   the  naked  eye  in  the  case  of  preceding  comets, 
viewed  with  an  achromatic  telescope  of  thirty-   and  such  phenomena  appear  to  have  been 
one  inches  focal  distance,  and  a  power  of    confirmed  by  the  observations  of  Schroeter* 
thirty,  it  presented  a  veiy  distinct  and  beauti-   In  less  than  one  second,  streamers  shot  forth 
fhl  appearance,  and  the  nucleus,  coma,  and   to  two  and  a  half  degrees  in  length ;  they  as 
tail,  nearly  fillcMl  the  field  of  view.     When  a  rapidly  disappeared  and  issued  out  again, 
power  of  sixty  was  applied,  it  was  much  more   sometimes  in  proportions  and  interrupted  like 
indistinct  than  with  the  former  power,  and  in    our  northern  lights.    Afterwards  the  tail  va- 
all  the  subsequent  observations  the  lower   ried  both  in  length  and  breadth,  and  in  some 
power  was  generally  preferred.  In  the  course   of  the  observations,  the  streamers  shot  ftx>m 
of  five  or  six  weeks,  or  about  the  middle  of   the  whole  expanded  end  of  the  tail,  sometimes 
November,  it  disappeared  to  the  naked  eye.   here,  and  sometimes  there,  in  an  instant,  two 
I  traced  it  with  the  telescope,  as  often  as  the   and  a  half  degrees  long,  so  that  witliin  a  sin- 
weather  would  permit,  for  two  or  three  months   gle  second  they  must  have  shot  out  a  distance 
after  it  had  become  invisible  to  the  unassisted   of  4,600,000   miles.    Their  light  was  also 
sight,  and  found  that  its  apparent  motion  was   sometimes  whiter  and  dearer  at  the  end  than 
pretty    rapid,  and    towards    the   north-east   at  the  base,  as  is  occasionally  seen  in  the 
About  the  middle  of  January,  1808,  at  eleven   northern  lights.    Some  have  objected  to  the 
9,  M.,  it  appeared  in  a  direction  north-east  by   extreme  rapidity  of  the   streamers   as  here 
north;  and  at  this  time  it  appeared  through   stated,  but  the  fact  of  coruscaUona  having  been 
the  telescope  like  a  small  nebulous  star,  or   seen  appears  to  be  confirmed  by  the  observe* 
like  those  species  of  comets  called  bearded  tions  of  this  celebrated  tind  accurate  observer* 
cooiets,  having  no  trace  of  any  thing  similar   The  observations  of  Hcrschel  on  this  comet 
to  a  taiL     The  last  time  I  saw  it  was  about   differ  in  some  respects  from  those  of  Schroeter, 
the  end  of  January,  when  it  was  still  distinctly   particularly  in  the  estimate  he  makes  of  the 
visible,   like  a  nebulous    star ;   but  cloudy   size  of  the  nucleus,  which  he  reckons  to  be 
weather  for  nearly  a  fortnight  prevented  any    considerably   smaller  than  what    has   been 
further  observations,  and  I  saw  it  no  more,   stated  above. 

On  the  evening  in  which  I  had  the  last  peep  Fig.  78  is  a  view  of  this  comet  as  seen  on 
of  it,  I  detected  another  comet  within  eight  the  night  of  October  2l6t  by  Schroeter.  Fig. 
or  ten  degrees  of  it,  which  appeared  like  a  79  is  a  view  of  the  same  comet  as  seen  by 
star  of  the  third  magnitude,  and  exhibited  a  Bessel,  October  22d,  at  eight  in  the  evening; 
pietty  brilliant,  appearance  through  the  tele-  both  which  exhibit  its  divided  tail, 
scope.  It  had  no  tail,  like  the  former  comet,  8.  The  most  remariiable  comet  which  has 
but  appeared  surrounded  vrith  radiant  hairs  appeared  in  modem  times,  since  that  of  1680, 
like  the  glory  which  painters  represent  around  was  the  comet  o^  1 8 1 1 .  About  the  beginning 
the  bead  of  our  Saviour.  It  continued  visible  of  September  in  that  year,  about  eight  or  nine 
for  several  weeks ;  but  I  have  not  seen  any  in  the  evening,  as  I  was  taking  a  random 
particular  notices  of  this  second  comet,  or  any  sweep  with  my  telescope  over  the  north-west- 
spedfil  observations  on  it,  which  have  been  em  quarter  of  the  heavens,  an  uncommon 
recorded  ly  astronomers.  object  appeared  to  pass  rapidly  across  the  field 

This  comet  appean  to  have  been  first  no-  of  view,  which  on  examination  appeared  to  be 
tioed  by  Herschel  and  Schroeter  about  the  4th  a  splendid  comet  Not  having  heard  of  the 
of  October,  1807,  who  continued  their  obser-  appearance  of  any  such  body  at  that  time,  I 
▼atkms  upon  it  for  several  months.  Accord-  was  led  to  imagine  that  I  had  fortunately  got 
ing  to  Schroeter's  observations  and  estimates,  the  first  peep  of  this  illustrious  stranger;  bqt 
the  diameter  of  the  nucleus  of  this  comet  was  I  afterwards  learned  from  the  public  prints 
•boot  4600  miles,  or  neariy  the  size  of  the  that  it  had  been  seen  a  day  or  two  before  hf 
ylMirl  Man,  and  appeared  to  be  of  consider-   Mr.  Neitch,  in  the  neighbourhood  of  Kelson 
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who  appean  U>  hm  be#n  the  fin!  th*t  ot>-    peued  with  pecolin  iplendaar,  and  mi  T» 
•nred  it  in  thii  countr;.    Thk  couict  ap-   blc,  <ma  to  the  naked  ejt,  far  taort  tha 

tbrae  moadu  in  no 

Ey>  78>  cearion,    aod    eidlB] 

uiuTpml  attenticn.  Il 


more  opparUnilia  tw 
obHTTatioD  of  iu  pbj^ 
cal  laprct  and  caoitita- 
tion,  and  for  itttnpin- 


rgihe  pbenoiwDi  ind 
.jDotuHU  erf*  Ihb  comet, 
which  were  (opdcwd 
ETtrj  dear  ereniHg  for 
thfl  apace  of  neti^  Gn 
moDtlu.  aameofllm 


with  tiM  Ruaibud 
dedoetiona  coanMtri 
with  thmi,  an  et- 
IreiDelj  inlemtm;  W 
Iha  utrauoimcil  ^ 
aenet ;  but  mj  linili 
will  pennit  tnlr  • 
IQ  italBinent  of  the  gene- 
tal  Teiulta. 

Some  of  the  naoUi 

dednceil  bj  Sdmitta 

an    the    following  s- 

That  the  ceotnl  glut" 

of  ligbt,  01   vhit  he 

ealli  the  hocIfiu.  n> 

11  60,000  milen  in  di»m- 

eter.ornarif  biidIi 

hair  timra  the  diuwtef 

of  the  earth,  whtditw 

deduced  from  the  tana 

frf"  twonlj-aeren  nf^ 

mireroentB,  trhicU  gsye  V  iV  u  the  mean   diatance  eqnaJ  lo  iti  breadth,  and  appcand  » 

angular  diamclor  of  the  body;  that  thia  great    unconnected  aa  the  ring  of  Salum  with  iti 

bod]' wuin  all  probabilitychieSy  fluid,tliough  body,  and  which  aametiDm  B[ipe<rcd  ilvtei 

ita  central  paita  mishl  conaiat  of  denaer  aub-    than  the  open  aky.  The  diameter  of  thia  ail* 

etancea;  and  that  there  naa  reason  to  belicTs   liar  part  of  the  bead  was  34'  lG",aiHbaDtHT.- 

that  it  ahono  nilh  iU  own  natJTo  light.     Ths   0OOmilea,whichiBtiu^eithBii  the  dtametirtir 

coma  waa  eitrenwlj  raieAed  in  compariaon   the  iim,aadwhich  hethinkamoithivetanitd 

with  tlic  nucleua,  reaembling  a  veiy  laint   ■  hollow  cone  around  the  nucleua,  and  which 

whitish  light,  acaltercd  in  aepamte  portiona.    he  tfaon^l  indicated  a  force  of  a  repulsn  na- 

It  waa  divided  into  two  i  one  immediately  en-    ture  rending  in  the  nucleua.     Belw«n  iha 

compaanng  the  nocleua.  the  other  of  ■  more    4th  and   6th  of  December  ■  fcreat  nvoliilioa 

bint  and  grayidi  light,  aweeping  round  it  at    took   place ;    the    nu-e&ed    nebuknt  matlo', 

a  diitance,  and  forming  the  double  tail  which    which  had  for  three  montha  been  ao  ununuBy 

Iha  comet  preaented.  The  train,  or  head  veil,   repelled   from  the  nocleni  on  ereir  aide,  ta 

ta  be  lenna  it,  iwept  annind  the  nucleua,  at  a   a  diitance  of  about  oofr-GlUi  of  the  ^xaOa 
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ti  die  hetdy  or  190,000  wSU/a,  was  again  tmaller  than  what  is  stated  aliove.    He  esti* 

•ttzacted  to  it,  affording  an  incontrovertible  mates  the  maieat  length  of  the  tail,  as  seen 

proof  of  phy8i<»l  action  upon  a  great  scale,  on  the  15m  of  October,  to  have  been  100^ 

anaing  doubtless  from  the  same  causes  which  000,000,  or  a  hundred  millions  of  miles,  which 

produce  the  other  phenomena  of  nature.  The  consequently  extended  over  a  space   larger 

doable  tail  of  this  comet  was  exceeding  faint  than  that  which  intervenes  between  the  eajrth 

compared  with  the  nucleus  and  coma.     On  and  the   sun ;  and  its  breadth^  as  deduced 

the  23d  of  October,  it  extended  fully  eighteen  from  the  observations  of  October  the  1 2th, 

degrees,  notwithstanding  its  oblique  position,  nearly  fifteen  millions  of  miles.  He  calculated 

the  angle  at  the  sun  being  then  61^  23';  at  its  distance  when  nearest  to  the  earth  to  be 

the  earth,  69^  ;  and  at  the  comet,  49^  37'.  about  113  millions  of  miles.     He  concluded 

Had  it  been  viewed  at  right  aufjles,  it  would  that  the  solid  matter  of  the  comet  was  spheri- 

have  subtended  an  angle  of  36°  36',  equiva-  cal,  that  it  shone  in  part  by  its  own  native 

lent  to  more  than  60,000,000  of  miles,  which  light,  and  that  it  probably  had  a  rotation  round 

is  more  than    half  the  distance   from*  the  its  axis.    From  the  most  accurate  observations 

earth  to  the  sun.     Coruscation,  similar  to  of  the  motion  of  this  comet,  its  period  of 

those  which  appeared  in  the  tail  of  the  comet  revolution  has  been  calculated  to  exceed  3000 

of  1807,  were  likewise  pcreeived,  particularly  years.     Besscl  computes  it  at  3333  years ; 

on  October  the  16th,  when  a  small  tail  instan-  and  several  other  astronomers  conceive  its 

taneoualy  appeared,  then  vanished,  and  reap-  period  to  be  considerably  longer,  even  exoeed- 

peared,  which  was  in  length  equal  to  three  ing  4000  years. 

timea  the  diameter  of  the  comet's  head,  or  9.  Reappearance  of  Halley*$   Comet  in 

2^73,000  miles.    Other  displays  of  the  same  1835.     The  return  of  this  comet  was  calcu- 

Idnd  took  place  on  the  7th  of  November  and  lated  by  Messrs.  Damoiseau  and  Pontecoulant; 

the  18th  of  December.    These  focts,  of  the  the  former  of  whom  calculated  its  return  to 

reality  of  which  Schroeter  entertained  not  the  the  perihelion  on  the  4th,  and  the  latter  on 

kaat  doubt,  must  be  considered  as  very  curious  the  7th  of  November,  1835,  and  it  actually 

and  extreordinaTy  phenomena.*  arrived  at  that  point  only  a  few  days  after 

Herachers  observations  nearly  agree  with  these  periods,  namely,  on  the  16th  of  Novem- 

those  of  Schroeter,  excepting  that  he  estimates  her.    It  was  first  seen  on  tlio  continent  in  the 

the  diameter  of  the  nucleus  as  very  much  month  of  August  that  year,  but  does  not  ap- 
pear to  have  been  noticed  in  the  northern 

*  Ravinf  referred,  on  varions  occaaiona,  to  the  parts  of  Britain  till  more  than  a  month  after- 

ojaervaiiona  of  iliat  Indefatigable  aaironomer.  ^^^^      Its  expected   reappearance  excited 

Ins  to  aome  readera  to  inaert  the  account  of  the  umversal  attention  throughout  burope.  Soon 

loMwe  he  auatained  by  the  burning  and  plunder  of  after  the  middle  of  September,  as  I  was  taking 

Jli^r^"^'^* "  cxpreaaed  in  hia  own  pathetic  ^  g^eep  witil  a  two-feet   telescope  over  the 

"  At  length,  after  the  moat  touching  afllictiona  north-eastern  quarter  of  the  heavens,  near  the 

of  aiortallty,  1  once  more  awake  in  my  temple  point  where  I  expected  its  appearance,  I  hap- 

ccmaecrated  to  the  Eternal  Godhead,  and  am  again  p^nej  lo  fix  my  eye  on  tiiis  long-expected  visi- 

able,  after  a  total  derangement  of  my  aflfaira,  to  {^"'^"^y  "*  *"J  i^ju  *#»*  vuw  ts,u^-^^yx^y.^  ^m 

edit  these  collectlona  concerning  the  great  comet  t^r,  which  appeared  very  small  and  obscure, 

of  1811.  Through  the  moat  barbarous  fury,  in  eon-  I  immediately  directed  an  excellent  three  and 

Mqaence  of  an  equally  barbaroua  decialon,  the  ^  half  feet  achromatic  telescope,  witil  a  diago- 

wbole  mnocent  aoft  vale  of  LiUea   [the  aigninca-  ,                                  .- .          i.^  ^i.'__  c 

tion  of  the  name  of  Lilienihal,  where  hia  obaer-  »»!  eye-piece,  magnifying   about  Uiurty-four 

vatory  was  situated]  waa  burnt  to  the  ground,  times,  to  the  comet,  when  it  was  distinctiy 

wjthoat  any  previous  examination.    They  lilce.  geen,  and  appeared  of  a  considerable  diameter, 

wiae  burnt  down  the  royal  government  buildingi.  .    .   \  .„       *^*^  ual             jv               ta 

I  lofi  my  whole  movable   property,  and,  what  ^'  ^i^  somewhat  hazy  and  obscure.     I  after- 

waa  moat  eenaibly  felt  by  me,  amongat  It,  with  a  wards    applied  a  power  of  forty-five,  and 

e»naiderable  loaa  alaotothe  bookaellera  of  En-  anotiier  of  nihety-five ;  but  it  was  seen  most 

rope,  the  sole  copy  of  the  whole  of  my  works  and  j._4.     .,       •»!.  *l    i                        ixr-AU    •     *_ 

writings  depoaited  in   the    government  houae.  dwtinctiy  wiUi  Oie  lower  power.  WiUi  nmety- 

Bven  my  obaervatory  preaerved  by  Providence  five  it  appeared  extremely  obscure,  and  nearly 

from  the  fire,  waa  a  few  days  afterwarda  broken  of  tiie  apparent  size  of  the  moon.f     There 

into,  plundered,  and  ahamoftiUy  thrown  into  con-  S"^  «i.>    ..•            ..u*       n      ^  •!   u.  « 

rhaion  bv  demollahing  the  clocka.  breaking  off  the  appeared  at  this  time  notiimg  hke  a  tail,  but 

flndera  Irom  the  inatrumenta,  and  carrying  off  the  .„.--  tKi«-  u  .»  ^r.irAna<i  «pitk  m^  thA*  ».»  ak_ 

dually  become  ao  very  rtraitened,  I  waa  oblfged  ^  *^'  '»*«  *"**  "^Joh  in«oNYM  8cBaoBTEa  •• 

to  forego  all  but  the  moat  neccaaary  outlaya.  and  .,  TUim^thja  A.  5ft.  isia  •»      ochhobtbe. 

to  giro  mywlf  up  to  a  acientiflc  alumber.    Under  i«w»«*«.  Jan- ».  «"• 

the  endurance  of  thoae  troublea  all  my  acientiflc  Schroeter  did  not  long  survive  the  calamity  al* 

patrona  and  frienda  will  doubtleaa,  aa  far  aa  poa-  luded  to  above,    lie  died  on  the  S9ih  of  Auguaty 

aible,  cxcuae  me,  if  through  melancholy,  and  on  1816,  in  the  71ft  year  of  hia  age. 

account  of  the  extraordinary  high  rate  of  poatage,  f  In  viewing  cometa,  teleacopea  with  large  aper* 

I  have  been  compelled  to  put  out  of  aight  aomany  turea  and  comparatively  tow  magnifying  powers 

ebligationa  of  courteay ;  for.  to.  the  .preaent  tims  ahould  generally  bs  uaed,  aa  the  ihint  light  Soattf* 
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the  oentral  put  was  much  mon  laminoai  "The  influenoe  ot  theetfaeieal 

than  the  other  poitioiif  of  the  cmnet,  and  pre-  the  motiaii  of  Halley'e  comet  will  be  knom 

•ented  something  like  the  appearance  of  a  star  after  another  revolution,  and  future  astroixh 

of  the  thin)  or  fourth  magnitude  aunounded  mers  will  learn,  by  the  accuracy  of  iti  retonM^ 

with  a  haze.    In  some  of  the  views  I  took  of  whether  it  has  met  with  any  unknown  nun 

this  object,  the  luminous  part  or  nucleus  ap-  of  distuibance  in  its  distant  journey.    Uiidi» 

peered  to  be  considerably  nearer  one  side  than  covered  planets  beyond  the  visible  bonndny 

another.    At  this  period,  and  for  a  week  or  of  our  system  may  change  its  path  and  the 

ten  days  afterwards,  the  comet  was  altogether  period  of  its  revolution,  and  thus  may  uidincUy 

invisible  to  the  naked  eye.     Many  subsequent  reveal  to  us  their  existence,  and  even  their 

observations  were  made,  and  published  in  the  physical  nature  and  orbit    The  secrets  of  tht 

provincial  newspapers,  but  which  my  present  yet  more  distant  heavens  may  be  disclosed  to 

limits  prevent  me  from  inserting.  future  generations  by  comets  which  penetnte 

After  the  comet  became  visible  to  the  naked  still  further  into  space,  such  as  that  of  1768, 

eye,  the  tail  began  to  appear,  and  increased  in  which,  if  any  fiuth  may  be  placed  in  the  co» 

length  as  it  approached  its  perihelion,  and  at  putation,  goes  nearly  43  times  further  fron 

its  utmost  extent  was  estimated  to  be  above  the  sun  than  Halley'a  does,  and  shows  Ifait 

thirty  degrees  in  length.    On  the  13th  of  Oo-  the  8un*s  attraction  is  poweiful  enough  at  the 

tober,  according  to  the  observations  of  Arago,  distance  of  144,600  millioiis  of  miles  toiecal 

a  luminous  sector  was  visible  in  its  head ;  on  the  comet  to  its  perihelion.    The  periods  cf 

the  day  following,  the  sector  had  disappeared,  some  comets  are  said  to  be  many  thoonad 

and  a  more  brilliant  one  and  of  greater  longi-  years,  and  even  the  average  time  of  therevolv' 

tudinal  extent  was  formed  in  another  place,  tion  of  comets  generally  is  about  a  thoosud 

This  second  sector  was  observed  on  the  1 7th,  yean ;  which  proves  that  the  snn*s  grsvitsliBK 

when  it  appeared  less  bright ;  and  on  the  1 8th  ^orce  extends  very  far.  La  Place  eslimBtet  thil 

its  weakness  had  decidedly  increased.     The  the  solar  attraction  b  felt  throughoataiptoe 

comet  was  concealed  till  the  21  st>  but  on  tiiat  whose  radius  is  a  hundred  millions  of  tisiBi 

day  three  distinet  sectora  were  visible   in  the  greater  than  the  distance  of  tiie  earth  from  Um 

nebulosity.    On  the  23d,  all  traces  of  these  no."    «  The  orbit  of  Halley*s  comet  u  fenr 

sectors  had  disappeared,  the  nucleus,  which  times  longer  than  it  is  broad ;  iU  lengft  ii 

had  previously  been  brilliant  and  well-defined,  about  3420  millions  of  miles,  about  86  liiiM 

having  become  so  largo  and  difTuse  that  the  the  mean  distance  of  the  earth  from  the  nn. 

observer  could  scarcely  believe  in  the  reality  At  its  perihelion  it  comes  within  57  miffiow 

of  such  a  sudden  and  important  alteration,  till  of  miles  of  the  sun,  and  at  its  aphelion  it  if 

he  satisfied  himself  that  the  appearance  was  ^  times  more  distant    On  account  of  Ifaii 

not  occasioned  by  the  moisture  on  the  glasses  •xteiuive  range,  it  mustexpeiienee  3600  tinw 

of  his  instrument    It  appean,  likewise,  that  »">«  light  when  nearest  to  die  sun  than  in 

one  of  thcae  luminous  fans  or  sectore  was  ob-  *^«  ""<*t  remote  point  of  its  orbit    In  die 

served  by  Su:  J.  Herschel,  at  the  Cape  of  onepositionthesun  willaeemto  befbortiaiea 

Good  Hope,  after  the  comet  had  passed  its  ^^^V^  than  he  appean  to  us,and  at  theodier 

periheUon.    The  nebulosity  of  this  comet  ap-  he  will  not  be  apparently  larger  than  a  rtar.« 

pears  to  have  increased  in  magnitude  as  it  ap-  ,  The  appearance  of  this  eomet,  so  near  Iha 

proached  the  sun,  but  ito  changes  were  some-  t"nw  predicted  by  astronomers,  and  in  poBtioBi 

times  unaccountably  rapid.      On  one  occa^  to  nearly  agreeing  with  those  which  were  p»- 

sion  it  was  observed  to  become  obscure  and  ▼iwriy  calculated,  is  a  dear  proof  of  the  a^ 

enlarged  in  the  course  of  a  few  hours,  though  tonishing  accuracy  which  has  been  faitrodnoBd 

a  little  before,  its  nucleus  was  clear  and  weU-  «»to  astronomical   calculations,  and  of  Aa 

defined.    On  the  1 1th  of  October,  the  Rev.  T.  "oondnoss  of  those  principles  on  which  ttt 

W.  Webb,  and  two  other  observers,  observed  aatronomy  of  comets  is  founded.    It  likeww 

cortMCfl/wn*  in  the  tail.    On  that  evening,  Aows,  that  comets,  m  general,  are /ifmiwaj 

at  7"  30^,  the  tail  was  very  conspicuous,  ex-  bodies  connected  with  ^he  solar  system,  and 

tending  between  x  and  y  Draconis,  and  evi-  **t  no  very  considerable  change  in  their  coo- 
dently   fluctuated,  or  rather  coruscated,  in 

length,  being  occasionally  short,   and   then  •  Mrs.  SomervUle's  "  Connexion  of  Hie  Phyil» 

Atrctrhinff  in  the  twinklinir  of  an  eve  to  ita  full    «■*  Sciences."  a  work  which,  Ihouuh  wriueiiia 
snreicnmg  m  me  iwinKimg  oi  an  eye  lo  ics  niu   ^  p^p„|ar  »iyie,  xvoald  do  honour  lo  the  ftrti  phi- 

extent,  which  was  at  least  equal  to  ten  de-    losophera  of  Europe.     Of  tbia  lady'a  profoond 

grees.    Its  changes  were  extremely  similar  to   matnematkal  work  on  the  **  Mechaninn  of  the 

the  kindlmg  «.d  fiuBng  of  .  very  fiunti.t»»mer  g«rn;?<;;;iX'ti'lf"?:.'^.",SUVJ! 
af  the  Aurora  Boreaus.  works  that  female  Intellect  ever  produced  m  tay 

age  or  country  ;  and  with  respect  to  the  preseal 
Csd  by  cometa,  whe^^er  It  be  inherent  or  reflected,  day,  we  hasard  little  In  aayinf ,  that  Mrs.  Som^ 
Will  not  permit  the  use  of  so  high  magnifying  ville  is  the  only  individaal  of  her  sex  in  ihswMH 
powers  as  may  be  applied  to  the  planets.  who  could  have  wriuen  it.** 
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•Utatum  takes  place  while  traTening  the  dxs-  are  transparent,  as  well  as  their  nebulosities, 
tant  parts  of  their  orl»ts.*  and  allege  as  a  proof  that  stars  have  been 

From  the  preceding  hist<»ical  sketches  and  seen  through  a  nucleus.  Thus,  Montaigne  is 
descriptioQji,  the  reader  will  learn  something  said  to  have  seen  a  star  of  the  sixth  magni- 
of  the  general  phenomena  of  comets ;  and  I .  tude  through  the  nucleus  of  a  small  comet, 
shall  now  briefly  inquire  into  the  opinions  and  Olbers  saw  a  star  of  the  seventh  magni- 
which  have  been  formed  respecting  the  tude,  although  it  was  covered  by  a  comet,  and 

without  its  light  being  rendered  less  powerful , 

PBTSiCAL  coKSTiTUTiov  o»  coKXTS.        |>ut  the  accuracy  of  such  observations  has 

On  this  subject  our  knowledge  is  very  im-  ^®°  <^«^  '^  question.  On  the  other  hand, 
perfect;  in  fiict,  we  may  be  said  to  know  '^  ^^  *^»  concluded  that  the  nucleus  of  a 
Utile  or  nothing  of  the  physical  construction  ">"?«*  ^»  on  several  occasions  eclipsed  a  star 
of  those  mysterious  bodies,  or  of  the  nature  which  was  in  the  same  line  of  vision. 
of  the  substances  of  which  they  are  compoeed.  Messier,  when  observing  the  smsU  comet  of 
k  regaid  to  the  fuhuheity  of  comets,  where  ^  774,  perceived  a  star  which  was  eclipsed  by 
there  appean  no  nucleus,  it  has  been  con-  *^«  opaque  body  of  a  comet,^or  at  least,  aU 
jectured  to  be  compoeed  of  something  analo-  ^e  circumstances  attendmg  it  led  to  that 
gous  to  globular  masses  of  vapour,  sUghtly  conclusion.  On  the  28th  of  Nov.  1828,  at 
condensed  towards  the  centre,  and  shining  ^^^  ^^  '•''•»  M.  Wartmann,  at  Geneva,  per- 
either  by  mherent  light  or  by  the  reflected  <»ived  a  star  of  the  eighth  magnitude  com- 
rays  of  the  sun.  When  there  is  a  nucleus  in  P^e^'y  eclipsed  by  Encke's  comet  Comets 
the  centre  of  a  comet,  it  seldom  happens  that  'l»a^«  likewise  been  observed  to  transit  the 
the  nebulosity  extends  to  it  with  a  graduaUy  ^w^^  o^  ^^  »"«  like  dark  spots.  M.  Gambart, 
increasing  intensity.  On  the  contrary,  the  of  MarseUles,  calculated  that  a  comet  which 
parts  of  the  nebulosity  near  the  nucleus  are  ^^  ^^  observed  would  pass  across  the  sun  on 
but  slightly  luminous,  and  seem  to  be  ex-  ^^  morning  of  the  18th  of  November,  1826, 
twmely  mrcfied  and  transparent.  At  some  and  both  he  and  M.Flaucerques  were  success- 
distance  from  their  centre,  their  shining  fill  m  obtaining  a  sight  of  it  during  its  transit 
qoslity  is  suddenly  increased,  so  that  it  looks  M'-  ^P^l  Llofll,  on  the  6th  June,  1818.  at 
like  a  ring  of  invariable  size  resting  in  equi-  ^^  ^'^'*  *"W  a  body  passing  over  the  sun's 
librium  around  the  centre.  Sometimes  two,  ^^  "^^^^  appears  to  have  been  a  comet 
and  even  three  of  these  concentric  rings  have  I*  "^^  likewise  seen  on  the  same  day  by  Mr. 
been  perceived  separated  by  intervals;  but  Acton,  at  2"  30',  considerably  advanced  be- 
what  appean  to  be  a  ring  must  in  reality  be  J^^^  ^e  P^J^*  «»  ^^^^  ^^  ^^  seen  at  11 
tapherical  covering,  an  idea  of  which  may  ^-"'t  ^^  '^^  progress  over  the  disk  seems  to 
be  formed  by  imaging,  in  our  atmosphere,  J^*^«  exceeded  that  of  Venus  in  transit 
at  three  difforent  heights,  three  continued  These  observations  seem  evidently  to  indicate 
layers  of  clouds  entirely  covering  the  globe.  ^**  «>™c  covorXs  at  least  have  nuclei  com- 
The  matter  of  the  nebulosity  is  so  rare  and  V^^  ^f  solid  and  opaque  materials.  From 
transparent  that  the  smallest  stars  may  fro-  ^^  ^^  observations  in  relation  to  this  point, 
qnently  be  seen  through  it  collected  by  M.  Arago,  he  deduces  the  follow- 
As  to  the  nucleus,  it  is  generally  con-  "*»  conclusions:  1.  That  there  exist  some 
sidcred  as  the  solid  or  densest  part  of  the  cometa  destitute  of  the  nucleus.  2.  That 
amet  The  nuclei  of  comets  are  sometimes  ^®"  "®  ^^^^^  comets,  the  nuclei  of  which 
very  similar  to  the  disks  of  planets,  both  in  *™  transparent  3.  That  there  are  also 
farm  and  brightness.  They  are  generally  comets,  which  are  more  brilliant  than  the 
mall  compared  with  the  whole  size  of  the  planets,  the  nuclei  of  which  are  probably  solid 
comet ;  but  in  some  cases  they  are  of  con-  ""^  opaque.  ,  .,  ,  . 
tiderable  magm'tude,  as  wo  have  aheady  J^n  respect  to  flie  tail,  or  luminous  tram 
stated  in  respect  to  the  cometo  of  1807  and  ^Wch  gcneraUy  accompanies  comets,  it  is 
1811.  Some  suppose  that  the  nuclei  of  comete  ^ound  that  it  is  generaUy  m  cppusition  to  the 

sun,  or  on  the  prolongation  <S  the  Ime  which 

•TheraoM  particular  obiervatlom  on  Halley's  wouU  join  the  sun  and  the  nucleus.     But 

somoi,  during  tts  appearance  in  1635,  which  I  have  this  is  not  always  the  case.     Sometimes  the 

w  VvK  **TJ!i\''^  "^"^  T**!  *2L^!;!.o.!«;  J;   dfaection  of  the  tail  has  been  found  at  right 
W.  Webb,  of  Tretlre,  near  Bou,  an  account  or  ,  •.!.   xu«     i*  j   •  z^ 

which,  with  deductions  and  remarks,  was  read  to    angles  with  this  hue;  and  in  some  extras 

the  Worcestershire    Natural   History    Society,  ordinary  instances,  the  tails  of  comets  have 

The  observailons  were  made  with  an  excellent  been  observed  to  point  directly  towards  the 

achromatic  telescope  by  Tulley,  of  5  feet  6  in-  ^, .             .jf       ^       .  , -^            *  *v  * 

ches  focal  length,  m/  4  7-10  inches  aperture,  wm.     This  was  Uie  case  with  t  comet  that 

Through  the  kindness  of  this  gentleman  I  was  fh-  appeared  in  1824,  which  for  about  eight  days 

r2!"^'^^^***i';i""**'*PS^i°5y*^'^?l/™lTf;   exhibited   an   additional  lummous  train  in 
Uoai,  and  woQld  have  availed  myself  of  many  of  .^      a    al  4     !_•  v  j  .u       j* 

ab  iiidlctotts  ramarks,  had  siy  limtts  permUtsd.       opposition  to  that  which  assumed  the  ordmaiy 
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dlrectioiLi  This  anomalous  tail,  according  to  have  been  different  opinions,  and  at  the  pee 
Olben,  was  7^  long,  while  the  other  was  sent  moment  it  may  be  conad^ed  aa  stili  uo 
only  3^^*  and  it  was  bright  enough  to  be  seen  determined,  though  the  probability  ia,  that  in 
with  an  opera-glass.  In  general,  however,  it  general,  they  derive  their  light  from  the  same 
is  found  that  the  tail  inclines  constantly  to-  ^source  as  the  planets.  It  appears  to  have 
wards  the  region  last  quitted  by  the  comet,  as  been  the  opinion  of  both  Schroeter  and  Her- 
if  in  its  progress  through  anetlieieal  medium,  schel,  that  the  comet  of  1611  shone  fay  in- 
the  matter  forming  it  experienced  more  re-  herent  Ught ;  and  the  rapid  variations  which 
sistance  than  that  of  the  nucleus.  The  tail  have  been  observed  in  the  brightness  of  the 
if  generally  enlarged  in  proportion  to  its  dis-  nucleus,  and  the  coruscations  of  the  tail,  are 
tance  from  the  head  of  the  comet,  and  in  cer-  considered  by  some  as  inexplicable  on  any 
tain  cases  it  is  divided  into  several  branches,  other  hypothesis.  It  ia  likewise  supposed 
as  already  noticed  of  the  comet  of  1807.  that  certain  phenomena  which  have  been  ob- 
Some  have  supposed  that  the  divided  tail  is  served  in  the  case  of  faint  and  rarefied  comets 
nothing  more  than  a  perspective  representa-  tend  to  corroborate  the  sam^  position.  For 
tion  of  the  sides  of  a  great  hollow  cone ;  but  example,  Sir  J.  Hcrschel,  on  September  23, 
there  are  certain  observations  which  seem  to  1832,  saw  a  small  group  of  stars  of  the  16th 
prove  that,  in  some  cases,  they  have  a  tepa-  and  17th  magnitude  through  the  comet  of 
rate  existence  as  independent  branches.  The  Biela.  Though  this  group  could  have  been 
most  remarkable  instance  of  a  divided  tail  effaced  by  the  most  trifling  fog,  yet  they  were 
was  in  the  comet  of  1744.  On  the  6th  and  visible  through  a  thickness  of  more  than  50,- 
7th  of  March,  there  were  six  branches  in  the  000  miles  of  cometaiy  matter;  and  therefore 
tail,  each  of  them  about  4°  in  breadth,  and  it  is  supposed  scarcely  credible  that  so  trans- 
from  dO°  to  40°  long.  Their  edges  were  parent  a  material,  affi>rding  a  free  passage  to 
pretty  well  defined  and  tolerably  bri^t;  their  the  light  of  sudi  minute  stars,  could  be  caps- 
middle  emitted  but  a  feeble  light,  and  the  in-  ble  of  arresting  and  reflecting  to  us  the  solar 
tervening  spaces  were  as  dark  as  the  rest  of  rays.  On  the  other  hand,  it  has  been  ob- 
the  firmament  The  tails  of  comets,  as  al-  jected  to  this  opinion,  that  comets  have  ap- 
ready  noticed,  sometimes  cover  an  immense  peared  as  dark  spots  on  the  disk  of  the  sun; 
space  in  the  heavens.  The  comet  of  1G80  that  their  light  exhibits  traces  of />o/DErtra/»on,- 
bad  a  tail  which  extended  to  68'^,  that  of  1 8 1 1  and  that  they  have  been  occasionally  obserred 
to  23°,  and  that  of  1769  to  97°  in  length;  so  to  exhibit  phases*  M.  Arago  remarks,  that 
that  some  of  these  tails  must  have  reached  *<  on  the  very  day  that  any  comet  shall  ap- 
from  the  zenith  to  the  horizon.  The  length  pear  with  a  distinct  phase,  all  doubts  on  tius 
of  the  tail  of  the  comet  of  1680,  estimated  in  subject  will  have  ceased."  But  it  is  con- 
miles,  was  112,750,000;  that  of  1769,  44^-  aidered  doubtful  whether  any  decided  phase 
000,000;  and  that  of  1744,  8,250,000  miles,  has  yet  been  perceived,  although  some  ob- 
A  body  moving  at  the  rate  of  20  miles  every  servers  were  led,  from  certain  phen<Mnena,  to 
hour  would  not  pass  over  the  space  occupi^  infer  that  something  like  a  phase  was  pie- 
by  the  tail  of  the  comet  of  1680  in  less  than  sented  to  their  view.  It  is  found  that  all 
643  years.  It  has  been  supposed  by  some  "direct  light  constantly  divides  itself  into  two 
astronomers  that  certain  changes  in  the  ap-  points  of  the  same  intensity  when  it  traverses 
pearanoe  of  the  tails  of  comets  arise  firom  the  a  crystal  posseaaing .  the  power  of  double  re- 
rotation  of  the  comctary  body ;  as  some  comets  fiaction ;  reflected  Ught  gives,  on  the  oontraiy, 
have  been  supposed  to  rotate  about  an  axis  in  certain  portions  of  the  crystal  through  whidi 
passing  through  the  centre  of  the  tail,  such  it  is  made  to  pass,  two  images  of  unequal  in- 
as  that  of  1825,  which  was  concluded  from  tensity,  provided  the  angle  of  reflection  is  not 
certain  appearances,  to  perform  its  rotation  90° ;  in  other  words,  it  is  polarized  in  the 
in  20  hours,  30  minutes.  act  of  reflection.    On  this  principle,  M.  Arago 

As  to  the  nature  of  the  immense  tails  of  pointed  out  a  phometrical  method  of  deter- 
comets,  their  origin,  or  the  substances  of  which  mining  whether  comets  borrow  their  light 
they  are  composed,  we  are  entirely  ignorant,  from  ^e  sun,  or  are  luminous  in  themaclvea. 
and  it  would  be  wasting  time  to  enter  into  On  Die  23d  of  October,  1835,  having  applied 
any  speculation  on  this  subject,  as  nothing  hb  new  apparatus  to  the  observation  of 
could  be  presented  to  the  view  of  the  reader  Halley's  comet,  he  immediately  'saw  two 
but  vague  conjectures,  gratuitous  hypotheses,  images  presenting  the  complementary  colour^ 
and  unfounded  theories.  one  of  them  red,  the  other  green.    By  turn- 

_  .  ing  the  instrument  half  round,  the  red  innga 

msciLLi-irsous  rbmabks  ok  coifXTs.       I* _j    .  ^  ^.^_^    rr«  s,^mi>,xL» 

became  green,  and  vice  versa.  He  oonduoec 

1.  Whether  comets  shine  with  their  own  therefore  that  the  light  of  the  comet,  at  least 

native  light*  or  derive  their  light  fivm  the  the  whole  of  it,  is  not  composed  of  rays  pQ»> 

tunf — ^This  is  a  question  about  which  there  seasing  the  property  of  direct  light,  but  oon^ 
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mta  of  thai  which  is  polarised  or  leflected  one  tm&Toiinble,  there  existo  but  one  which 
ipecdarly :  that  is,  of  light  derived  from  the  can  produce  a  coUiaioa  between  the  two 
mm.  These  ezperimente  were  repeated  with  bodies.  As  for  the  nebulonty,  in  its  most 
the  samo  re«ult  by  thrpf  other  observers  in  general  dimensions,  the  unfavourable  chances* 
the  Observatoxy  of  Paris.  will  be  from  ten  to  twenty  in  the  same  num- 
2.  It  appears  to  be  a  remarkable  fact  in  re-  ber  of  two  hundred  and  eighty-one  millions, 
sped  to  couiets,  tliat  the  real  diameter  of  the  Admitting  then,  for  a  moment,  that  the  comets 
fubuhsitff  tnereates  proportionable  as  the  which  may  strike  the  earth  with  their  nuclei 
eomei  bxcoxss  distaxt  from  the  eun.  would  annihilate  the  whole  human  race,  then 
Hevelius  appears  to  have  been  the  first  who  the  danger  of  death  to  each  individual,  result- 
made  this  observation ;  but  it  seems  to  have  ing  from  the  appearance  of  an  unknown 
been  overlooked,  and  even  an  opposite  posi«  comet,  would  be  exactly  equal  to  the  risk  he 
tion  maintained.  As  the  tails  of  comets  in-  would  run  if  in  an  urn  there  was  only  one 
ciease  in  length  as  they  approach  their  peri-  single  white  ball  of  a  total  number  of  281,- 
helia,  so  it  was  generally  considered  that  the  000,000  balls,  and  that  his  condemnation  to 
nebulosities  followed  the  same  law ;  but  the  death  would  be  the  inevitable  consequence  of 
observations  which  have  lately  been  made  on  the  white  bail  being  produced  at  the  first 
Biela's  comet  have  confirmed  the  observations  drawing." 

of  Hevelius.    On  the  28th  of  October,  1828,       When  we  consider  that  a  Wise  and  Al- 
this  comet  was  found  to  be  nearly  three  times  mighty  Ruler  superintends  and  directs  the 
fiirther  from  the  sun  than  on  the  24th  of  De-  movements  of  all  the  great  bodies  in  the  uni- 
oembcr,  or  in  the  proportion  of  1.4617,  to  verse,  and  the  erratic  motions  of  comets  among 
0.5419,  yet  in  October  its  diameterwas  about  the  rest ;  and  that  no  event  can  be&ll  our 
twenty-six  times  greater  than  in  December,  world  without  his  sovereign  permission  and 
or  in  the  proportion  of  79.4  to  3.1 ;  that  is,  its  appointment,  we  may  repose  ourselves  in  per- 
solid  contents  on  the  28th  of  October  were  feet  security  that  no  catastrophe  from  the  im- 
16,800  times  greater  than  on  the  24th  of  De-  pulse  of  celestial  agents  shall  ever  take  place 
cember,  and  the  smalieat  size  of  the  comet  but  in  unison  with  hb  will,  and  for  the  ao- 
corresponded  td  its  least  distance  from  the  complisbment  of  the  plans  of  his  universal 
son.    M.  Valz,  of  Nimes,  and  Sir  John  Her-  providence.    At  the  same   time,  the  possi' 
scbel  have  attempted  to  account  for  this  dr-  bility  of  a  shock  from  a  large  comet  shows  us 
cumstance  on  very  different  principles,  but  that  this  earth  and  all  its  inhabitants  are  de- 
ncithcr  hypothesis  i^pears  to  be  satisfactory,  pendent  for  their  present  existence  and  conk- 
3.  Whether  a  comet  may  ever  come  in  forts  on  the  will  of  an  Almighty  Agent,  « in 
tontaet  with  the  earth,  ana  produce  a  con-  whom  we  live,  and  move,  and  have  our  being;'* 
eussion  ? — ^As  comets  move  in  orbits  which  and  that  were  it  conformable  to  his  allwise 
ibnn  extremely  elongated  ellipses ;  as  they  and  eternal  designs,  he  could  easily  disarrange 
move  in  all  imaginable  directions;  as  they  the  structure  of  our  globe,  and  reduce  its  in- 
Iraverse  almost  every  part  of  the  solar  system  habitants  either  to  miseiy  or  to  complete 
in  returning  from  the  furthest  verge  of  their  destruction ;  and  that,  too,  without  altering  a 
excmaions^  as  they  penetrate  within  the  inte-  single    physical  law  which   now    operates 
nor  of  the  planetary  orbits — even  within  the  throughout  the  universe, 
orbit  of  Mercury,  and  cross  the  orbits  of  the       If  we  recognize  the  Scriptures  as  a  revels- 
earth  and  the  other  planets,  it  is  not  impos-  tion  from  God,  we  may  rest  assured  that  no 
tible  that  a  comet  may  come  in  contact  with  danger  from  such  a  cause  can  happen  to  our 
our  globe.  An  apprehension  of  such  an  event  world  for  ages  yet  to  come ;  for  there  are 
produced  a  oonndenJile  degree  of  alarm  on  many  important  predictions  contauied  in  re- 
the  Continent  at  different  periods,  particularly  velatiou  which  have  not  yet  received  their 
in  1773  and  1832,  as  formerly  stated.    But  accomplishment,  and  must  be  fulfilled  before 
when  we  consider  the  immense  cubical  space  any  fatal  catastrophe    can  happen  to  our 
occupied  by  the  planetary  system  in  which  globe.    It  is  predicted  that  the  Jews  shall  be 
the  comets  move,  and  compare  it  with  the  brought  into  the  Christian  church  *<  with  the 
small  capacities  of  these  bodies ;  and  when  we  fulness  of  the  Gentiles," — ^that  ^  the  idols  of 
take  into  view  certain  mathematical  calcula-  the  nations  shall  be  abolished," — that  **  wan 
tion«  in  reference  to  the  subject,  the  probabi-  shall  cease  to  the  ends  of  the  earth,"— 4hat 
lity  of  a  shock  from  a  comet  is  extremely  the  kingdom  of  Messiah  shall  extend  over  all 
aioalL    **]>t  U9  suppose,"  saya  Arago,  *<a  nations^ — that  "the  knowledge  of  Jehovah 
comet  of  which  we  only  know  that  at  its  pe-  shall  cover  the  earth,  and  that  all  shall  know 
ribelion  it  is  nearer  the  sun  than  we  are,  and  him  from  the  least  to  the  greatest," — that 
that  its  diameter  is  one^fourth  of  that  of  the  « the  earth  shall  yield  its  increase,"  and  its 
earth,  the  calculation  of  probabilities  shows  desolate  wastes  be  cultivated  and  mhabited/» 
that  of  281,000,000  of  chances  there  is  only  that  moral  order  shall  prevail,  and  "  righteoi^ 
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nen  and  praiie  spring  (otih  before  aII  die  is  found  that  bodies,  pazticiilaiii^  in 
nstions," — and  that  this  happy  era  of  the  electric  stales,  may  be  rendered  Inminans 
worid  shall  centinue  during  a  b^ise  of  ages,  without  the  addition  of  any  extnoieoas  body 
'These  events  have  not  yet  been  acoompUshed,  to  their  substances, 
though  at  the  present  moment  they  appear 
either  in  a  state  of  commencement  or  of  pro- 
gression ;  but  they  cannot  be  supposed  to  be 
Ailly  realized  till  after  a  lapse  of  centuries.  In  former  times  the  appearance  of  comets 
The  believer  in  Divine  revelation,  therefore,  was  supposed  to  be  the  forerunner  of  tpsis, 
has  the  fullest  assurance  that,  whatever  di-  revolutions,  famine,  pestilence,  the  deaths  €^ 
lections  comets  may  take  in  their  motions  great  men,  earthquakes,  inundations  and 
towards  the  centre  of  our  system,  none  of  other  calamities.  When  the  splendid  comet 
them  shall  be  permitted  to  impinge  upon  our  of  1456  appeared,  (supposed  to  be  the  same 
globe,  or  to  effect  its  destruction,  for  at  least  a  as  Halley^s  comet,)  its  tail  extended  at  one 
Uiousand  years  to  come,  or  till  the  above  and  time  over  more  than  60  degrees.  Three  days 
other  predictions  be  completely  accomplished,  before  its  perihelion,  its  nucleus  was  as  bright 
4.  Another  question  occurs  on  this  sub-  as  a  fixed  star,  its  tail  of  the  colour  of  gold, 
ject — ^namely,  whither  any  eomeU  have  ever  and  it  appears  to  have  exhibited  coruscations. 
fallen  into  the  eun  ? — It  was  the  opinion  of  Pope  CaUxtus,  believing  it  to  be  at  once  the 
sir  Isaac  Newton  that  one  purpose  for  which  sign  and  instrum^it  of  Divine  wrath,  vras  so 
comets  are  destined  is,  to  recruit  the  sun  frightened  at  its  appearance  that  he  ordered 
with  fresh  fiiel,  and  repair  the  great  consump-  public  prayers  to  be  oflfered  up  in  every  town, 
tion  of  his  light  by  the  streams  continually  and  the  bells  to  be  tolled  at  the  noon  of  each 
emitted  every  way  from  that  luminary ;  and  day,  to  warn  the  people  to  supjriicate  the 
that  such  comets  as  come  veiy  near  the  sun  mercy  of  Heaven.  He  at  the  same  time  ex- 
in  their  perihelions  meet  eveiy  time  with  so  communicated  both  the  comet  and  the  Turks, 
much  resistance  from  his  atmosphere  as  to  whose  arms  had  lately  proved  victoTioas 
abate  their  projectile  force ;  by  the  constant  against  the  Christians,  and  established  the 
diminution  of  which,  the  centripetal  power,  custom,  which  still  exists  in  Catholic  coun- 
or  grravitation  towards  the  sun,  would  be  so  tries,  of  ringing  the  church  bells  at  noon.  In 
increased  as  to  make  them  fall  into  his  bo^y.  modem  times,  certain  natural  eHects  have 
On  a  similar  principle,  Arago  supposes  that  likewise  been  attributed  to  the  influence  of 
the  comet  of  1680,  which  approached  so  near  comets;  such  as  tempests,  hurricanes,  volca- 
the  body  of  the  sun,  must  have  passed  nearer  nic  eraptions,  cold  or  hot  seasons,  overflow- 
to  his  surface  at  that  time  than  at  its  preoed-  ings  of  rivers,  fogs,  dense  ckrads  of  flies  or 
ing  apparitions ;  that  the  decrease  in  the  locusts,  tiie  plague,  the  dysexiteiy,  the  cholera, 
dimensions  of  the  orbit  will  continue  on  each  and  other  diiBorders. 

succeeding  return  to  its  point  of  perihelion ;       Mr.  T.  Forster,  a  respectable  writer  on  to^ 

and  that  <'  it  will  terminate  itt  career  by  fall'  tural  scienoe,  author  of  **  Reseaiches  ahoot 

ing  upon  the  sun"    But  he  acknowledges  Atmospherical  Phenomena,'*  dux,  puMiahed 

that,  **  from  our  ignorance  of  the  densities  of  in   1829  a  work    on    the  *<  Atmospherical 

the  various  strata  of  the  sun's  atmosphere,  of  Causes  of  Epidemic  Diseases,"  in  which  he 

that  of  the  comet  of  1680,  and  of  the  time  of  maintains  that  the  most  unhealthy  periods 

its  revolution,  it  will  be  impossible  to  calculate  are  those  during  which  some  great  comet  has 

after  bow  many  ages  this  extraordinaiy  event  been   seen ;    that  the   appearance   of  these 

is  to  happen  ^"  and  he  likewise  admits  that  bodies  has  been  accompanied  by  earthquakes^ 

'*  the  annals  of  astronomy  do  not  afford  any  eruptions  of  volcanoes,  and  atmospheric  com- 

reason  to  suppose  the  previous  occurrence  of  motions ;  and  that  no  comet  has  been  seen 

<  such  an  event  since  the  origin  of  historical  during  seasons  of  healthiness.    For  example, 

record ;"  so  that  we  have  no  direct  evidence  in  the  year  1665  a  comet  made  its  appear* 

that  such  an  jBvent  has  ever  taken  place,  or  ance,  and  soon  after  its  disappearance,  the 

that  it  ever  will.     We  know  too  little  of  the  city  of  London  was  ravaged  by  the  plague. 

physical  constitution  of  the  sun,  and  of  the  In  1680  one  of  the  most  q>lendid  c^omela 

nature  of  comets,  to  be  able  to  assert  that  the  which  have  been  observed  in  modem  times 

felling  of  a  comet  into  the  sun  would  actually  made  its  appearance.    The  atmospheric  eflect 

recruit  the  luminous  matter  of  which  his  produced  by  iu  influence,  according  to  Mr. 

outer  surface  is  composed ;  for  we  have  rea-  Forster«  was  <*  a  cold  winter,  followed   by  a 

son  to  believe  that  there  is  little  or  no  ana-  dry  and  hot  summer,"  and  **  meteors  in  Geiw 

logy  between  the  mode  in  which  we  supply  many.''    As  the  influence  of  comets  on  imr 

our  files  by  means  of  fegots,  and  that  by  globe  and  its  atmosphere  (if  such  an  infli*- 

which  the  solar  tight  is  recmited  and  pre-  ence  exist)  must  have  a  respect  to  the  vrikde 

served  in  its  pristine  vigour;  and  besides,  it  earth,  and  not  merely  to  any  particular  poi^ 
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*taa  of  it,  we  might  ask,  in  refoTence  to  the  a  comet  has  generally  heen  rDoeived  with 
fint  example  why  did  not  the  comet  of  1665  melancholy  anticipations,  and  the  efiects  at- 
pFodoce  a  similar  effect  in  Amsterdam,  Vien-  tribnted  to  its  influence  have  uniformly  been 
na,  Paris  and  Madrid,  and  in  the  principal  of  a  calamitous  nature.    But  why  should  it 
dties  of  Asia,  Africa,  and  America?     But  of  not  be  the  precursor  of  prosperous  events— of 
each  effects  we  never  had  the  least  intimation,  peace,  plenty,  social  tranquillity,  and  genial 
In  respect  to  the  second  example,  we  are  seasons — as  well  as  of  wars,  fiunines,  revo- 
wvranted  to  inquire,  whether  the  cold  winter  lutions,  cold  winters,  and  parched  sunm^rsl 
was  followed  by  a  hot  summer  in  every  other  It  seems  something  like  a  reflection  on  the  gene- 
dimate  of  the  earth  ?  whether  meteors  were  ral  benevolence  of  the  Deity  to  imagine  that  he 
as  common  in  other  countries  as  in  Grermany  t  has  created  such  a  vast  number  of  bodies,  and 
and  whether  the  comet  produced  opposite  directed  their  course  through  every  part  of 
eflects,  at  one  time  congealing  the  pools  and  the  planetary  regions,  chiefly  for  the  purpose 
rivera,  and  at  another  scorching  the  earth  of  "  shaking  from  their  horrid  hair"  wars, 
with  heat?    If  such  questions    cannot  be  famines,  and  pestilence;  for  if.  they  produce 
satjafadorily  answered,  we  are  not  warranted  such  eflects  upon  the  earth,  we  mi^t  with 
in  attributing  such  effects  to  the  influence  of  equal  reason  believe  that  they  produce  similar 
comets.  efiects  on  the  other  planets  of  our  system  as 
We  err  egregiously,  in  this  as  well  as  in  they  pass  along  in  their  course  towards  the 
tDsny  other  re^cts»  when  we  infer,  from  two  sun ;  and  this  would  lead  us  to  infer  that  the 
contemporaneous  events,  that  the  one  is  either  inhaJ)itants  of  all  the  planetary  orbs  are  liable 
the  sign  or  the  anue  of  the  other.    It  is  on  to  the  same  disasters  and  calamities  as  the  tn- 
a  principle  of  this  kind  that  some  persons  are  habitants  of  the  earth,  a  position  which  seems 
led  to  attribute  the  events  to  which  we  have  scarcely  consistent  with  the  boundless  benevo- 
alhided  to  the  influence  of  comets.    Because  lenoe  of  the  Divine  mind, 
an  inundation,  a  war,  a  political  convulsion,       But  although  I  do  not  admit  the  conclusions 
or  a  volcanic  eruption  has  taken  place  at  the  and  the  cometary  influences  to  which  I  have 
time  of  the  approach  of  a  comet  to  this  part  alluded,  I  am  6x  from  asserting  that  comets 
of  oar  system,  therefore  they  conclude  that  have  no  influence  whatever  over  our  globe  or 
there  must  be  a  certain  connexion  between  its  surrounding  atmosphere.    The  universe  is 
auch  events,  and  that  the  one  is  the  cause,  one  great  whole,  and  all  its  parts,  however  re- 
and  the  other  the  effect  |  while  the  two  events,  mote>  must  be  supposed  to  have  a  certain  re- 
in point  of  fiict,  may  not  have  the  slightest  lation  to  one  another;  and  they  may  produce 
relatiflii  to  each  other,  except  their  casual  oo  an  influence,  however  small  and  imperceptible, 
corrence  at  the  same  period.    We  might,  on  on  each  other  at  the  greatest  distances.    The 
the  same  i^'-ounds,  infer  that  the  rising  of  the  remotest  star  perceptible  to  the  eye  may  pro- 
star  Sirius  along  with  the  sun,  which  an*  duce  a  certain  physical  influence  on  our  globe, 
nounced  to  the  Egyptians  the  rise  of  the  Nile,  though  so  small  and  insensible  as  to  be  beyond 
was  the  cause  of  the  annual  overflowing  of  the  limits  of  the  nicest  calculation ;  and  ther»- 
tfaat  river.    Before  we  can  identify  any  event  fore  comets  which  sometimes  appitMch  pretty 
with  the  influence  of  a  comet,  we  must  not  near  the  earth  may  produce  a  certain  sensible 
confine  our  views  to  an  event  or  two  in  our  efiect  upon  our  globe,  particularly  should  a 
immediate  neighbourhood,  but  must  endeavour  portion  of  their  immense  tails  at  anytime 
to  ascertain  whether  similar  events  or  phe-  sweep  along  the  higher  regions  of  our  atmo- 
nomena  have  happened  on  even/  part  of  the  sphere.    But  what  special  influence  or  eflects 
earth  at  the  same  period.    As  comets,  either  they  may  produce  on  the  physical  econoa^ 
large  or  small,  either  visible  to  the  naked  eye  of  our  terrestrial  system  it  is  impoasihlQ  for 
or  through  a  telescope,  make  their  appearance  us  in  the  mean  time  distinctly  to  ascertam, 
at  an  average  almost  every  year,  and  as  e^M-  from  our  ignorance  of  the  constitation  of  those 
demics,politica]  commotions,  earthquakes,  hux«>  mysterious  bodies,  and  of  the  substances  of 
ricaines  and  similar  events  are  always  to  be  which  they  are  composed.    While  too  much 
found  occurring  in  some  particular  portions  has  doubtless  been  attributed  to  the  influence 
of  the  globe,  we  should  never  be  at  a  loss  for  of  comets,  it  would  be  verging  to  an  opposite 
a  physica]  cause  to  account  for  every  thhig  that  extreme  to  maintain  that  they  can  produce  no 
happens  here  below,  if  comets  are  to  be  sup-  effect  at  all  on  our  earth  and  atmosphere. 
pMed  to  have  such  an  influence  over  terres*  We  know  that  certain  celestial  bodies  produce 
trial  aflkirs.    Whatever  takes  phice  in  any  a  powerful  influence  on  our  globe.  The  moon, 
country  of  an  uncommon  nature  mig^t  then  in  conjunction  with  the  solar  influence,  rules 
be  attributed  to  a  comet  which  is  eitiier  ap-  the  ocean  and  perpetuates  the  regular  retuhis 
proaehing  the  centre  of  our  system  or  recede  of  ebb  and  flow.    Its  light  not  only  cheen 
mg  fhmi  it  our  winter  nights,  but  produces  a  variety  of 
It  b  mmaifcable  that  the  annoaneemmxt  of  other  influences  both  on  the  human  ooostilft* 
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tion,  the  atmosphere,  and  on  the  productions  our  atmosphere  when  we  are  not  aware  of  hi 

of  the  earth ;  and  there  may  be  many  effects  and  may  produce  a  peculiar  effect  diflfarent 

produced  by  its  agency  witli  which  we  are  as  from  that  produced  by  the  other  bodies  of  oui 

yet  unacquainted.*  The  sun  not  only  difiiises  system;  but  what  that  special  effect  is  has 

light  over  every  region  of  the  earth  for  the  not  hitherto  been  determined ;  for  the  mete 

purpose  of  vision,  but  rays  or  emanations  in-  coincidences  of  certain  erents  with  the  ap- 

visible  to  our  sight  proceed  from  his  body,  pearance  of  comets  cannot  be  supposed  to  be 

which   promote  evaporation,  the  growth  of  owing  to  their  peculiar  influence,  unless  such 

vegetables,  and  the  various  degrees  of  tempe-  events  are  found  uniformly  to  happen  on  the 

rature  which  prevail  throughout  the  glci)e.  apparition  of  a  comet,  and  that  too  tlirougfa- 

These  emanations  are  likewise  found  to  pro-  out  a  great  portion  of  the  earth.   This  subject 

duce  certain  chemical  efiects,  to  dissoWe  cer-  is  worthy  of  some  attention ;  and   perhaps 

tain  combinations  of  oxygen,  and  to  give  po-  future  observers  by  more  aocuiate  obserrauons 

larity  to  the  magnetic  needle ;  and  many  other  than  have  hitherto  been  made,  may  throw 

effects  of  which  we  are  ignorant  may  after-  some  light  on  an  influence  which  on  the  one 

wards  be  found  to  proceed  from  those  invisible  hand  has  been  perhaps  too  rashly  set  aside, 

irradiationi.    The  larger  planets,  Jupiter  and  and  on  the  other  carried  to  a  pitch  of  ez- 

Saturn,  and  those  which  are  nearest  to  us,  as  travagance  beyond  the  line  of  sober  reason 

Venus  and  Mars,  may  Ukewise  produce  cer-  and  observation. 

tain  effects  on  our  globe,  both  in  virtue  of       Let  it  not  be  supposed  that,  in  admitting 

their  attractive  power  and  of  the  peculiar  na-  that  comets  may  have  an  influence  on  our 

ture  of  the  reflected  rays  they  transmit  to  globe,  I  mean  to  give  the  least  countenanos 

the  regions  we  occupy.  to  foolish  superstitions,  or  to  the  absurdities  of 

We  cannot  therefore  but  conclude,  that  astrolo^,  since  all  that  I  would  be  disposed 

comets  may  exert  a  peculiar  influence  on  our  to  admit  in  the  present  case  is  purely  a^ys»- 

terrestrial  system  in  addition  to  that  of  other  eat  influence ;  an  influence  which  may  exirt, 

celestial  bodies,  and  different  from  it,  particu-  although  we  have  not  yet  been  able  to  dtscii- 

larly  those  whose  bulk  and  masses  are  consi-  minate  its  specific  efiects.   The  most  eminent 

derable,  and  which  approach  nearest  to  the  philosophers  have  been  disposed  to  admit  such 

earth.  Their  light,  whether  native  or  reflected,  an  influence.    Sir  Isaac  Newton  supposed 

appears  to  be  peculiar,  and  the  margin  of  that  **  the  atmospheres  and  tails  of  comets  may 

their  immense  tails  may  occasionally  graze  supply  the   planets  with  moisture,  which  is 

^«.  t     .  .  ^  u    u     u  ^1    I    VI   <c«>      .  continually  wasting  by  the  growing  of  vege- 

♦  It  fa  ttated  by  Mr.  Martin,  in  hk  <*Descrip-  .  . ,  .-'  , .  .    ;[ j  ♦,    °«  „  •   »^  ^Ju.» 

tioa  of  thn  Western  Ules."  that  **  peat  dag  in  the  ^^es  out  of  water  and  tummg  into  earth, 

Increage  of  the  moon  coiiiinuet  moist  and  never  and  that  from  the  same  source  may  be  de> 

burnscienr.whilethecontrary  is  observed  of  that  jj^^  « the  purest  part  of  our  air,  whidi  v 
out  in  the  decrease;   and   ihnt  earthen  dylces  .  ■»     *.      tu^  ^li^^^.^  ^c  i;-^-.     u^t^^f* 

thrown  up  in  the  latter  season  are  alone  found  to  requisite  for  the  existence  of  Imng  bemgs. 

possess  stability.'*   It  is  also  stated  as  a  Hict,  that  These  opinions,  indeed,  cannot  be  proved,  and 

if  an  animal  fresh  killed  be  exposed  to  the  moon's  they  are  evidently  untenable ;  but  they  show 

rays,  it  will  in  a  few  hours  become  putrid,  while  »l  I  *i.  *  «   ^u:i^<.>%»u«.  .<].^:*tf..^  «.k-  ;«_ 

another  animal,  only  a  few  feet  distant,  protecied  **»»^  ^hat  great  philosopher  adnwtted  th«  m- 

from  their  influence,  will  not  be  in  the  least  af-  fluence  of  comets.     M.  Arago,   although  be 

fecied ;  thai  fhiiis  exposed  to  moonlight  have  scouts  the  vulgar  idea  of  comets  being  the 

been  known  to  ripen  much  more  readily;  that  r      •^„i„™u«..,«  ^.^..t.  «^*  iZ  ,jl 

plants  bleached  in  the  dark  recover  the  if  Colour  cause  of  most  calamitous  events,  yet  he  ad- 

from  the  beams  of  a  full  moon ;  and  that  in  8outh  mits  that,  "  not  only  cometary  matter  may 

America,  trees  cut  at  the  full  moon  split  almost  ftji  into  our  atmosphere,  but  that  this  phe- 

Immediately,  as  If  torn  asunder  by  great  external  ««^«^«„  ^„  ^r  „   «ofTi«»  ♦«  a<v..«*  f»i^,^wMv 

force.    Fish  are  said  to  be  rapidly  decomposed  bi  nomenon  is  of  a  nature  to  occur  frequently, 

the  West  Indies  when  taken  by  moonlight."—  and   may  possibly  produce    those    ei»demie 

fVebb*s  MS,  TVeatUe  en  CofMta.    Unless  such  diseases  which  have  been  attributed  to  it** 
alleged   facts  can  be  disproved^  we   must  admit  *  -^^^.^^  «r  «.,»•*;,««,.  u».„  k<w.*>  «*..4«^  m. 

that  the  Moon  may  havra  certain  influence  in        A  variety  of  questions  has  been  started  w- 

such  cases,  though  we  may  be  unable  to  explain  spectmg  cometary  action  and  influence,  ba- 
the mode  by  which  it  is  effected.  In  Game's  gi^es  those  to  which  we  have  now  alluded. 
"I.etiers  from  the  East,"  we  are  told,  that  "the  t*.  u—  w.^«  »  ^««o*;a.,  »k«*i..».  ..^  ..^.j.*  >a 
effect  of  the  moonlight  on  the  eyes  in  eastern  ?  !»*•  ^'^  ^  question  whether  we  ought  to 
countries  is  singularly  injurious.  The  natives  tell  have  recourse  to  the  action  of  a  comet  io  oe- 
you  always  to  cover  your  eyes  when  you  sleep  in  count  for  the  rigor  of  the  climate  of  North 

':'iz!L.*':imX^o^,r«?t!!^f"  s:  ^'^^^  fti..foa„dth.t  m  &«  n«th«. 

much  more  than  the  sun ;  a  Act  of  which  I  had  a  regions  of  Amenc&,  the  cimiate  m  the  ssma 

very  unpleasant  proof  one  night,  and  took  care  to  latitude  is  much  colder  than  in  Europe.    To 

guard   against  it  afterwards.    Indeed,  the  sight  a^^,-*  fo-  thiiL  Dr  Hallev  snimoMd  that  a 

of  a  person  who  should  sleep  with  his  fhco  ex-  ««»«i«  lor  inis,  L»r.  nauey  suppoaea  mai  a 

p68ed  (o  the  moon  at  night  would  soon  be  utterly  comet  had  formeuy  struck  tbe  eartn  obuquely, 

impaired  or    destroyed."     Thu    circumstance  and*changed  the  positioD  of  its  axis  of  rola- 

sirlkinaly  Illustrates  the  expression  of  the  Psalm-  .-  r    ^onjiMiMnee  of  that  nvenL  the  NorA 

1st-**  The  BUB  shaU  not  strike  or  smUe  thee  by  2?"'     in  coiwequcnce  oi  mat  evenmne  i^onn 

day,  n0r  tu  matn  »y  night,'*  Pole,  which  had  been  onginaUy  very  near  te 
(G90) 
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Hndson's  Btty,  was  change^l  to  a  more  east-       ox  trs  ixHABiTi.BiLiTT  or  coxbts. 
cHy  poation;    but  the  countries  which  it 

abandoned  had  been  so  long  a  time  and  so  Some  philosophers  have  been  disposed  to 
deeply  frozen,  that  vestiges  still  remain  of  its  doubt  whether  the  constitutioQ  of  comets  be 
ancient  polar  rigor,  and  that  a  long  series  of  at  all  fitted  for  the  abode  of  rational  beings, 
years  would  be  required  for  the  solar  action  to  espedally  when  we  take  into  consideration 
impart  to  the  northern  parts  of  the  new  conti-  the  extremes  of  heat  and  cold  to  which  they 
nent  the  climate  of  their  present  geographi-  would  be  subjected  in  their  long  and  exten- 
ral  position.  But  we  have  no  proof  that  a  sive  career.  Mr.  Whiston  supposed  that  on 
comet  has  ever  struck  the  earth,  or  that  its  this  account  they  could  not  be  the  abodes  of 
concussion  would  have  the  effect  to  change  happiness,  and  therefore  was  led  to  believe 
the  direction  of  the  terrestrial  axis.  Besidei,  that  they  were  the  places  of  punishment  for 
it  is  well  known  that  the  Asiatic  coast  is  the  widced,  who  were  alternately  wheeled 
equally  cold  in  the  same  latitudes  as  the  At-  into  regions  of  intolerable  heat,  and  afterwards 
lantic  shores  of  North  America.  exposed  to  all  the  rigors  of  the  most  intense 
It  has  likewise  been  a  subject  of  inquiry,  cold.  But  when  we  consider  the  boundless 
whether  the  d^fresfion  of  the  goilofagreat  beneficence  of  the  Divine  Being,  and  that 
part  of  Asia  has  been  produced  by  the  shock  "  his  tender  mercies  are  displayed  over  all  his 
of  a  comet;  and  whether  Siberia  ever  expe*  works,"  we  cannot  for  a  moment  suppose 
rieneed  a  sudden  change  by  a  similar  event !  that  so  vast  a  number  of  these  bodies  would 
T\aM  latter  inquiry  has  been  suggested  by  the  be  created  for  such  an  end.  The  celebrated 
circumstance  of  the  bones  of  elephants,  rhino-  Lambert,  on  the  other  hand,  considers  comets 
oeroaes,  and  other  animals  peculiar  to  the  as  constituting  some  of  the  most  splendid  re- 
torrid  lone,  having  been  found  embedded  in  gions  of  the  universe,  and  that  their  inhabit- 
the  strata  of  that  country,  whidi  has  led  to  ants  are  permitted  to  contemplate  the  scene 
the  supposition  that  Siberia  was,  at  some  re-  of  nature  on  a  scale  of  grandeur  far  surpass- 
moCe  period,  comprised  within  the  tropics,  ing  that  which  is  presented  to  the  population 
Bat  there  is  no  proof,  nor  even  probability,  of  the  planets. 

flud  the  action  of  a  comet  was  concerned  in  Many  of  the  comets  which  exhibit  no  signs 
either  case.  It  has  also  been  supposed  that  of  a  nucleus  appear  to  be  composed  of  very 
the  small  planets,  Vesta,  Juno,  Ceres,  and  light,  transparent,  and  gaseous  substances; 
Pkfias,  the  supposed  fragments  of  a  large  and  therefore  it  is  not  very  probable  that  such 
planet,  may  have  been  broken  to  pieces  by  bodies  are  inhabited.  Comets  in  this  state 
the  shock  of  a  comet  The  circumstance  that  are  supposed,  by  some  philosophers,  to  be 
two  of  these  planets,  Ceres  and  Pallas,  are  only  a[^roaching  to  a  state  of  consolidation 
encompassed  with  an  atmosphere  of  great  But  as  to  those  which  have  a  large  and  solid 
density  and  elevation,  has  been  brought  for-  nucleus,  there  appears  to  be  no  physical  im- 
waid  as  a  presumptive  proof  of  the  reality  of  possibility,  nor  even  improbability,  of  their 
SQch  a  concussion,  and  that  the  cometary  being  the  abodes  of  sentient  and  intellectual 
atmosphere,  not  being  liable  to  destruction  by  beings,  as  well  as  the  other  moving  bodies  of 
the  percussion,  was  imparted  to  these  planets,  our  system.  The  extremes  of  heat  and  cold 
Bot  when  we  consider  the  very  small  density  to  which  comets  are  supposed  to  be  subjected 
of  comets,  it  appears  not  at  all  probable  that  forms  the  principal  argument  against  the  opi« 
even  a  direct  concussion  fipom  such  a  body  nion  that  these  bodies  are  inhabited.  But  in 
woald  have  produced  such  an  effect,  although  reply  to  such  an  objection  it  may  be  stated, 
it  might  have  caused  a  considerable  derange-  that  we  have  no  proof  that  heat  or  cold  de- 
ment of  the  physical  constitution  of  the  pend  altogether  on  the  distance  of  a  body  firom 
planet.  Besides,  this  hypothesis  does  not  the  sun,  but  most  probably  on  certain  circum- 
acoount  for  the  remarkable  fact  that  Vesta  and  stances  connected  with  the  constitution  of  the 
Juno  exhibit  no  traces  of  an  atmosphere  body  itself.  Besides,  it  is  a  &ct,  that  in  the 
which,  in  consistency  with  the  supposition,  heating  of  bodies  there  is  a  certain  point,  b^ 
OQgfat  to  have  been  imparted  to  them  by  the  yond  which  their  temperature  can  never  be 
cbmet,  as  well  as  to  Ceres  and  Pallas.  On  raised ;  as,  for  instance,  in  the  case  of  water, 
the  whole,  we  have  no  direct  or  satis&ctory  which  cannot  be  heated  beyond  the  point  of 
proofr  that  comets  have  ever  come  in  direct  212°  of  Fahrenheit's  thermometer;  and 
contact  with  our  globe,  or  tiiat  they  have  pn^  therefore  the  surftoe  of  a  comet  may  have  a 
docedany  considerable  derangements  through-  certain  point  beyond  which  its  temperature 
out  the  planetary  system ;  and  whatever  spe-  can  never  be  elevated,  even  at  its  nearest  ap> 
dfic  iniluenoe  they  may  produce  on  our  earth  proach  to  the  sun.  *<  When,  by  any  means,** 
and  atmosphere  most  be  deduced  from  future  says  Mr.  Milne,  "the  density  of  bodies,  is 
obsemUionsL  made  to  diange  by  a  process,  whether  of 

rarefiu;tion,  on  the  one  hand,  or  of  condensa* 
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tion,  on  the  oClier,  they  are  always  found  to  acenea  of  the  univerae  wiH  be  fir  mora  divet 
undergo  a  oomspoiD^g  diminution  or  in-  aified  and  expansive  than  thoae  of  the  mka> 
creaae  of  temperature.    When,  therefore,  in  bitanta  of  the  planeta. 
the  approach  of  a  comet  to  the  sun,  all  the       At  one  period  they  will  behold  the  sto* 
partB  of  its  nebulous  envelope  and  tail  which  pendons  globe  of  the  sun  filling  a  great  por^ 
m  the  remoter  regions  of  its  course  had  been  tion  of  Sieir  celestial  hemisphere,  and  be 
gathered  dose  i£out  the  head,  become  ex-  enabled  to  contemplate  the  august  and  ^len- 
panded  and  attenuated,  a  very  large  proper-  did  operations  going  <m  upon  its  surface  and 
tion  of  the  solar  heat,  which  would  otherwise  in  its  luminous  atmosphere,  a  spectacle  o£ 
have  passed  into  the  nucleu8»  and  contributed  grandeur  which  must  be  beyond  conoeptian 
to  raise  its  temperature  to  a  certain  point,  is  sublime  and  overpowering.    At  another  pe- 
carried  off  by  tiie  envelope  and  tail,  in  order  riod  they  will  be  enabled  to  survey,  at  no  great 
to  preserve  an  equilibrium  among  the  several  distance,  the  phenomenon  and  economy  of 
parts."    Mr.  Mifaie  proves  that,  if  we  assume  some  of  the  planetary  worida.    The  comet 
that  the  nebulous  matter  is  elevated  about  of  1744  passed  within  180  terrestrial  diam- 
30  times  its  fanner  height,  the  diminution  of  etore,  or   1,440,000    miles    of  the    earth^s 
density  corresponding  with  the  increase  of  sur&oe,  at  which  dme  ita  inhahitawte   (if 
volume  win  amount  to  27,000,  and  that  a  any)  would  enjoy  an  interesting  view  of  our 
quantity  of  caloric  mH  be  abstracted  corres-  earth  and  moon,  with  their  diversified  mo- 
ponding  to  1,215,000°  of  Fahrenheit    He  tions,  and  the  general  aspect  of  their  sur* 
further  shows  that,  ''when  the  comet  retires  faces.    The  same  comet  twice  traversed  the 
towards  its  q)helion,  where  the  heat  of  the  system  of  Jupiter's  satellites,  when  the  mag- 
sun  becomes  so  much  weakened  on  account  nificent  globe  of  Jupiter  would  appear  at 
of  Uie  distance,  the  condensation  of  the  nebu-  least  300  times  larger  than  the  moon  appean 
lous  matter  forming  the  tail  and  envelope  to  us,  and  when  its  satellites  would  likewin 
aerves  not  oidy  to  fiimish  the  nucleus  with  present  a  very  large  and  ^[klendid  appear- 
Gontinual  supplies  firom  the  heat  acquired  at  ance.    From  such  a  position,  even  with  eyes 
the  periheliim^  but  even  to  render  the  Warm-  such  as  ours,  aasiflted  by  telescopes,  aU  the 
ing  influence  of  the  solar  rays  much  more  diversitf  of  ani&ce  of  this  huge  globe*  is 
efficacious  than  at  a  less  remote  part  of  the  presented  in  its  diurnal  rotation,  with  tbe 
comet's  orbit"*  changes  of  its  belts,  and  the  peculiar  soeneiy 
The  extremes  of  heat  and  cold,  therefore,  of  its  satellites,  woi^  be  distinctly  perceived 
in  comets  may  not  be  so  great  as  at  first  view  Above  all,  the  system  of  Saturn  will  present 
we  should  be  apt  to  imagine,  and  their  con-  a  most  magnificent  spectacle  to  the  inhafail- 
stitntion  may  be  such  as  is  not  incompatible  ants  of  a  comet  when  it  passes  through  tbe 
with  the  idea  that  they  are  inhabited  by  ani-  regions  in  its  immediate  vicinity.    Ita  ezpan- 
mated  beings.    We  are  not,  however,  to  sup-  sive  rings,  filling  a  consideraUa  portion  of 
pose  that  the  constitution  of  beings  like  man  the  visible  firmament,  their  r^iid  rotation 
would  be  adapted  to  the  drcumstauoes  and  round  the  planet,  the  vast  globe  of  Satam 
changes  to  which  comets  are  subjected,  nor  itself  and    the    numerous   satellitea  which 
is  such  a  supposition  necessary  in  order  to  accompany  it,  in  all  their  difierent  phases 
prove  their  inhabitability.    For  in  the  case  of  and  rapid  motions,  will  present  a  aoene  at 
all  worlds  and  beings,  we  must  necessarily  once  diversified  and  sublime.    To  the  inha- 
admit  that  the  Creator  has  adapted  the  con-  bitants  of  cometa,  many  vast  bodies  within 
stitution  of  the  inhabitants  to  the  nature  of  the  range  of  our  system  may  be  viable, 
the  habitation.    We  find  a  striking  variety  which  we  have  never  yet  discovered,  and 
in  this  respect  in  the  constitution  of  the  nu-  which  may  never  be  perceptible  fimm  tbe 
merous  orden  of  sentient  beings  that  people  regi<m  we  occupy.    Traversing  vast  regieos 
the  globe  on  which  we  live ;  and  a  similar  of  space  fiir  beyond  the  orbit  of  Uraavs, 
variety  doubtleas  exists  in  the  peculiar  con-  and   perhaps    approaching    to    the  nearest 
stitutions  of  the  inhalHtants  of  the  difierent  stars,  worlds  may  be  presented  to  their  view 
planets,  and  of  all  the  worlds  in  the  universe,  of  which  we  have  no  conception,  and  tba 
For  any  thing  we  can  prove  to  the  contrary,  planets  which  revolve  around    oUier  suns 
some  of  the  comets  may  be  the  abodes  of  may  be  distinguiahable  in  the  remoter  psit* 
greater  happiness  than  is  to  be  found  in  our  of  their  course.    Enjoying  such  diremfiod 
sublunary  worid,  and  may  be  peopled  with  and  extensive  prospects  of  tiie  operatiaos  of 
rinteltigencea  of  a  higher  order  than  the  race  Omnipotence,  the   intellectaal  beings  wba 
<if  man.    In  consequence  of  the  extensive  re-  reside  on  those  bodies  will  acquire  more  ex- 
gions  through  which  they  move,  and  the  pensive  views  than  the  inhahitanis  of  the 
nne^  of  objects  viiddi  will   succaasiyely  earth  of  the  vast  scene  of  nature  and  of  iha 
burst  upon  their  view,  their  prospects  of  the  perfections  of  that  Allwise   ai»d  Abnigfatf 

*  BliiBe,  Prise  Rssay  on  Comsts,  Part  IV.  Bemg  whose  power  brougf&t  into  eiiileDD^ 
(63^ 
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«s  ;  wliose  inoeMUit  eneigj  Mutaim  in  being,  to  obflerve  how  particular  are  leaolved  into 

aL  che  worlds  in  the  universe.  general  laws,  in  one  word,  to  get  acquainted 

Thenumberof  comets  is  supposed  by  some  with  the  whole  as  well  as  the  detail    Wo 

astronomers  to  amount  to  scTeral  millions ;  may  suppose  that  their  year  is  measured  by 

and  if  so,  they  must  fiequently  pass  near  the  length  of  their  route  from  one  sun  to 

each  other  in  their  long  eccentric  courses,  and  another.    Winter  fiUls  in  the  middle  of  their 

consequently  the  beings  connected  with  them  journey;  each  passage  of  a  perihelion  is  the 

will  have  their  prospects  of  other  worlds  return  of  summer;  each  introduction  to  a  new 

wonderfiilly  dtveraified  and  continually  ex-  world  is  the  revival  of  spring;  and  the  period 

panding.    It  is  likewise  supposed  that  comets  of  quitting  it  is  the  beginning  of  their  autumn, 

sometimes  extend  their  excursions  to  other  The  place  of  their  abode  is  aooominodated  to 

suns.     On  this  point  M.  Lambert  has  the  ftli  their  distances  from  the  fixed  stars,  and 

following  remarks :  "  I  shall  suppose  that  a  the  di£ferent  degrees  of  their  heat  make  the 

gipbe  in  our  system  begins  to  describe  a  para-  fruits  and  vegetables  designed  for  their  use 

bola.     If  this  curve  closes  and  returns  into  blossom  and    ripen.      Happy  intelligences, 

itsciC,  the  globe  will  remain  with  us,  and  ac-  how  excellent  must  be  the  ftmme  of  your  n»> 

quire  a  periodical  motion  round  the  sun.    If,  ture !    Myriads  of  ages  pass  away  with  you 

on  the  contrary,  it  extends  its  limits,  so  as  to  like  so  many  days  with  the  inhabitants  of  the 

become  a  hyperbola,  the  globe  will  recede  earth.    Our  largest  measmements  are  your 

more  and  more  from  the  sun,  and  leave  us,  infinitely  small  quantities ;  oar  millions  the 

never  to  return.    Were  we  to  pursue  the  elements  of  your  arithmetic;  we  breathe  bat 

fugitive  fai  idea,  we  should  see  it  perhaps  at  a  moment ;  our  lot  is  enor  and  death,  yours 

the  end  ofsome  thousands  ofyears  flit  along  the  'Sdenoe  and  immortality.    All  this  is  agree- 

frontiers  of  our  system  and  dive  into  a  neig^  sble  to  the  analogy  of  the  works  of  creation, 

bouring  worid.     The  central  body  of  this  The  frame  of  the  universe  fiunishes  matter 

world  would  then  exercise  its  attraction  o/ver  of  contemplation  as  a  whole  as  well  as  in 

the  new  visitor,  and  give  a  curvature  to  his  each  of  its  parts.    There  is  ndt  a  point  that 

orbit.    Prom  that  moment  one  of  two  things  does  not  merit  our  observation ;  this  magnifi- 

would  happen.   Either  its  path  would  change  cent  fiibric  is  portioned  out  in  detached  parts 

into  an  ellipse,  in  which  case  its  travels  would  to  created  beings ;  but  it  is  in  the  unity  ijf  the 

be  at  an  end,  and  it  would  proceed  to  make  whole  that  sovereign  perfection  shines;  and 

regular  revolutions  round  the  dominant  star  can  we  suppose  that  this  whole  has  no  ol^ 

of  that  system;  or,  perhaps,  after  passing  its  servers  1     The  imaginfttion,  indeed,  after  so 

perihelion,  it  would  again  resume  its  hyper-  sublime  a  flight,  may  be  astonished  at  its  own 

bolic  progress,  and  approaching  the  asymptote,  temerity ;  but,  in  sbcNft,  here  ^the  cause  is  pn^ 

withdraw  in  a  strai^t  Ime,  and  proceed  to  portioned  to  the  efl^  and  there  is  nothing 

viidt  other  worlds.    Thus  we  can  conceive  great  or  small  in  immensity  and  eternity." 

comets  which,  being  attached  to  no  particular  ^.  .„  ««-,«».  .-«  »..*««  »»  <.««•«• 

^ 7"      '      ^      .         „    V^  ,  .  •  ev  THX  XOTIOVS  AMB   OBBITS  Of  COKBTS. 

system,  are  m  common  to  all,  and  which, 

roaming  fit>m  one  world  to  another,  make  the       When  a  eomet  comes  within  the  limits  of 

tour  of  the  universe.    I  ask  why,  in  Uie  in-  our  view,  its  apparent  motion  is  from  east  to 

finite  variety  which  tiie  Creator  has  intn>-  vrest,  and  it  generally  appears  to  rise  and  set 

duced  into  his  works,  such  globes  should  not  like  most  of  the  other  heavenly  bodies.    This 

have  a  placet     Their  destination  may  em-  motion,  however,  like  that  of  tiie  diurnal  mo* 

brace  the  wisest  purposes,  concerning  which  tion  of  the  sun  and  planets,  is  only  apparentf 

we  may  be  alloweid  to  speculate."  and  arises  firom  the  rotation  of  the  earth  upon 

This  celebrated  philosopher  concludes  his  its  axis.  Besides  this  apparent  motion,  it  has 

remarks  on  comets  with  the  following  refleo  area/  and  proper  motion  of  its  owUf  by  which 

tions,  which,  although  somewhat    fiuicifiil,  it  is  continually  shifting  its  place  in  the  hea» 

may  not  be  unworthy  of  the  attention  of  the  vens,  in  conformity  to  the  nature  of  the  oibit 

reader:  in  which  it  moves.    «The  proper  course  of  a 

**  I  love  to  figure  to  myself  those  traveUing  comet  may  be  found  by  observmg  every  night 

globes,  peopled  with  astronomers,  who  are  its  distance  from  two  fixed  stars  whose  longi^ 

stationed  there  for  the  express  purpose  of  con-  tudes  and  latitudes  are  known ;  or  by  finding 

templating  nature  on  a  large,  as  we  contem-  its  altitude  when  in  the  same  asimuth  with 

plate  it  on  a  small  scale.     Their  movable  two  known  fixed  stars;  or  by  noting  four 

observatoiy  cruising  from  sun  to  sibi,  carries  fixed  stars  in  the  point  of  intersection  of  the 

them  in  succession  through  everv  diflerent  two  lines  connecting  which  the  aimet  is 

point  of  view,  places  them  in  a  situation  to  found.    If  the  places  of  the  comet,  as  thus 

avkrvey  all,  to  determine  the  position  and  mo-  observed  every  night,  be  marked  on  the  celes- 

tian  of  each  star,  to  measure  the  orbits  of  the  tial  globe,  a  line  drawn  through  them  will 

planets  and  comets  which  revolve  round  them,  represent  the  comet's  path'  among  the  sturs ;  a 


170 


SIDEREAL  HEAVENS. 


gntt  diele  drawn  thiough  Ibree  dislunt 
plices  will  neirlj  ibow  Ibe  way  it  hai  to  go. 
If  it  bfl  coQtiiined  ti  l  it  intenect  the  elliptic, 
il  will  Bhon  oBtilj  the  place  of  the  noilc  anil 
the  indinalioa  of  the  orbit  to  the  ectijitic."* 
There  ii,  however,  a  practksl  diSicull-  which 
Fig-BS. 


■  the  obflerrer  in  ■Uemptiii^  to  Ui- 
he  trua  IbriD  of  i.  cometarjr  oibiU  A 
smaiiu  so  ahoit  a  time  in  a^ht,  and 


and  tHigbtneaaiaHcame  nearer  to  thcran,  and 
grewfhottet and  lainteiai it wvnt further ftom 

that  Ituniiuij  and  from  ^  earth,  till  the  comet 
•  Dr.  O.  Oia(«f '■  "  Trnlln  nn  JLOnmomj," 


deacnbes  bo  izdiII  a  part  of  ita  oinne  wilma 
our  view,  tiiat,  from  obaervalion  atone,  wilb- 
out  the  auistance  of '  bypalhena,  we  ihoiiU 
not  bo  able  to  determiiK  the  natare  of  itr 
path.  The  onl;  part  of  the  courae  of  a  amiel 
thai  can  ever  1j«  viiiibte  ii  a  poition  thnnigh* 
out  which  the  ellipae,  tbe  parabolt,  aad 
hyperbola,  w  clowlj  rcieiDble  earh  otba 
that  no  obeervatioua  can  be  obtainni  nilh 
luffieient  accuracy  to  enable  di  Io  ili'^titiguith 
Ihem,  The  hypolheaii  most  confonnahle  to 
analogy  ia,  that  the  comet  moves  in  an  rllipw, 
having  the  aun  in  one  of  ibe  tbd,  and  ibal 
the  radius  txclor  from  the  lun  to  tbe  coml 
deacribea  areaa  proportional  to  the  Ihnn,  ar- 
cording  to  the  law  observed  by  the  jdanet* 
If  it  be  luppoaed  thai  the  comet 
describe!  an  eUip»  or  a  panbob. 
in  eonfbnoity  to  the  lawi  of 
Kepler,  then  from  three  geocrB 
trie  placet,  known  by  observatim. 
the  orbit  may  be  determined. 

The  orbtta  of  the  planeta,  il- 
though  ellipticu],  approach  very 
neajl;  to  drctei ;  but  tho«  of 
cooieta  are  eilrcmely  eccentric, 
and  fonn  vcrj  elongated  ellipBM 
Tbe  orbit  of  Hallcy's  cornel  il 
four  limes  fongcr  then  it  is  btoad, 
and  the  orbits  of  those  comeli 
whose  periodical  revolutioo  ei- 
ceeda  a  hundred  or  a  thouBBul 
years  muM  be  still  more  eloDgaltd 
and  cccenlric.  Fig.  8!  rcpreatnti 
Ihe  orbit  of  Haltej's  comet  nearly 
in  its  exact  proportions.  B  C 
represents  the  leiigth  of  the  ellipsii 
in  which  il  performs  its  tctoIb. 
lion:  £  D,  Ihe  orbit  of  tbe  parth. 
somewhat  larger  than  il  ougfal  to 
be  in  proportion  to  the  Cornell 
orbit;  S,^e  sun  in  one  of  ihe 
foci  of  the  ellipse  ;  iSat^  tbe  pio- 
portional  distance  of  the  planrt 
Saturn  from  the  stm ;  and  U,  tbe 
proportional  distance  of  Uranift. 
The  orbit  of  lliis  comet  eitenda 
0  nearly  double  the  distance  of 

Fig.  83  represents  so  much  of 
the  Irajeclorj  of  the  comrt  of 
ISeO  as  il  passed  tlirough  n-hile 
Timble  to  the  inhobitanU  of  our 
globe,  as  delineated  in  Newton's 
"  Principia."  It  shoni  also  the 
tail  as  it  appeared  on  the  days  men- 
tioned in  the  figure.  Like  Ihal  of 
other  comets,  it  increased  in  length 
;Tas  too  distant  to  be  vinble.  This,  coroet  was 
ibseivcd  in  the  morning  fiom  rforeinbet  4 
o  November  25,  1680,  in  its  descent  toward 
I   and  its  pcailioaa  oo  tha 
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17ft,  SIX,  and  SSth  of  that  month  are  hen  postiona  on  the  I30i,  anJ  Slet.  and  S9th  tt 
ohibitML  It  appean  to  have  puaed  it*  December,  and  an  the  Sth  and  2St!i  of  Jann< 
pnibelion  sometime  between  the  Sfith  ci  ar;,  1S8I,  after  returning  from  il*  peribelion, 
Norember  and  the  l&lh  ti  Deramber.  Ita  as  wen  in  the  evening,  As  marlieil  in  the 
figure.     I^e  orbit  of  Ihij  a: 


Fig  84. 


ijtremet;  elongated, 
U  ita  letum  ia  not  expected  for 
more  than  400  years  to  eome. 

Fig.  84,  taken  from  Arago'a 
"  Scientific  Noticea  of  Comcla," 
eihibita  a  repreaentation  of  the 
orbit  of  Biela'a  cOQtet,  with  the 
relative  poeition  of  the  orbit  to 
the  earth.  It  shows  bolli  the 
■pace  and  the  position  it  bccupiija 
in  the  solar  ayatem,  and  the  pointi 
where  ita  orbit  inleraocts  all  the 
planelaij  orbita  through  which 
it  paaaea.  II  exhibiU  ita  course 
Qt  ita  return  in  Novemlier,  1832, 
and  the  path  it  deacribea  till  ita 
eub8fquentreturninl839.  From 
this  figure  it  is  aepn  that  ila  peti- 
hclion  lies  between  the  oihit*  of 
the  earth  and  Venue,  and  that  its 
Bplielion  extends  beyond  the 
orbit  of  Jupiter.  It  would  arrive 
at  that  point  which  ia  most  dis- 
tant from  the  carih,  in  the  spring 
of  183B,  and  will  probably  return 
to  it  in  January,  1843.  The 
nearest  approach  to  it\e  earth  of 
thia  comet  was  61  milliona  of 
miles ;  its  nearest  approach  to. 
the  sun,  83  millions ;  ita  mean 
distance  from  the  sun,  or  half  the 
longest  aiia  of  its  otbil,  337 
milliona;  and  it  is  507  millions 
of  milea  nearer  the  sun  in  ila 
perihcUon  than  in  its  aphclimi. 
To  be  able  to  calculate  and  pre- 
dict the  future  poaitiona  and  ap- 

VipraailalUm  of  the  orbit  of  the  Comfl  of  m^.tmththt  f^^^^y^'ab^r.-aZu^^^l 

relntivt pmition  oflAt  orbit  oft/u:  Earth.  degrceof  perfectionof  aslronomi- 

ral  cafcuim,  which  may  justly  challenge  admi-    be  that  into  which  enters  the  grealcat  number 

ration,  and  which  should  lead  ihoee  who  arc    of  orhita,  all  acijurated  from  one  another,  and 

unanioeinted  with  the  minulis  of  astronomy    which  in  no  one  point  intcraects  the  otfacri 

to  recei-ve  with  confidence  Iho  resulU  which    and  that  the  orbits  of  cometa  correspond  to 

have  been  deduced  by  those  who  have  devoted    this  end  heller  than  those  of  the  planets,  as 

tocnuelves  to  celestial  investigations.  an  immensely  greater  Dumber  of  elliptic  or 

cometsry  orbits  con  be  introiluced  into  the 

■crFOiED  srxBEB  Of  OOHITS.  gysiem  than  ofthose  wliich  are  circular.     On 

It  is  laid  down  as  a  principle  by  M.  Lam-   tiie  ground  of  the  number  of  cdidcIs  which 

bert,  that  as  the  world  is  ^e  expresNon  uf    have  hitherto  been  observed,  and  on  certain 

the  perfeetiona  of  God,  we  must  beheve  that   mathematical    considerations,   he    instituted 

all  the  hearenlr  bodies  are  inhabited,  and   calculationa  which  ted  lo  the  conclusion  that 

"that  univmal >pace  it  repkniihed  with  a>   "at  least  five  hundred  millions  of  cometa" 

many  globu  lu  il  can  contain~»a  a»to  move   might  be  contained  within  the  limits  of  tha 

with  freedom  and  security  within  the  clrrum-    aolar   system.      On    this    point,   M.   Arago 

fcrence  of  the  universe.     Hence  he  infers,    reasons   in    the    following    manner;  —  Thl 

Ibat  the  most  pertect  plan  of  our  sytlem  will    number  of  comets  really  lutonn,  trbose  peii- 
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ImIiod  dMUnoe  ii  leas  than  the  ndiof  of  the       The  nomber  of  oomete  'whom  pflAfl  hmv 

oibit  of  Meicuiy,  amountB  to  thiity.    This  been  perticulariy  obeerved  dating  ttieirnabk 

radius,  and  that  of  the  orbit  of  Uranus,  aie  in  coune  is  about  137.    Of  these,  nxty-nine 

the  ratio  of  1  to  f9 ;  and  the  Tolumes  of  two  moved  in  «  direet  ooorae,  or  aneniiding  to  the 

epheres  aro  toeafch  other  as  the  cubes  of  their  order  of  the  signs,  as  the  planets  do,  and 

radiL    I^  therefore,  we  adopt  the  hypothesis  sixty-eight  in  a  retrograde  duneetion.    As  to 

of  the  equal  distributioa  of  comets  in  all  the  the  dutancts  ef  thtir  periheUons  from  the 

regions  of  our  system,  and  calculate  the   sun  and  the  earth,  thirty  were  found  to  have 

number  of  those  luminaries  whoae  perihelions  their  perihelions  between  the  oibit  of  Meicmy 

are  included  in  a  qphers  whose  radius  is  the  and  the  sun ;  forty-four,  between  the  orbits  of 

distance  of  Uranus  from  the  sun,  the  follow-   Mercury  and  Venus;  thirty-four,  between  tbe 

ing  proposition  would  be  supplied  tons: —  orbits  of  Venus  and  the  earth;  twenty-three. 

As  the  cube  of  1  :  to  the  cube  of  49  :  :  so  is  between  the  orbits  of  the  Earth  and  Man; 

80  :  to  the  number  of  comets  sought;— -or  six,  between  the  orbits  of  Mars  and  Jupiter. 

thus,  1'  :  49' :  :  80 ;  or,  1:1 17,649  :  :  80  :   Beyond  the  orbit  of  Jupiter  no  comets  bave 

3,629,470.  Thus  within  the  orbit  of  Uranus^   been  peroeiTed ;  and  it  is  seldom  they  can  be 

the  solar  system  should  contain  more  than   seen  beyond  the  orbit  of  Mars.  As  to  M«  m- 

three  millions  and  a  half  of  comets;  or,  we  eUnaiion  of  thtir  orbits,  nine  comets  have 

should  rather  find  the  double  of  that  the  true   been  observed  whose  orbits  incline  to  the 

number,  when  we  consider  that  in  this  cal-  ecliptic  finom  0^  to  10^ ;  thirteen,  firom  10^  to 

culation  the  term  which  represents  the  number  30^ ;  ten,  from  20°  to  30° ;  a^Tenteen,  from 

of  comets  contained  within  the  sphere  of   80°  to  40°;  fourteen,  from  40°  to  60°;  twenty 

Mercury  is  certainly  liiuch  too  small,  and  three,  from  60°  to  60° ;  seventeen,  from  60° 

that  it  ought  to  be  conceded  that  the  light  of    to  70 ;  nineteen,  from  70°  to  80° ;  fifteen, 

day,  our  clouded  skies,  and  a  too  southerly  from  80°  to  90°.  It  a{^>eai6,  then,  that  these 

declination,  removes  fit»n  our  si^t  not  fewer.  137  comets  had  their  oibits  inclined  in  almost 

than  every  alternate  one  of  these  bodies,  every  degree  to  the  ecliptic ;  and  it  is  pioba- 

Taking  these  circumstances  into  consideration,  ble  that  this  is  the  case  witU  all  the  ottier 

there  should,  on  the  same  hypothesis,  be  seven  comets  which  belong  to  the  system. 

miUions  oi  comets.  Although  comets  generally  emit  an  ob- 

The  actual  number  of  comets,  however,   seuro  light,  yet  some  have  been  seen  whose 

which  have  been  observed  since  the  com-   splendour  was  so  great  as  to  be  visible  in 

mencement  of  the  Christian  era,  does  not  daylight,  even  at  noon,  and  vdiile  the  sun 

amount  to  above  seven  or  eight  hundred;  but  was  siiining  in  all  its  brightness.    8uch,  it  is 

wlien  we  consider  that  in  the  earlier  ages  of   said,  were  the  comets  which  appeared  in  1403 

astronomy,  and  likewise  in  more  recent  periods  and  1632,  and  thatwhidi  appeared  a  litde 

before  the  invention  of  the  telescope,  only  before  the  assassfaiation  of  Cesar,  and  which 

large  and  conspicuous  comets  were  noticed,   was  supposed,  after  that  event  happened,  to 

and  that  the  greater  number,  in  all  probability,  have  been  an  omen  or  prelude  of  his  deatik 

had  their  visible  coufks  in  the  southern  re-  It  has  likewise  been  stated,  that  comets  have 

gions  of  the  heavens,  and  of  whose  appear-  appeared  of  such  a  magnitude  as  to  have 

ance  we  have  no  records,  it  will  easily  be  eclipsed  the  sun.    Seneca  relates  that  sooh 

conceived   that  their  actual   number  must  a  coincidence  happened  sixty  yean  before 

amount  to  at  least  many  thousands.    Since   Christ,  when  a  large  comet  vras  actually  <A^ 

particular  attention  has  been  directed  to  the   served  very  near  the  sun.*     The  same  author 

astronomy  of  comets,  and  since  the  number  relates  that  a  comet  which  appeared  in  the 

of  oboerven  have  increased,  scarcely  a  year  time  of  the  Emperor  Nero  was  not  inferior  in 

has  passed  without  the  observance  of  one  or  apparont  magnitude  to  the  sun  himself;!  and 

two  of  these  bodies,  and  sometimes  even  two  the  comet  which  Hevelius  observed  in  the 

or  three  have  appeared  at  once.    In  the  year  year  1662  did  not  seem  to  be  less  than  the 

1826,  no  less  than  four  comets  made  their  moon,  though  it  was  deficient  in  iplendour. 

appearance  within  the  space  of  three  months.       Comets  traverse  all  parts  of  the  heavens 

The  first  of  these  was  discovered  by  M.  Gam-   and,  as  already  noticed,  their  oitits  have  every 

hart,  at  Marseilles,  on  May  9,  in  the  head  of   possible  inclination  to  the  plane  of  tbe  eclip- 

Cauiopeia  ;  the  second  by  M.  Valtz,  at  Nis-  tic    They  are,  however,  governed  in  their 

mes,  on  July  13,  in  Taurtus  the  third  by  motionsby  the  same  phyocal  laws  which  regu- 

M.Pono,  at  Florence,  on  August  9,  in  ilur^/   late  the  motions  of  the  planets.    Their  pe- 

the  fourth,  or  Encke's  comet,  about  the  months  riodical  times  are  to  the  periodical  times  of  the 

of  July  or  August     But  it  is  evident  that  planets,  in  the  sesquiplicate  ratio  of  tbeii 

multitudes  must  escape  all  observation,  by  rea-  principal  axes.    Comets^  therefore,  being  foi 

son  of  their  paths  traversing  only  that  portion  m.  ai   t  u   »      .....  ^ 

t>s  »k^  k..«.tl  ^u:  u  :-  «:-uLi    •    *u    j     l'  *  8lr  John  Heraehers  Aatronony. 

or  the  heavens  which  is  visible  m  the  daytime.  f  d,.  q.  Gregory's  Astroaomy. 
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Ihe  mort  pert  hejoad  the  plaoetaiy  Tegione,  made,  and  the  fiicts  in  relation  to  these  bodies 
and  on  that  account  describing  orbits  with  which  have  been  ascertained ;  that  we  should 
much  larger  major  axes  than  the  planets,  le-  compare  the  ▼ariou^  observations  with  eadi 
▼olve  more  sbwly.  Thus,  if  the  major  axis  other,  and  attend  to  the  minutest  circumstances 
of  a  comet's  orbit  be  four  times  as  long  as  and  phenomena  connected  with  comets ;  that 
that  of  the  orbit  of  Uranus,  the  time  of  the  numerous  observers  should  be  appointed  to 
comet's  period  would  be  to  that  of  the  planet  surrej  difierent  portions  of  the  firmament,  both 
as  8  :  1 ;  its  periodic  time  would  therefore  be  in  the  northern  and  southern  hemispheres, 
nearly  672  years;  that  is,  8  X  84  —  the  that  no  comet  that  comes  within  the  limits  of 
period  of  Uranus  »  672.  Although  comets  our  vision  may  pass  uiiobserved ;  and  that 
move  with  great  rapidity  when  near  their  when  a  comet  of  laige  size  approaches  near 
perihelion,  yet  in  the  remote  parts  of  their  the  centre  of  our  flystem,  eveiy  minute  parti- 
coarse  their  motion  must  be  proportionally  cular  in  reftrence  to  its  motions,  and  the 
slow.  changes  which  takes  place  iif  its  nucleus, 

The  motions  i  f  comets  when  approaching  envelope,  and  tail,  be  carelully  observed  and 

Ihe  sun  are  in  certain  cases  extremely  rapid,  delineated  by  accurate  representations, 

rhe  comet  which  was  observed  by  Regiomon-  Whatever  opinions  we  may  adopt  as  to  the 

tanus,  in  1472,  was  said  to  have  paissed  through  physical  constitution  of  comets,  we  must  ad- 

40  degrees  of  a  great  circle  in  twenty-four  mit  that  they  serve  some  grand  and  important 

booxs.    Brydone,  in  his  **  Tour  through  Sid-  purpose  in  the  economy  of  the  universe ;  for 

!;,"  relates  that  he  observed  a  comet  at  Pa-  we  cannot  suppose  that  the  Almighty  has 

lermo»  in  June  and  July.  1770,  which  moved  created  such  an  immense  number  of  bodies, 

through  50  degrees  of  a  great  circle  in  twenty-  and  set  them  in  rapid  motion  according  to 

four  hours.  At  midnight,  on  the  30th  of  June,  established  laws,  without  an  end  worthy  of 

it  passed  the  zenith  of  Palermo  (latitude  38^  his  perfections,  and,  on  the  whole,  beneficial 

I(K,)  and  the  next  day,  July  I,  at  40  minutes  to  the  inhabitants  of  the  system  through  which 

past  eight,  p.  x.,  it  passed  4  degrees  to  the  they  move. 

east  of  the  polar  star.    He  remarks  that,  They  display  the  wiadom  of  their  Creator 

**  supposing  it  at  the  distance  of  the  sun,  at  in  the  arrangements  of  their  orbits  and  mO' 

this  rate  of  tiavislling,  it  would  go  round  the  iions*    As  we  have  eveiy  reason  to  conclude 

earth's  ori)it  in  less  than  a  week,  which  makes  that  at  least  thousands  of  those  bodies  traverse 

about  eighty  millions  of  miles  a  day^ — a  mo-  the  solar  system  in  all  directions,  and  are  cer- 

tion  that  vastly  surpasses  all  human  compre-  tain  that  their  orbits  are  inclined  in  every  pos- 

hension.    And  as  tins  motion  continues  to  be  sible  degree  to  one  another,  and  to  the  orbit 

greatly  accelerated,  what  must  it  be  when  the  of  the  earth,  so  we  find  that  they  have  been 

comet  approaches  still  nearer  to  the  body  of  so  admirably  arranged  by  Divine  Intelligence, 

the  sun !"    It  is  probable,  however,  that  the  that  no  one  of  them  interferes  with  another, 

comet  was  considerably  nearer  the  earth  than  or  with  the  courses  of  the  planets,  so  as  to 

die  distange  of  the  sun ;  but  still  the  velocity  produce  concussion  or  disorder.     The  orbits 

with  which  it  was  impelled  must  have  been  of  some  comets  indeed  are  found  to  approach 

Amazingly  great  veiy  near,  and  even  to  cross  the  orbit  of  the 

Such  is  a  brief  summary  of  the  most  re-  earth  and  the  orbits  of  several  other  planets» 

maikable  fiaicts,  interesting  to  the  general  rea-  and  consequently,  there  \a  9.  possibility  that  a 

den,  which  have  been  ascertained  in  relation  comet  might  come  into  concussion  with  our 

to  comets.    It  is  to  be  hoped  that,  in  the  pro-  globe ;  and  this  consideration  shows  us  that 

giess  ci  astronomical  discovexy,  some  additional  that  we  are  dependent  for  our  present  security 

light  will  be  thrown  on  the  nature  and  the  and  comforts  on  the  wise  arrangements  of  the 

destination  of  those  mysterious  bodies,  whose  Almighty,  in  securing  perfect  harmony  and 

number  appears  so  far  to  surpass  that  of  the  order  amidst  apparent  danger  and  confusion, 

primary  and  secondary  planets  of  our  system.  But  we  have  no  evidence  that  such  a  catas- 

tt  was  long  ago  predicted  by  Seneca,  a  Roman  trophe  has  ever  happened,  either  in  the  case 

philosopher  who  lived  in  the  first  centuiy  of  of  the  earth  or  of  any  of  the  other  planets, 

the  Christian  era,  **  that  the  time  will  come  or  that  one  comet  has  ever  impinged  upon 

when  the  nature  of  comets  and  their  magni-  another.     Believing   that  eveiy  object  and 

tilde  will  be  demonstrated,  and  the  courses  event  in  the  universe  is  arranged  and  directed 

they  take  so  diflkrent  horn  those  of  the  planets ;  by  an  Omnipotent  Contriver,  we  must  admit 

and  that  posterity  will  wonder  that  the  pre-  that  when  the  Almighty  formed  the  wondrous 

ceding  ages  should  be  ignorant  in  matters  so  plan  of  creation,  <<  forseeing  the  end  fi^m  the 

plahi  and  easy  to  be  known."    In  order  that  beginning,"  he  arranged  the  periods  and  the 

this  prediction  may  be  fully  realized,  it  is  re-  velocities  of  comets  in  such  a  manner  thai, 

quisite  that  we  should  become  acquainted  with  although  occasionally  crossing  the  planetaij 

sJl  the  observations  that  have  hitherto  been  orbits,  they  should  not  pass  these  orbiu  at  thr 
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tune  when  the  planets  were  in  their  immediate  the  aoene,  which  would  overpower  Uie  mini 
▼icinily.  And  should  such  an  event  ever  oo-  hoth  with  astonishment  and  with  terror.  Qd 
cur,  we  may  rest  assunnl  that  it  is  in  perfect  the  view  of  such  an  object,  sweeping  along 
accordance  with  the  plan  and  the  will  of  with  such  Telocity,  we  could  acaroeiy  refiain 
Omnipotence,  and  that  it  is,  on  the  whole,  from  exclaiming,  in  the  language  of  inspira- 
subservieut  to  the  happiness  and  order  of  the  tion,  **  Great  and  marvellous  are  thy  works, 
intelligent  universe,  and  the  ends  intended  by  Lord  God  Almighty  !*'  What,  then,  shall  we 
the  Divine  government  If  there  are  thou-  think  of  thousands  of  such  mysterious  oriv 
sands  and  perhaps  millions  of  comets  of  all  winding  their  flight  in  every  direction,  in  per- 
descriptions  traversing  every  part  of  the  plane-  feet  regularity  and  order,  through  the  imnicn> 
tary  regions,  in  orbits  of  every  degree  of  incli-  sity  of  space  I  Surely  these  are  the  wonder- 
nation,  of  extent,  and  of  eccentricity,  we  are  iiil  works  of  Him  who  is  mighty  in  operation 
sure  that  none  but  a  Being  of  infinite  power  and  perfect  in  knowledge, 
and  intelligence  could  have  arranged  such  a  In  all  the  works  of  the  Deity,  we  must  like* 
▼ast  and  complicated  system,  so  as  to  have  wise  admit  that  his  goodness  is  displayed  al- 
prevented  numerous  interferences  and  disasters,  though  we  may  not  be  able  to  trace  the  mods 
and  to  make  the  whole  move  onward  for  ages  of  its  communication ;  for  we  may  lay  it  down 
in  perfect  harmony.  as  an  axiom,  that  wherever  wisdom  and  om- 
The  system  of  comets  likewise  presents  to  nipotence  are  exhibited  throughout  the  Divine 
us  a  display  of  the  omnipotence  and  grandeur  economy,  there  is  also  a  display  of  betuificenee, 
of  the  Deity,  The  number  of  these  celestial  which  appears  to  be  one  prominent  design  of 
visitors,  the  vast  magnitude  of  their  tails,  en-  all  the  works  of  God.  Comets  have  long  been 
velopes,  and  nuclei,  and  the  amazing  velocity  considered  as  objects  of  terror,  and  as  omens 
with  which  they  wheel  their  courses  through  of  impending  calamities ;  but  there  can  be 
the  ethereal  regions,  exhibit  before  us  objects  no  question  that  they  are  as  intimately  c<h)- 
of  astonishing  grandeur,  and  c\ince  the  AI-  nected  with  a  system  of  benevolence  as  are 
mighty  power  of  Him  who  at  first  impelled  the  solar  radiations  and  their  benign  influence 
them  in  their  rapid  career.  The  diameter  of  on  our  globe  and  on  the  other  planets.  It 
the  nucleus  of  the  comet  of  1807  was  estimated  has  been  conjectured  that  comets  may  suf^ 
by  Schroeter  at  4600  miles,  and  that  of  its  moisture  to  the  planets,  and  invigorate  the 
coma  120,000  miles.  Besides  its  principal  vital  principle  of  our  atmosphere;  that  they 
tail,  it  shot  forth  coruscations  to  the  extent  may  recruit  the  sun  with  fresh  fuel  and  repair 
of  four  millions,  six  hundred  thousand  miles,  the  consumption  of  his  light;  or  that  they 
The  nucleus  of  the  comet  of  1811  was,  ac-  may  be  the  agents  for  dispersing  the  electric 
cording  to  the  same  observer,  60,000  miles  in  fluid  throughout  the  planetary  regions;  and 
diameter,  its  coma  or  envelope  947,000  miles,  although  there  is  little  probability  that  such 
and  its  tail  or  train  of  light,  sixty  millions  of  conjectures  are  accordant  with  &ct,  yet  it  may 
miles  in  length,  or  more  than  half  the  distance  be  admitted  that  comets  may  produce  a^Ayst- 
between  the  earth  and  the  sun.  Let  us  con-  cal  influence  of  a  beneficial  nature  (hroughoot 
ceive  such  a  body,  like  the  comet  of  1680,  the  solar  system.  But  what  I  conceive  to  be 
traversing  the  immense  spaces  of  creation  with  one  of  the*  main  designs  of  the  Creator  in  the 
the  velocity  of  ten  hundred  thousand  miles  an  formation  of  such  a  vast  number  of  splendid 
hour,  and  drawing  after  it  a  luminous  train,  bodies  is,  that  they  may  serve  as  habitations 
a  hundred  millions  of  miles  in  length,  ap-  for  myriads  of  intellectual  beings,  to  whom 
preaching  at  one  time  so  near  the  sun  that  his  the  Almighty  bestows  his  perfections  in  a 
circumference  would  appear  to  fill  the  greater  peculiar  manner,  and  on  whom  he  displays 
part  of  the  fimuunent,  and  then  rushing  back  the  riches  of  his  beneficence.  Whatever  may 
through  the  depths  of  immeasurable  space,  be  the  intention  of  those  comets  which  are 
thousands  of  millions  of  miles  beyond  the  orbit  destitute  of  a  nucleus,  this,  in  all  probability, 
of  Uranus,  and  displaying  its  majestic  train  to  is  the  chief  design  of  those  which  are  la^ 
the  other  planetary  worlds  of  our  system — cmd  and  which  are  invested  with  a  solid  nudcas ; 
we  have  presented  to  our  mental  eye  an  object  and  the  same  arguments  which  we  formerly 
of  peculiar  grandeur  and  magnificence,  difier-  brought  forward  to  prove  that  the  planets  are 
ent  from  every  thing  else  which  the  planetary  inhabited  might  be  adduced  in  proof  of  the 
system  exhibits,  and  which  displays  in  an  emi-  inhabitability  of  comets.  If  this  position  be 
nent  degree  the  power  and  magnificence  of  admitted,  then  we  ought  to  contemplate  the 
the  Great  Creator.  Were  such  a  body  to  approach  of  a  comet,  not  as  an  object  of  tenor 
sweep  along  the  regions  which  lie  in  the  im-  or  a  harbinger  of  evil,  but  as  a  splendid  worid* 
mediate  vicinity  of  our  globe,  at  the  distance  of  a  different  construction  from  ours,  coovej- 
of  ten  or  twelve  thousand  miles,  nothing  that  ing  millions  of  happy  beings  to  survey  a  new 
W9  have  ever  beheld  or  can  well  conceive  region  of  the  Divine  empire,  to  coctempUte 
toM  be  compared  to  the  majestic  grandeur  of  new  scenes  of  creating  power,  and  to  oefetnte 
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B  loftier  strains  the  wcmdersof  Omnipotence.*  room  for  the  excursions  of  such  a  yast  num- 

Viewing  the  comets  in  this  light,  what  an  ber  of  these  bodies !  and  what  an  incalculabls 

immense  population  must  be  contained  within  number  of  beings  of  all  ranks  must  people 

the  limits  of  the  solar  system,  which  gives  the  wide-extended  umve«se ! 

*  The  most  complete  account  of  the  pbenomena,  Comets.  5«  BrightneM  of  Comets.  6,  Divided 
&e.  of  comets  I  have  seen  is  a  treatise  on  this  tails  of  Comets.  7.  Coruscations  of  Comctb.  8. 
•ubjeci  in  manuscript,  by  the  Rev.  Thomas  W.  Miscelianeous  notices  concerning  remarltdbie 
Webb,  of  TVsttra,  near  Hots.  This  treatise  con-  cornels.  9.  On  the  influence  of  couiets.  10. 
tains— 1.  A  copious  introduction,  embodying  a  va-  Losses  to  science  containing  an  account  of  the 
riety  of  interesting  general  remarks  in  relation  to  disasters  which  befell  Schroeter,  Uevelius,  Sue, 
this  subject.  2.  A  particular  account  of  the  comet  11.  Hints  to  amateur  observers.  This  volume 
of  180?,  according  to  the  observations  of  dir  Wil-  contains  330  quarto  pages,  besides  a  great  num- 
liam  Jlerschei.  3.  A  description  of  the  same  comet  ber  of  copious  notes,  and  forty-six  figures  of  the 
from  the  observations  jof  Dr.  Joban.  Hieron.  different  appearances  of  couiets.  It  indicates  a 
Schroeter.  4.  An  account  of  the  great  comet  of  very  great  degree  of  labour  and  research,  which 
161  i,  according  to  tbe  observations  of  Sir  W.  the  astronomer  alone  will  be  able  fully  to  appre- 
Herschel.  5.  A  particular  description  of  the  phe-  elate.  TL\  author  appears  to  have  consulted  most 
nomena  of  the  same  comet,  according  to  the  ob-  of  the  vorics  which  have  been  published  on  the 
•ervations  of  Schroeter.  6.  A  description  of  the  subject,  iu  the  English,  Latin,  French,  and  Ger- 
Mcond  comet  of  1811,  according  to  the  observa-  man  languages,  besides  embodying  a  number  of  . 
tJons  of  Sir  W.  Ileischel.  These  observations,  original  observations  and  remarks.  And  what  is 
particularly  those  of  Schroeter,  contain  the  most  not  among  the  leut  important  features  of  the 
minute  descriptions  which  have  hitherto  been  work,  the  author  takes  every  proper  opportunity 
given  of  the  phenomena  of  this  class  of  the  celes-  of  introducing  such  moral  reflections  as  tbe  suh- 
tial  bodies,  and  will  be  found  of  essential  service,  Ject  naturally  suggests,  and  of  directing  the  con- 
pot  only  to  amateur  observers,  but  to  astronomers  templations  of  his  readers  to  II Im  who  sits  on 
•f  every  description.  Tbey  have  been  extracted  the  tbroue  of  the  universe.  The  observations  of 
and  arranged  chiefly  ttom  the  **  Philosophical  Schroeter  contained  in  the  preceding  pages  have 
Transactions,**  and  the  works  of  Schroeter,  which  been  extracted  ftom  this  volume.  It  is  to  be  hoped 
were  published  in  tbe  German  language.  The  that  the  worthy  author,  who  is  already  known  to 
Jppendixj  or  Second  Part,  which  occupies  nearly  a  considerable  portion  of  the  acientinc  world  by 
half  tbe  volume,  comprises  a  lucid  Investigation  his  communications  to  periodicals  and  scientific 
sf  the  following  topics — 1.  Comparison  of  obser-  associations,  will  soon  receive  encouragement  to 
vationa.  S.  Examination  of  hypotheses.  3.  Na-  lay  this  work  before  the  public 
lure,  light,  and  solidity  of  Comets.    4.  Colours  of 
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•EVXmAL  APPZA&AirCB  OT  THB  8TA&BT  HXAYSITS   AT  SITnaXITT  PERIODS    OF    THE  TXAB. 

Tub  foUowuig  descriptions  are  intended  to  at  the  distance  of  14^.  About  15°  east-north- 
pomt  out  to  the  young  observer  the  principal  east  of  Aldebaran  is  a  bright  star  of  the 
Stan  and  constellations  in  the  beginning  of  second  magnitude,  marked  Beta,  or  £l-nath ; 
erexy  alternate  month  throughout  the  year,  from  this  star  to  ZeiOt  in  the  tip  of  the  south- 
■nd  the  particular  quarter  of  the  heavens  em  horn  of  the  Bull,  is  about  8^  in  a  south- 
where  they  may  be  perceived.  The  time  of  em  direction.  This  star  forms  a  right  angle 
observation  is  supposed  to  be  rUne  o^eioek  in  with  Aldebaran  and  Beta.  North  of  Beta, 
the  evening,  except  on  the  1st  of  July;  but  at  the  distance  of  17°,  is  the  bright  star 
the  general  aspect  of  the  heavens,  and  the  Capella,  in  the  constellation  of  >\.uriga,  a  star 
relative  positions  of  the  different  stars  and  of  the  6rst  magnitude,  which  appears  at  a 
eonstellations,  will  not  be  materially  diJQferent  high  elevation  a  few  degrees  south-east  of  the 
when  viewed  an  hour  before  or  after  the  time  ^nith.  In  a  direction  south-east  of  Alde- 
now  specified.  baran  and  the  P|.eiades  is  the  splendid  con- 

A       4i*4Lrr     *i.^i^    £>  T  ^  stellation  of  Orwn.     BellcUrix,  on  the  we8t 

Aspect  of  the  Heamu  on  the  Uf  of  January.  ^^^^  ^^^    j,  ^^^  j^o  •^^.^.^ast  of 

at  mne  o  elock  ,n  the  evemng.  Aldebanm,  which  is  placed  in  the  middle  of 

At  this  time  the  Pleiades,  or  Seven  Stars,  the  line  which  connects  the  Pleiades  with 

are  nearly  on  the  meridian,  at  an  elevation  Bellatrix ;  these  throe  objects  appearing  nearly 

of  more  than  60  degrees  above  the  southern  equidistant  in  a  line  'N.W.  and  8.E.  of  each 

borizon.    The  bri^t  star  Aldebaran,  or  the  other.    Nearly  du6  east  from  Bellatrix,  at 

Bull's  Eye,  which  is  of  a  ruddy  hue,  appears  the  distance  of  7^°,  is  Betelguese,  a  star  of 

to  the  left,  in  a  direction  nearly  east  by  south,  the  first  magnitude  in  the  east  dioulder  of 
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Orion.  AboatlS^  fouth  by  west  of  Bellatriz  of  the  fint  magnitqik,  in  Uie  cangfeBitlw 
is  Bigei,  a  star  of  the  fint  maguitude  in  the  Leo,  which  U  the  ^fih  sign,  and  the  oxth 
left  foot,  and  8^^  to  the  east  ia  Saiph,  a  star  constellation  of  the  zodiac, 
of  the  third  magnitude  in  the  right  knee  of  Turning  our  fiicee  towards  the  north^eail; 
Orion.  These  four  stars  in  the  form  of  a  Vrsa  Major,  or  the  Great  Bear,  is  the  miMt 
parallelogram,  with  the  three  bright  equidis*  striking  constellation  that  meets  the  eje.  The 
tant  Stan  called  the  BeU,  form  the  outlines  two  pointers,  Dubbe  and  Merak^  appear  up- 
of  this  oonstellatiott.  There  is  a  small  trian-  permost,  and  point  westward  to  the  Pole-star; 
gle  of  three  small  stan  in  the  head  of  Orion  while  the  stan  forming  the  tail  seem  to  hang 
which  forms  a  larger  triangle  with  Bellatrix  downwards  from  the  square  of  this  constelU- 
and  Betelguese,  the  two  in  his  shoulders,  tion.  As  the  night  advances,  this  group  of 
(See  ^.  oi  Orion,  pi  30,  and  Plate  I.)  stara  rises  higher  in  the  heavens,  till,  tboat 

North-east  of  Betelguese,  at  the  distenee  throe  in  the  morning,  they  approach  near  the 
of  14^,  is  the  star  Alhcna,  or  y  Gemtnorum,  aenith.  Vr§a  Minor,  on  the  Lesser  Bear,  ii 
the  principal  star  in  the  foot  of  the  Twins;  seen  behw  the  pole,  the  square  of  which  being 
and  about  20^  N.E.,  nearly  in  the  same  right  a  little  to  the  eastwaid  of  the  meridian.  Di- 
line  from  Betelguese,  are  Castor  and  Pollux,  rectly  below  the  Great  Bear,  at  a  very  smsS 
Castor  being  the  uppermost  and  the  bright-  elevation  above  the  horizon,  and  in  a  directioo 
est,  at  the  distance  of  only  4^^  from  Pollux.  N.E.  by  N.,  is  Cor  CaroU,  a  star  of  the 
These  and  the  other  stan  which  lie  adjacent  second  magnitude,  in  CharOf  one  of  the  Gny- 
to  them  form  the  constellation  Gemini,  one  hounds.  North  by  East  of  AldebarHu,  at  the 
of  the  signs  of  the  Zodiac.  The  small  stan  distance  of  30^,  is  the  bright  star  Capeila  io 
immediately  to  the  east  of  Gemini  are  in  the   AartgtL 

constellation  Cancer,  another  zodiacal  con-  Directing  our  view  a  little  to  the  west  of 
stellation  through  which  the  sun  paimns  in  the  meridian,  we  perceive  the  constellatioQ 
July  and  August  In  this  constellation  is  a  Aries,  which  is  immediately  to  the  westward 
nebulous  cluster  of  very  small  stare,  called  of  the  Pleiades,  and  neariy  at  the  same  aid- 
FrsBsepi,  which  may  be  distinguished  as  a  tude.  Above  2000  yean  ago,  in  the  days  of 
foint  cloudy  speck  by  the  naked  eye.  (See  Hipparchus,  this  constellation  occupied  the 
page  78.)  first  sign  in  the  zodiac,  into  which  the  nm 

Immediately  below  Orion  are  the  oonstella^  entered  about  the  21st  of  Mareh ;  but,  as  in 
tions  of  L^nu,  or  the  Hare,  and  Noah's  consequence  of  the  precesttioftq/*/Aee9umoz!0 
Dove,  which  are  very  near  the  horizon.  South  the  constellslaons  gain  about  60^'  on  the 
by  east  of  Orion  is  Cants  Major,  or  the  equinox  every  year,  they  have  now  advanced 
Greater  Dog,  which  is  distinguished  by  its  in  the  ecliptic  neariy  31  degrees  beyond  it,  or 
principal  star  Sirius,  the  brightest  fixed  star  somewhat  more  than  a  whole  aign ;  so  that 
m  the  heavens.  It  is  nearly  straight  south  the  constellation  Pisces  now  occupies  the 
of  Alherui,  in  the  feet  of  the  Twins,  at  same  place  in  the  zodiac  that  Aries  did  2000 
85°  distant,  and  south  by  east  of  Betel*  yean  ago,  while  the  eonsUUaiion  Aries  is 
guese  at  the  distance  of  27^.  A  line  drawn  now  in  the  sign  Taurus,  Taurus  in  Gemini, 
through  the  three  stan  in  the  belt  of  Orion,  dec,  so  that  Aries,  though  the  iSrsf  sign,  is 
and  prolonged,  meets  Sirius  at  the  distance  the  second  constellation  of  the  Zodiac  It  ii 
of  23°.  About  5^°  west  of  Sirius  is  Biirzam,  situated  next  east  of  Piwes,  and  midway  be- 
of  the  second  magnitude,  in  the  foot  of  the  tween  the  THangles  and  Musea  on  the  north, 
Dog.  Neariy  due  east  from  Orion,  but  less  and  Cetus,  or  the  Whale,  on  the  south.  It 
elevated  above  the  horizon,  is  Canis  Minor,  is  distinguished  by  two  bright  stan  in  the 
or  the  Lessor  Dog.  The  centre  of  this  snudl  head,  distant  from  each  other  about  4°,  the 
constellation  is  situated  about  5°  north  of  brightest  being  a  littte  to  the  east  or  n<»th« 
the  equmoctial,  and  midway  between  Gemini  east  of  the  other,  being  about  2d^  west  of  the 
and  Oania  Major.  It  is  distinguished  by  the  Pleiades,  and  19°  south  of  Aimaack,  in  the 
bright  star  named  Proeyon,  which  signifies  foot  of  Andromeda.  North  by  east  from 
•^before  the  Dog."  About  4°  to  the  north-  Aries  is  Musea,  or  the  Fly,  which  coossU of 
west  is  Gomelza,  a  star  of  the  third  magni-  four  or  five  stars,  chiefly  of  the  third  and 
tude.  Proeyon,  at  the  time  supposed,  appean  fourth  magnitudes^  very  near  to  each  other, 
neariy  due  east  from  Betelguese,  at  the  dis-  It  is  situated  between  the  first  star  d  Aiies 
taneeofabout26°.  The  head  of  %<^  lies  and  the  Pleiades,  but  a  little  higher  than 
unmediately  to  the  east  of  Proeyon;  but  either.  North  by  east  from  the  Fly,  at  the 
AJphard,  or  Cor  Hydrte,  the  principal  star  distance  of  about  16°,  and  at  20°  north  by 
of  this  constellation,  is  Hot  risen  at  the  time  west  of  the  Pleiades,  and  at  a  higher  elevip 
•oppowd.  A  little  to  the' north  of  the  east-  tion,is  the  head  of  iMi»/tiia,  the  principal  star 
tm  point  of  the  compass,  and  at  a  very  small  of  which  is  Algol,  which  regolariy  varies  in 
-«  ''onabovethehoruEon,iBi^gulM,astar  itslustre.  (See  p.  60.)  West  by  north  from 
(tOO) 
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Medusa  is  Andromeda^  one  of  the  princit>al  magnitude,  which  is  at  this  time  in  a  dhee- 
rtan  of  which  is  Aimaaeky  at  the  distance  of  tion  nearly  north-west,  and  25^  above  the 
IS^  west  by  north  of  AlgoL  West  of  Al-  horizon.  West  from  t>eneb,  at  tie  distance 
maaek,  at  the  distance  of  12^,  is  Mraeh,  both  of  10^  or  11°,  is  Delta/  and  the  hne  pro- 
of them  stars  of  the  second  magnitade.  If  Ion.ged  about  16^  further  leads  to  the  bright 
the  line  connecting  Almaack  and  Miradi  be  star  Vega,  the  prindpal  star  in  Lyra,  which 
prolonged  8^  further  west  or  sooth-west,  it  is  then  about  6^  above  the  horizon  in  a  direc* 
will  reach  DeitOt  a  star  of  the  third  magni-  tion  north-west  by  north.  North  by  east  of 
tilde  in  the  left  breast  Lyra  is  the  head  of  Draco,  distinguished  by 
West  from  Andromeda,  and  a  little  to  the  four  stars  separate  from  each  other  by  inters 
looth,  is  Pegtt8u»,  or  the  Flying  Horse,  which  vals  of  3°,  4°,  and  5°.  The  one  to  the  south, 
u  disCingniuied  from  the  other,  constellations  or  neairest  Lyra,  is  Etanim,  or  y  Draconis, 
liy  four  bright  stars  of  the  second  magnitude,  whidi  Dr.  Bradley  fixed  upon  in  nis  attempt 
fbnning  a  square,  which  is  generally  termed  to  determine  the  annual  parallax.  At  tlus 
tke  Sqwtn  of  Pegagus.  The  northermost  time  it  is  16^  above  the  horizon,  in  a  direction 
Mar,  which  is  the  brightest  of  tiiree  that  ibrm  N.  N.  W.  About  4?  to  the  north  of  it  is 
a  kind  of  triangle,  is  Sekeat,  whose  N.  decli-  Rastaben,  both  of  them  stars  of  the  second 
nation  is  26il°.  Markab  is  situated  13^  magnitude.  Turning  our  eyes  again  towards 
south  of  Scheat,  and  at  the  time  supposed  b  the  southern  part  of  the  meri<iian,  we  behold 
nearly  due  west,  and  about  22°  above  the  the  head  of  CeiM  or  the  Whale,  about  20° 
western  point  of  the  horizon.  These  two  8.E.  of  Aries,  and  about  24°  8.  by  W.  of  the 
Stan  form  the  toegtem  side  of  the  square.  Pleiades.  It  is  distinguished  by  five  starsy 
East  Ibm  Markab,  at  the  distance  of  16^°,  is  4°  or  5°  asunder,  whidi  form  a  figure  resem- 
Algembt  uid  14°  north  of  Algenib  is  Alphe-  bUng  a  regular  pentagon.  The  brightest  of 
rate;  which  two  stars  form  &e  eastern  side  these  staxs,  which  is  the  eastermost,  and  of 
of  the  square.  Scheat  and  Alpherati  fbnn  the  second  magnitude,  is  Menkar,  whidh 
the  northern,  and  Markab  and  Algenib  the  makes  an  equilateral  triangle  with  Anetis  and 
touthem  sides  of  the  square.  Alpherala  the  Pleiades,  being  distant  from  each  about 
eonstitutes  a  part  of  the  head  of  Andromeda,  23^°.  About  14°  south-west  of  Menkar  is 
but  it  is  also  considered  as  connected  with  Miga,  or  the  Wonderful  Star,  which  is  found 
Pegasus.  About  26°  north  of  Andromeda  is  to  vary  its  apparent  size  from  a  star  of  ^e 
Ciuthpekt,  n^dway  between  it  and  the  Pole-  second  or  third,  to  one  of  the  sixth  or  seventh 
itar.  It  passes  the  meridian  nearly  in  the  magnitude.  (See  p.  50.)  North-west  of 
Mnith  about  the  22d  of  November.  At  this  the  head  of  Uetus,  and  west  of  Aries,  is 
time  it  i^  between  20°  and  30°  west  of  the  the  constellation  Pitees,  or  the  Fishes,  one 
meridian.  (See  pp.  18  and  46.)  The  star  of  the  signs  of  the  Zodiac,  in  which  there  are 
Ctqtky  in  this  constellation,  along  with  Al-  no  remarkable  stars,  most  of  them  being  of 
phenUz  and  Algenib,  are  situated  on  the  the  third,  fourth,  and  inferior  magmtudes. 
prime  meridian  which  passes  through  the  Such  is  the  general  outline  of  the  heavens 
fint  point  of  Aries,  fixMu  which  the  ri^t  as-  as  they  appear  about  the  beginning  of  January, 
oensions  of  all  the  heavenly  bodies  are  mea-  r'-«*w,/  j«^r>«/»..««  ^^  /a«  ix..,...^.  —  *k^ 
Plied.  The  line  connecting  these  stars  form,  ^^^,^/^^^t^^ 
•n  arc  of  the    equifunZl  eohre,  which  1st  of  Idarch,  at  nine  o  clock,  ,.  m. 

passes  through  the  vernal  equinox,  and  across  At  this  period  of  the  year,  at  9  p.  v., 

which  ttie  sun  passes  on  the  21st  of  March,  several  of  the  constellations  whidi  were  seen 

When  we  say  that  the  sun,  or  a  star,  or  a  in  the  beginning  of  January,  have  disappeared, 

planet  is  in  so  many  degrees  of  right  ascen-  such  as  Pegasus,  Pisces,  and  others.   Others, 

■on*  we  mean  that  it  is  situated,  or  has  which  are  still  visible,  appear  in  other  quar* 

tnoved  eastward  so  many  degrees  from  this  ters  of  the  heavens ;  and  some  stars  and  con- 

gieat  drele.    North-west  of  Cassiopeia  is  stellations  which  were  then  below  the  horizon 

Cepkeus,  at  the  distance  of  about  25°,  the  have  risen  to  a  considerable  elevation  above 

bead  of  which  is  in  the  Milky  Way,  and  may  it    Orion  is  now  iA  the  south-west  quarter 

be  known  by  three  stars  of  &e  fourth  magni-  of  the  heavens;  the  Pleiades,  instead  of  being 

tode  in  the  crown,  forming  a  small  acute  tri-  on  the  meridian,  are  due  west,  at  an  eieva- 

angle  about  9°  from  Alderamin,  a  star  of  the  tion  of  84°  above  the  western  p<nnt  of  the 

thud  magnitude  in  the  left  shoulder.  horizon;  the  bright  star  Sirius  is  to  the  west 

Next  to  Cepheus,  on  the  west,  is  Cygnu$,  of  the  meridian,  in  a  direction  S.  8.  W. ; 

or  the  Swan ;  the  principal  stars  of  wmch  are  Canis  Minor  and  Procyon  are  a  few  degrees 

dirtmgnished  as  forming  the  figure  of  a  large  to  the  west  Of  the  meridian ;  Castor  and 

c^oWf  the  upright  piece  of  wMdi  lies  along  Pollux,  directW  north  oi  Procyon,  have  like- 

tfae  Milky  W^.    The  most  brilliant  star  in  wise  passed  the  meridiari ;  Capella  is  seen  at 

liiii  constellation  is  Deneh  Cygni,  of  the  fint  a  hi^  elevation,  30°  west  of  the  zenith; 
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Menkar,  in  the  head  of  the  Whale,  is  within  only  the  bright  star  Betelgnesc  can  be  fainf^ 
a  few  degrees  of  the  western  horizon ;  Aries  seen,  as  it  is  about  to  descend  below  dw 
is  likewise  near  the  wes^m  horizon;   and  western  point  of  the  horizon.  Aries  has  com- 
Cdssiopeia  is  in  a  north-westerly  direction,  pletely  disappeared ;  Caput  Meduse,  Taunis, 
and  at  a  lower  altitude  than  in  January ;  the  Pleiades,  and  Aldebaran,  are  just  verging 
Dencb,  in  the  Swan,  is  very  near  the  horizon,  on  the  borders  of  the  north-western  horiion, 
a  little  to  the  west  of  the  north  point ;  Vega,  and  are  scarcely  visible;  and  the  brilliant  star 
in  the  Lyre,  is  just  rising  at  a  short  distance  Sinus  has  completely  disappeared  from  the 
to  the  east  of  it ;  the  h^  of  Draco  is  in  a  nocturnal  sky.    The  Head  of  Hydra,  widi 
N.  N.  £.  direction,  about   18^   above  the  Alphard,  its  principal  star,  are  in  a  south- 
horizon  ;  the  Great  Bear  is  at  a  higher  eleva-  westerly  direction ;  Canis  Minor  and  Proqran 
tion  than  in  January,  and  the  Pointers  in  a  are  in  a  direction  W.  8.  W.,  considerably  to 
direction  N.  N.  E. ;  and  Cor  Cavoli  appears  the  west  of  Alphard,  but  nearly  at  the  same 
in  a  direction  east  by  north,  about  midway  altitude.  North  of  Procyon,  at  a  considerBble 
between  the  zenith  and  the  horizon.  distance,  are  Castor  and  Pollux,  about  mid- 
The  following  constellations,  among  others,  way  between  the  zenith  and  the  western  point 
now  appear  which  were- under  the  horizon  in  of  the  horizon.    At  a  considerable  dirtmoe 
January  i-^Hydra,  the  largest  star  in  which  to  the  north-west  of  these  is  CapeUa,  coBfiide^ 
is  Alphard^  or  Cor  Hydro.   It  is  at  this  time  ably  nearer  the  north-weetem  hofrizon  dun 
in  a  direction  6.  S.  E.,  about  28°  above  the  the  zenith.     Cassiopeia  appears  very  low  in 
horizon.    It  may  be  distinguished  from  this  altitude,  near  the  northern  quarter  of  the 
circumstance,  that  there  is  no  other  consider^  heavens,  and  the  Great  Bear  appears  near  hs 
able  star  near  it   It  is  23°  8.  S.  W.  of  Regu-  most  elevated  position,  not  far  from  the  zenith, 
lus.    The  constellation  LeOf  which  was  only  the   two   Pointers   pointing  nearly  diiectljr 
partly  visible  in  January,  now  appears  in  its  downwards  to  the  Pole-star,  while  at  the  aune 
splendour  towards  the  eastern  part  of  the  sky.  hour  in  November,  they  point  almost  directly 
Regains,  one  of  its  largest  stare,  situated  with-  upwards.     Regulus  is  about  22°  west  of  the 
in  half  a  degree  of  the  ecliptic,  is  distinguished  meridian,  at  a  considerable  elevation ;  Dene* 
as  being  the  largest  and  lowest  of  a  group  of  bola,  in  die  same  constellation  (the  Lion,)  ii 
five  or  six  stars  which  form  a  figure  or  curve  just  on  the  meridian,  at  a  little  higher  altitude 
somewhat  resembling  a  sickle.    East  of  Re-  dian  Regulus.    Aicturus  is  seen  in  a  diree- 
gulus,  at  the  distance  of  25°,  is  Denebola,  in  tion  £.  8.  £.,  at  a  very  considerable  eleva- 
tbe  Lion's  tail,  which  appears  nearly  in  an  tion,  and  26°  north-west  of  it  is  Cor  Caroii, 
eastern  direction  35°  above  the  horizon.  East  not  very  far  from  the  zenith.    The  stars  in 
from  Leo  is  the  constellation  Virgo  /  but  all  the  Northern  Crown  appear  due  east,  midway 
the  stars  connected  with  it  have  not  at  this  between  the  zenith  and  the  horizon.    The 
time  risen  above  the  horizon.    It  is  situated  brilliant  star  a  Lyrs  appears  near  the  north- 
midway  between   Coma  Berenices,  on  the  east,  about  23^°  above  the  horizon.    The 
north,  and  Corvus  on  the  south.      Coma  Swan  is  near  the  N.  N.  £.  quarter  of  die 
BereniceSf  which  consists  of  a  cluster  of  small  aky,  and  one  of  its  principal  stars,  Deneb,  is 
stars,  is  in  a  direction  nearly  due  east,  and  about  14°  above  the  horizon.    The  principal 
about  midway  between  the  zenith  and  the  stars  in  Draco  appear  elevated  20°  above  a 
horizon.    East  by  north  of  this  cluster  at  a  Lyra,  and  nearly  in  the  same  direction, 
low  elevation,  is  Bootes,  the  principal  star  of       The  principal  constellations  which  were 
which  is  Arctunu,  of  the  first  magnitude.  It  formerly  invisible  are — the  soudi-eastem  por- 
IB  at  this  time  in  a  direction  east  by  north,  tion  of  Virgo,  Libra,  Taurus  Puniaiowski, 
14°  degrees  above  the  horizon.    Further  to  Serpentariua,  and  Hereuiea.      These  coo- 
the  north,  and  at  a  lower  elevation,  is  Corona  steUations  appear  near  the  eastern  and  sootb- 
Borealis,  or  the  Northern  Crown,  the  prin-  eastern  portions  of  the  sky.    The  bright  star 
cipal  star  in  which  is  called  Alphaeca,  of  the  of  the  first  magnitude,  Spica  Virgims,  which 
third  magnitude,  and  1 1  °  east  by  north  of  was  below  the  horizon  in  March,  is  now 
Mirac,  or  i  Bootes.      This  constellation  is  elevated  24°,  and  may  be  seen  in  a  directiac 
distinguished  by  six  principal  stars,  which  are  8.  8.  £.    It  is  35°  south-east  of  Denebola, 
so  placed  as  to  form  a  circular  figure,  some-  and  about  the  same  distance  8.  8.  W.  of 
what  resembling  a  wreath  or  crovm.  Arcturus ;  three  stars  of  the  first  magnitodSv 

„         t  A  i*  ^1    ET  AX.  which  form  a  large  equilateral  triangle,  point* 

General  Appearcmct  of  the  Heavens  on  the,  .^^  ^  ^  soudi.  A  m'milar  trian^pobting 

Ut  of  May,  at^t.yt.  ^^  nordi,is  fonned  byArctunis,Denebola, 

At  this  period  several  of  the  more  splendid  and  Cor  CaroU.    The  principal  star  in  Her- 

conatellations  which  adorn  our  nocturnal  sky  cules  is  Ras  Atgethi  ;  and  Kas  ARague,  5* 

during  winter  have  disappeared.    Orion  is  from  it,  in  the  head  of  Ophiuchus,  may  te 

nearly  hid  beneath  the  western  horizon,  and  seen  nearly  due  east,  at  a  small  elevadeo 
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•hove  the  horizon,  Ras  Algethi   being  the  The  constellation  of  Aquikiy  or  the  £agle, 
brightest  and  the  highest    Libra  is  situated  which  was  formeriy  invisible,  now  makes  its 
to  the  sooth  of  the  Scrpeniy  and  to  the  east  appearance  in  the  south-east     AUair,  its 
of  Virgo.    Its  two  brightest  stars  are  of  the  principal  star,  of  between  the  first  and  second 
pecond  magnitude;  the  one  is  named  Zuben-  magnitude,  is  distinguished  by  being  nearly 
etehamaU,  21°  east  of  Spica  Virginia,  but  at  in  the  middle  between  two  stan  of  the  third 
a  much  lower  altitude;  the  other  is  called  magnitude,  each  of  them  S*' distant  from  it  in 
Zubtnelgemaln,  about  QJ**  above  the  other  a  line  bearing  8.E.  and  N.W.     Altair  is  at 
towards  the  north-east.    At  thia  time  they  this  time  about  37®  above  the  south-eastern 
appear  in  the  south-east  quarter  of  the  hea-  horizon.  North-east  of  Aquila  is  the  Dolphin, 
vena,  at  no  great  elevation  above  the  horizon,  at  the  distance  of  18*'  or  14®.    It  is  a  bcautl- 
The    constellation    Semens    lies    between  ful  little  cluster  of  stans,  consisting  of  about 
Corona  Borealis  and  Libra.     Ite  principal  18  in  number,  including  five  of  the  third  mag- 
star  ia  of  the  second  magnitude,  and  named  nitude,  but  none  larger,  which  are  so  arranged 
Unukf  it  may  be  known  by  being  nearly  in  as  to  form  the  figure  of  a  diamond,  pointing 
the  middle  between  two  smaller  stars,  the  N.E.  and  S.W.    It  ia  sometimes  known  by 
lower  one  being  ^^,  and  the  upper  6^®  from  the  name  of  Job's  Coffin,    North  and  north- 
it    It  ia  in  a  direction  E.  8.  E.,  at  about  24**  west  of  the  Dolphin  are  SagiitOy  and  Vulpe- 
above  the  horizon.  cula  et  Anser,  or  the  Fox  and  Goose ;  south 

Aspect  of  the  Heavens  m  the  1st  of  July,  at  ?f  ^^'^  >  Capricamus,Bi^  south-east  of 

10  P.M.  *^  Aquarius ;  but  these  last  are  more  dis- 
tinctly seen  in  the  month  of  September.  The 
Aa  the  twilight  at  this  season  is  too  strong  Milky  Way  runs  along  with  considerable 
to  admit  of  particukr  observations  at  9  p.  x.,  brightnest  in  the  neighbourhood  of  Aquila, 
I  have  fixed  the  hour  of  ten  as  the  moat  pro-  Vulpecula,  Delphinus,  and  Cygnos. 
per  time  for  perceiving  the  principal  atara.  .                      j<  ^f     r.. «       i  *r 
Most  of  the  southern  consteUations  whidi  ^PP^orane^  ojf  the  Sidereal  Heavens  on  the 
were  visible  in  January,  and  which  are  the  "*  of  September,  at  9  p.*. 
most  brilliant,  have  now  disappeared ;  and  At  this  time  Altair  is  nearly  on  the  meri- 
those  in  the  north  are  in  positions  in  the  hea-  dian  at  an  altitude  of  46^®,  and  Vega,  or  o 
tens  veiy  different  from  those  on  which  they  Lyra,  is  about  16®  west  of  the  meridian,  in  a 
appeared  in  winter.    The  Northern  Crown,  direction  north  by  west  from  Altait .    Ras 
the  Serpent,  and  Libra,  are  now  to  the  west  Algethi  and  Raa  Alhague  are  west  from  Altair, 
of  the  meridian ;  Arcturus  is  considerably  to  nearly  midway  between  that  star  and  the 
the  west  oi  the  meridian,  but  at  a  high  eleva-  south-western  point  of  the  horizon.    To  the 
tion ;  immediately  below  which,  at  a  consider-  north-west  of  Vega  is  the  head  of  Draco,  at 
able  distance,  is  Spica  Virginia,  very  near  the  the  distance  of  nearly  20®.    Arcturus  is  in  a 
8.   W.  by  W.  point  of  the  horizon.     Cor  position  west  by  north,  within  19®  of  the  ho- 
Caroli  appears  north  by  west  of  Arcturus,  at  rizon.    The  Northern  Crown  ia  in  a  higher 
a  consideTable  distance,  and  at  a  high  altitude;  elevation  than  Arcturus,  nearly  due  west, 
immediately  below  which,  at  a  considerable  rather  nearer  the  horizon  than  the  zenith.  Cor 
distance,  and  nearly  due  west,  is  Denebola.  Caroli  appears  nearly  N.W.  by  W.  at  23®  of 
The  Great  Bear  is  now  considerably  west  of  altitude ;  and  the  Great  Bear  in  a  north-west- 
the   meridian,  at  a  high  altitude,  the  two  erly  direction,  and  at  a  lower  altitude  than 
pointen  pointing  eastward  to  the  Pole-star,  formerly.    To  the  east  of  the  meridian,  Ca^ 
Castor  and  Pollux  have  just  descended  below  pella  ia  seen  in  a  direction  nearly  N.N.E.,  at 
the  horizon  near  the  north-west ;  and  Capella,  an  altitude  of  1 5®.    East  of  Capella,  at  a  little 
which  never  sets  in  this  latitude,  is  very  near  lower  elevation,  is  Menkaltna,  or  j3  Aurigie,  a 
tlie  north  point,  only  a  few  degves  above  the  star  of  the  second  magnitude.     Cassiopeia 
horizon.   Cassiopeia  is  near  the  north-eastern  appears  in  the  north-east,  about  midway  be* 
quarter,  at  no  great  elevation,  and  a  Lyre  is  tween  the  zenith  and  the  north-eastern  hori- 
at  a  very  high  altitude  to  the  east  of  the  zon.    The  Square  of  Pegasus  is  in  a  direction 
meridian ;  east  of  which,  at  a  lower  altitude,  east  by  south,  and  is  in  a  much  higher  eleva- 
ia  Deneb,  one  of  the  principal  stars  in  the  tion  than  in  July.    The  Dolphin  is  a  few  de- 
Swan.   The  fimr  stare  fornung  the  square  of  grees  east  of  the  meridian,  and  N.E.  6f  Altair, 
Pegasus  are  now  seen  a  little  to  the  north  of  at  an  altitude  of  above  50®.   Along  the  south- 
the  £.  point,  in  a  position  nearly  opposite  to  em  quarter  of  the  heavens  are  the  following 
that  in  which  they  appeared  in  January,  constellations : — Aries,  in  a  direction  east  fay 
The  star  Antares,  in  Scorpio,  of  the  fixst  north ;  Pisces,  due  east,  and  next  to  Aries  on 
magnitude,  is  past  the  meridian,  at  an  altitude  the  west ;  Aquarius,  to  the  west  of  Pisces,  in 
of  only  about  11®.  Ras  Algethi  and  Alhague  a  direction  S.S.E.;  Capricomus,  west  finom 
nearly  on  the  meridian.  Aquarius,  nearly  in  the  south ;  Sagittarius 
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and  Sobiericrs  &bieidjn  a  lotith-westerly  di-  perceived.    Caph  is  at  the  highest  altitndi 

rection,  and  Scorpio,  which  lies  still  ibrther  of  the  three,  and  its  distance  firom  Alphentz 

to  the  west.    Most  d  these  constellations,  is  about  doable  the  distance  between  Alpfae- 

ezcept  Aries  and  Pisces,  are  at  a  low  altitude,  ratz  and  Algenib.    If  a  line  connecting  theie 

J ^,_^^^  ^^^i-  rr. ^  *L-  1  -*  rw      *^ro«  ■**"  ^  produced  northward,  it  wiO  ter- 

AppMraneeoftheBuuenionthelBtofNi,^    minate  in  the  pole. 

About  this  time  the  winter  constellations  .i— 

begin  again  to  make  their  appearance  in  our 

hemisphere.  The  centre  of  the  Square  of  The  abore  brief  sketches  may  enable  the 
Pegasus  is  at  this  season  and  hour  nearly  on  young  observer  to  trace  the  principal  stara  and 
the  meridian ;  the  stars  Scheat  and  Maikab,  constellations  by  a  few  observations  at  difier- 
of  which  Scheat  is  the  uppennoet,  appe&r  on  ^nt  seasons  of  tiie  year.  The  altitudeihere 
the  west  of  the  meridian,  and  Alpheratz  expressed  are  stated  in  reference  to  plaoei 
and  Algenib  on  the  east.  Turning  our  eyes  about  52^  north  latitude ;  but  by  makmgoe^ 
to  the  western  part  of  the  heavens,  we  see  the  ^in  allowances  correspcmding  to  the  latitode 
Southern  Fuh,  a  little  to  the  west  of  the  of  the  observer,  the  relative  poations  of  the 
south,  and  its  principal  star,  Fomalhaut,  seve-  >tars  will  appear  nearly  the  same  as  here  n> 
ral  degrees  to  the  west  of  the  meridian,  at  a  presented,  particularly  if  the  difference  of 
very  low  altitude.  To  the  west  is  Capricorn  latitude  does  not  much  exceed  10  degrees. 
nuB,  and  to  the  north-west,  Aquarius.  Aquila,  It  should  be  carefully  remarked  that  the  bear- 
with  its  principal  star  Altair,  is  in  a  direction  i^^^  of  one  star  from  another,  as  here  given, 
west  by  south,  at  about  23°  above  the  horizon.  <u%  strictly  true  only  when  the  star  from 
Deneb  Cygni  is  at  a  very  high  elevation,  which  the  bearings  are  given  is  on  ornoirtAe 
about  30°  west  from  the  zenith,  and  a  Lyrn  meridian^ — (See  note,  p.  88.) 
26°  north-west  of  it,  in  a  direction  W.N.  W.,  As  a  further  aasistanoc  to  the  astnnoinicKl 
at  a  much  lower  elevation.  North  by  west  ^o  in  distinguishing  the  stars,  I  have  drawn 
of  Lyra  are  the  two  stars  in  the  head  of  up  the  following  list  of  stars,  chiefly  of  dw 
Draco,  Etanin  and  Raataben,  about  4°  apart  first  and  second  magnitudes,  stating  Me;mn^ 
Ras  Algethi  and  Ras  Alhague  are  nearly  due  of  the  year  when  they  come  to  the  meridian, 
west,  at  a  very  small  elevation  above  the  ho-  or  due  south,  at  nine  o^cloek  in  the  evening, 
rizon.  The  centre  of  the  Great  Bear  is  nearly  Caph  in  Cassiopeia,  and  Alpheratz  and 
due  north,  and  at  its  lowest  elevation,  the  stars  Algenib f  in  Pegasus,  come  to  the  meridian  on 
in  the  tail  being  to  the  west,  and  the  two  the  10th  of  Novembery  tX  nine  o'clock  in  the 
pointers  a  little  to  the  east  of  the  northern  evening.  Caph  is  near  the  zenith,  and  the 
part  of  the  meridian,  pointing  upwards.  Turn-  other  two  at  a  considerably  lower  ekvstioo. 
ing  our  view  to  the  eastern  quarter  of  the  sky,  At  this  time,  Capella  appears  towards  the 
we  behold  Aries  in  a  south-easterly  direction,  north-east;  the  Pleiades,  Aldebaran,  and 
next  to  Pegasus,  and  at  a  pretty  high  elevap  Orion,  in  the  east;  Deneb  in  Cygnus,  in  the 
tion.  Sou&  bv  east  of  the  first  star  in  Aries  north-west;  Lyra,  west-north-west;  imd  Al- 
ia Menkar  in  the  heat^  of  the  Whale,  in  a  di-  tair,  in  Aquila,  west  by  south, 
rection  S.E.  by  E.,  about  26°  above  the  ho-  Arieti^f  or  the  first  star  of  Aries,  comes  to 
rizon.  North-west  of  the  first  star  in  Aries  the  meridian  on  the  6th  of  December,  The 
is  Mirach,  and  north  by  east  Almaack,  at  a  same  stars  noticed  in  the  preceding  instance 
higher  elevation,  both  of  them  in  Andromeda,  are  still  visible,  but  tho«ie  on  the  east  of  the 
Near  the  north  quarter  is  Capella,  about  mid-  meridian  have  risen  to  a  higher  altitude,  and 
way  between  the  zenith  and  the  horizon.  The  those  on  the  west  have  descended  to  a  lower 
Pleiades  are  seen  nearly  due  east,  followed  elevation  than  on  Nov.  10.  Castor  and  Pol* 
by  the  ruddy  star  Aldebaran,  at  a  lower  ele-  lux  are. at  thil  time  seen  towards  the  north- 
vation.  Below  Aldebaran,  and  to  the  south-  east,  and  Procyon,  a  very  little  above  the 
east,  the  head  and  shoulders  of  Orion  begin  to  eastern  point  of  the  horizon, 
make  tbeir  appearance,  Bellatrix  being  4°  or  Menkar,  in  the  head  of  the  Whale,  arrives 
5°  above  the  horizon,  and  Betelgueae  a  atthe  meridian  on  ^Ae  21^  q^2>ecem^,and  at 
little  lower.  Cassiopeia  is  near  the  zenith,  the  same  time  the  variable  star  Al^  in  Me- 
a  little  to  the  east  of  the  meridian,  and  dusa*8  head,  which  is  37°  due  nMU  of  Men- 
Castor  and  Pollux,  in  Gemini,  are  in  a  direc-  kar.  Altair  has  now  disappeared  fitnn  the 
tion  north-east,  just  a  little  above  the  horizon,  west,  and  Sinus  is  seen  at  a  small  elevatiao 
At  this  time  the  equinoctial  eohre  is  only  a  in  the  south-east. 

few  degrees  to  the  east  of  the  meridian,  and       The  Pleiadea  pass  the  meridian  (miieltt 

the  three  stars  CopA  in  Cassiopeia,  and  il^A«-  of  January^  and  Aldebaran  on  the  lOdk 

ratz  and  Algenib  in  Pegasus,  which  lie  in  When  Aldeharan  is  due  south,  Capella  ii 

the  line  of  its  curve,  may  now  be  distinctly  north  by  east  of  it  near  the  lenitii;  Cor  Ca* 
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rai,  at  a  low  tltitade  near  ibe  north-east;  Arctunifl^  Ras  Algethi,  Raa  Alhague,  and 
Ljra,  near  the  horizon  N.  by  W. ;  Regulus,  Altair,  near  the  eastern  horizon.  Near  the 
in  the  east;  and  the  head  of  Hydra,  east  by  meridian  to  the  west — Cor  Caroli,  Alioth  and 
^noth.  Mizar,  in  Una  Major. 

BeliatriXt  in  Orion,  passes  the  meridian  on  Areiurus  is  on  the  meridian  on  the  fl3dof 
the  2l8t  of  January.  Nearly  at  the  s^me  June.  The  principal  stars  in  Libra  cnbni- 
time  Oapella  and  fi  Aurige  are  on  the  men-  nate  at  a  lower  altitude  about  the  beginning 
dian.    These  three  stars  are  nearly  equidis-   of  July. 

tant  in  a  line  nmning  north  and  south.  Corona  Borealis  is  on  the  meridian  about 

Castor  and  Pollux  and  Proeyon.  These  the  Ut  of  July,  Its  principal  star  is  eleven 
three  stars  pass  the  meridian  nearly  at  the  degrees  cast  off  Bootes, 
same  time,  on  the  24/A  of  February,  Pollux  AfUarest  in  Scorpio,  passes  the  meridian 
and  Procyon  culminate  nearly  at  the  same  on  the  lOth  of  July,  at  a  vezy  low  altitude. 
instant,  and  Castor  about  1 1  minutes  before  Ras  Algethi,  in  Ophiuchus,  and  Has  Alf 
them,  at' which  time  Procyon  is  23°  south  Ac^uf,  in  Hercules,  5^  apart,  culminate  about 
of  Pollux.  Orion  is  then  in  a  south-westerly  the  28/A  of  July ^  nearly  at  the  same  time  as 
direction ;   Aldebaran,  midway  between  the   the  head  of  Draco. 

meridian  and  the  western  horizon;  Menkar,  Vf^gth  or  a  Lyrs,  culminates  on  the  13M 
W.  by  8.,  at  a  small  elevation ;  Sirius,  S.  by  of  August.  To  the  west  of  it,  at  a  great 
W. ;  and  Capella  to  the  west  of  the  zenith,  distance,  is  Arctums,  and  to  the  north-west. 
On  the  east  of  the  meridian,  Regulus  is  S.£. ;  Cor  CaroU.  OapcUa  is  N.  by  £•  at  a  low 
Denebola,  £.  •,  Cor  Caroli,  £.  N.  £. ;  imme-  altitude ;  AUair,  S.  S.  £. ;  and  Deneb  Cygni» 
diately  below  which,  near  Uie  horizon,  is  Arc-  £•  at  a  high  altitude. 

turns.  Altair,  in  Aquila,  is  at  the  meridian  aoout 

PrsBcepe,  in  Cancer,  a  small  cluster  of  stars,   the  30/A  of  August,  at  an  altitude  of  about 
just  perceptible  to  the  naked  eye,  like  a  ne-   46^^. 

bola,  approaches  the  meridian  about  tlie  3d  Arided,  or  Deneb  Cygni,  is  on  the  meri- 
of  March,  at  an  altitude  of  about  60°.  They  dian  on  the  16th  of  September,  at  an  altitude 
•re  N.E.  of  Procyon,  and  S.  E.  of  Pollux,  of  82J°.  At  this  time,  ^Vrcturus  is  W.  8.  W., 
(See  pp.  78-79.)  near  the    horizon ;    Lyra    and  Etanin,  m 

Regulus,  in  Leo,  passes  the  meridian  on  Draco,  west  from  the  meridian,  but  in  a  high 
the  6th  of  April.  At  this  time,  ^^Aoro?,  in  elevation;  Cor  Caroli,  N.  W.,  at  no  great 
Hydra,  is  past  the  meridian  8.  by  £.  from  elevation ;  Hercules,  S.  W.,  midway  between 
Segnlns;  Procyon,  S«  W.;  Sirius,  S.  W.  near  the  meridian  and  the  horizon ;  Altair,  a  little 
the  horizon ;  Orion,  very  low  in  the  west ;  distance  west  of  the  8. ;  and  the  Dolphin  on 
Algenib,  in  Perseus,  Algol,  Capella,  dec,  to-  the  meridian ;  the  aqxiafe  of  Pegasus  in  a 
wards  the  N.  W.  On  the  east,  Denebola  ap-  south-eastern  direction,  Aries  in  the  east,  and 
pean  E.  from  Regulus ;  Spica  Virginia,  8.  £.  Capella  towards  the  north-easL 
at  a  low  altitude ;  Cor  Caroli,  £.  at  a  high  All  the  stars  specified  above,  at  the  periods 
altitude ;  Corona  Borealis,  E.  by  N. ;  and  of  the  year  stated,  pass  the  meridian  (or  cul- 
Lyra,  at  a  low  altitude  N.  £.  by  N.  The  minate)  at  nine  o'clock  in  the  evening. 
G^t  Bear,  at  a  high  altitude,  approaching  Thcreforo,  if  at  any  one  of  the  periods  of  the 
the  zenith,  and  Cassiopeia,  at  a  low  altitude  year  here  specified,  or  a  few  days  before  or 
towards  the  north.  after  it,   an  observer,  at  nine  o'clock   p.x., 

iJ^iiebola,  in  Leo,  culminates  on  the  9d  of  observe  the  principal  star  or  stars  near  the 
May,  at  an  altitude  of  43°.  Regulus  is  25^  meridian,  he  can  scarcely  be  at  a  loss  to  re- 
west  of  it,  and  Phad,  in  the  square  of  the  cognize  them,  as  well  as  some  of  the  other 
Great  Bear,  is  39°  N.  of  it  It  forms  with  principal  star^  and  constellations  on  the  east 
these  two  a  large  right-angled  triangle,  tlie  and  west  of  the  meridian,  whicli  are  aluo  spe- 
right  angle  being  at  Denebola.  It  is  nearly  cified  in  the  above  descriptions.  A  person 
on  the  meridian  with  PJuuL  Other  stars  then  can  never  become  familiar  with  the  mbre  pro- 
visible  are-— Procyon.  W.  by  S. ;  Capella,  minent  stars,  the  relative  position  of  the  dif- 
N.  W;  Arcturu8,E.;  Spica  Virginis,  8.8.  £.;  ferenl  constellations,  and  tlie  general  aspect 
Lyra,  N.  £.,  dec  of  the  heavens,  without  actual  observations. 

Coma  Berenices,  a  beautiful  cluster  of  Even  the  delineations  on  the  celestial  globe 
noall  fltan,  but  scarcely  distinguishable  by  will  not  convey  an  accurate  and  impressive 
moonlight,  is  on  the  meridian  on  the  13th  of  conception  of  the  scenery  of  tbe  heavens,  un- 
May.     (See  p.  78.')   '  less  the  study  of  these  delineations  be  accom- 

Spiea  Virginis  comes  to  the  meridian  on  panied  with  frequent  surveys  of  the  heavens 
^  23d  of  May.  Stars  visible  on  the  west —  themselves.  It  is  hoped  the  preceding  d^ 
Capella,  Castor  and  Pollux,  and  Procyon,  scriptions  will  afibrd  some  assistance  to  thoaa 
nmur  the  western  pmnt    On  the  east — Lyra,  young  observers  and  others  who  wish  to  con- 
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template  Ae  sublime  objects  of  creation  with  Mty,  it  will  again  reach  its  greatest  uxtUm 
their  own  eyes.  ek>ngati<m,  when  it  will  be  seen  in  the  motn- 

ing  before  sonrise.    Its  declination  is  dien 

N.B«    In  the  above  and  the  following  do-  4^  degrees  nmth,  and  western  elongation 

scriptions  of  celestial  phenomena,  a&itude  from  the  son,  26°  IS'.    At  this  period,  about 

signifies  the  height  of  the  star  or  planet  above   four  o*clock  in  the  morning,  it  may  be  seen 

the  horizon;  8.S.E.,  south-southeast;  N.  by   for  more  than  three  weeks, — namely,  frem 


£.,  north  by  east,  ^cc    Degrees  are  marked  about  the  20th  of  April  to  the  25th  of  May. 

thus  ^,  nUnutee  \  seconds^' :  thus,  54^  27^  Its  direction  will  be  nearly  due  east.    Thia 

35'',  expresses   fifty-four    degrees,  twenty-  would  form  the  most  favourable  opportunity 

aeven  minutes  of  a  degree,  and  thirty-five  of  viewing  this  planet,  were  it  not  that  tba 

seconds.    Every  degree  contaiins  60  minutes,  strong  twilight  at  this  season  has  a  tendency 

every  minute  60  seconds,  dec     When  a  hea-  to  OTerpower  its  light 

veniy  body  is  said  to  culminate,  the  meaning  In  the  month  of  July,  if  the  long  twilight 

is,  that  it  has  arrived  at  the  highest  point  of  do  not  prevent,  there  will  be  another  &voar- 

its  course,  or  its  passage  over  the  meridian,  able  opportuni^  of  inspecting  this  planet. 

The  term  is  derived  fit>m  the  Latin  word  During  the  whole  of  this  months  Meicniy 

eulmen,  the  top  or  summit    An  oecultaiion  will  be  at  a  considerable  distance  from  tire 

signifies  the  obscuration  of  a  star  or  planet  sun ;  but  the  best  time  fi>r  observation  wiD 

by  the  interposition  of  the  moon,  or  of  another  be  horn  the  middle  till  the  end  of  the  month, 

planet     Conjunction  is  when  two  or  more  as  the  twUight  will  then  be  less  intense.    It 

stars  or  jdanets  axe  in  the  same  part  of  the  arrives  at  ^e  point  of  its  greatest  eastern 

heavens ;  and  opposition,  when  they  are  180°  elongation  on  the  18th,  when  it  is  nearly  87^ 

asunder,  or  in  opposite  parts  of  the  heavens,  from  the  sun,  and  will  be  seen  in  the  evening 

a  tittle  to  the  north  of  the  western  point  of 

_  the  compass,  about  iartj  minutes  after  sunset, 

or  nearly  nine  o^clock  f.x.    Its  next  greatest 

PHENOMENA  OF  THE  PLANETS  ?^(^  elongation  wUl  be  on  ^  !«*  of  Sep- 

FOR  THE  YEARS  1840  &  1841.  *?°^^.''  ^^PJl  ?J  "^  ^^^  ^  "^^  ?f  ^  ^ 

At  this  period,  it  may  be  seen  m  the  morning 


«  lOiiA  before  five  o'clock,  in  a  direction  nearly 

1.  FOSITIO«  ETC.  O,  TH.  PLANETS  FOE  1840.  ^^  ^^^^  ^^^^  ^^^  ^  ^^^  ^^^ 

1    f*-  P/nr^#  M^.^,«i«/  of  September.    On  the  12th  of  November,  it 

1.  m  Planet  Mercury.  ^^(^  ^^^^  ^^^  elongation,  when  it  wiO 

This  planet  can  be  distinctly  seen  by  the  be  seen  after  sunset  near  the  south-western 
iMked  eye  only  about  the  time  of  its  greatest  point  of  the  horizon ;  but  as  its  southern  da- 
elongation  ;  and  to  those  who  reside  in  high  clination  is  at  this  tioie  about  25  degreei^  it 
northern  latitudes  it  will  scarcely  be  visible  will  descend  below  the  horizon  nearly  at  the 
even  at  such  periods,  if  it  be  near  the  utmost  same  time  with  the  sun.  The  next  eiong^ 
point  of  its.  southern  declination.  tion  is  on  the  2l8t  of  December,  when  it  is 

The  follovring  are  the  periods  of  its  great*  21°  50'  U)est  of  the  sun,  and  will  be  seen  in 

est  elongation  for  1840  :  On  the  8th  of  Janu-  the  morning  between  seven  and  eight,  near 

aiy,  it  is  at  ifcs  western  elongation,  when  it  is  the  south-east  quarter  of  the  horizon. 
23°  lO'  west  of  the  sun,  and  will  be  seen  in       The  periods  most  fitvourable  for  detecting 

the  morning  near  the  south-eastern  part  of  this  planet  in  the  evenings  are,  March  20di 

the  horizon;  but  as  it  is  then  21°  45'  in  and  July  18th;  and  in  me  mornings, Usty 

southern   declination,  and  this  declination,  5th  and  September  1st    During  the  interval 

every  day  on  the  increase,  its  position  at  that  of  a  week  or  ten  days,  both  before  and  after 

time  will  not  be  favourable  for  observation,  the  time  of  its  greatest  elongation,  and  sooa^ 

Its  next  greatest  elongation  is  on  the  20th  of  times  for  three  or  four  weeks  in  succession, 

March,  when  it  will  be  18^  degrees  east' of  when  in  high  north  decUnatbn,  this  pisnet 

the  sun,  and  be  seen  in  the  evening  soon  may  generally  be  seen  in  a  clear  sky  when 

after  sunset    This  will  form  one  of  the  most  in  such  favourable  positions  as  those  now 

fevourable  opportunities  of  perceiving  this  stated.    In  those  regions  of  tlie  globe  which 

planet  by  the  naked  eye,  or  by  means  of  a  lie  south  of  the  equator,  the  planet  will  be  in 

small  opera-glafB.    Its  declination  being  above  the  most  favourable  position  for  observation 

nine  degrees  north,  and  on  the  increase,  it  when  in  sou^  declination, 
will  be  distinctly  seen  for  about  ten  days —  o    fr^    p/    ^  v 

namely,  from  the  16th  to  the  26th  of  March,  ^'  ^^  ^'"^^  ^^'^' 

a  little  to  the  north  of  the  western  point  of       This  planet,  like  Mercury,  is  seen 

the  horizon,  not  &r  from  the  point  at  which  nately,  in  the  evening  towards  the 

tile  sun  sets  at  that  period*    On  the  5th  of  quarter  of  the  heavens,  and  in  the  mooung 
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towards  the  eaalem  quarter.  In  ita  luatie  it  at  fourteen  minutes  past  eight  in  the  monung^ 
azoeeds  all  the  other  stan  and  planets,  and  at  an  altitude  of  about  46^ ;  and  on  the  let 
its  brilliancy  is  such  that  it  can  scarcely  be  of  December,  it  transits  the  meridian  at  nine- 
austaken  by  any  observer  when  its  pooition  teen  minutes  past  aeven  in  the  morning,  at 
fan  the  heavens  is  pointed  out  an  altitude  of  39  p.    At  this  time  (1st  of 

Venus  will  be  seen  only  in  the  morning  Deoember,)  it  rises  nearly  due  east  about  one 
from  the  beginning  of  the  year  till  the  end  of  in  the  morning  and  will  be  pretty  distingiush- 
July.    During  the  months  of  January,  Feb-  able  on  account  of  its  ruddy  aspect  about  an 
ruary,  and  March,  it  will  be  seen  before  sun-  hour  before  sunrise, 
rise,  chiefly  in  tfar^  aouih-eatiem  quarter  of      .     ».^  m    ^    tr^     r         ^  > 

the  heavens.    Throughout  April,  May,  Jmie,     *»    ^  Pl^'neU  n^Jufio,  Ceres,  md 
and  July,  it  will  be  seen  in  the  eastern  and  ^aiia$. 

northreoKtem  parts  of  the  heavens.  During  These  planets  are  not  perceptible  by  the 
the  whole  of  thb  period,  it  will  appear,  when  naked  eye.  The  best  time  for  observing  them 
▼iewed  with  a  telescope,  either  as  a  hal^  with  telescopes  is  when  they  are  at  or  near 
moon  or  with  a  gibbous  phase.  Its  superior  the  period  of  opposition  to  the  sun,  when  they 
conjunction  with  the  sun  happens  on  the  are  nearest  the  earth.  Even  then  it  will  be 
morning  of  the  25th  of  July,  after  which  it  sometimes  diAcult  to  detect  them  without 
becomes  an  evening  star;  but  it  will  not  be  the  aasLrtanoi  of  transit  or  equatorial  in- 
much  noticed  by  common  observers  till  about  struments. 

the  beginning  or  middle  of  September,  cm  Vetta  will  be  in  opposition  on  the  18th  of 
account  of  its  proximity  to  the  sun.  From  May,  when  it  will  pass  the  meridian  at  nud- 
thb  period  it  will  continue  to  be  seen  in  the  nig^t,  at  an  elevatio*^  above  the  horizon  of 
evening  chiefly  in  the  south-western  part  of  27°  34^^.  Its  right  avoension  is  then  16^  61' 
the  sky,  at  a  low  elevation,  till  the  end  of  the  55^^',  and  its  dechnatton,  10°  25jf  south* 
year.  On  the  whole,  this  planet  will  not  be  This  planet  will  be  in  conjunction  with  the 
very  conspicuous  during  1840,  either  to  the  star  i  Libra  on  the  1st  of  March,  at  twmty- 
eye  of  a  common  observer  or  for  telescopic  seven  minutes  past  five  in  the  morning,  the 
observation.  From  the  beginning  of  Septem-  star  being  56^  north  of  Vesta ;  it  will  likewise 
ber  to  the  end  of  December,  it  will  exlubit  a  be  in  conjunction  with  the  same  star  on  the 
gibbous  phase,  like  the  moon  about  three  or  15th  of  May,  at  noon,  when  the  star  will  be 
four  days  before  the  fuU.  29'  south  of  the  planet    On  the  19th  of 

Venus  will  be  in  conjunction  with  Saturn  July,  at  six  in  the  morning,  it  will  be  in  con- 
on  the  22d  of  January,  at  2''  8'  pjv.,  when  junction  with  y}  Libra,  when  the  star  will 
it  will  be  67'  north  of  Saturn.  It  will  be  in  be  only  one  minute  south  of  the  planet,  so 
conjunction  with  Mars  on  the  16th  of  June,  that  they  will  both  appear  in  the  same  field 
at  nzteen  minutes  past  three  in  the  morning,  of  the  telescope.  On  the  26th  of  August,  at 
when  Mars  will  be  46^  north  of  Venus ;  and  nineteen  minutes  past  eight  a.m.,  it  will  be 
it  will  be  in  conjunction  with  Jupiter  on  the  in  conjunction  with  v  Scorpio,  when  the  star 
22d  of  October,  at  8h  84'  pji.,  when  nt  will  will  be  only  11'  south  of  Vesta.  On  Sep- 
be  1°  6'  south  of  that  planet  tember  3d,  at  eight  in  the  evening,  it  will  be 

o    /nL    x>/      <  ar  ^  conjunction  with  4  Ophiuchi,  die  star  11' 

3.  TJie  rianet  Mars,  north  of  the  planet    On  the  2d  of  October, 

This  planet  will  not  be  very  conspicuous  at  half-past  one  in  the  morning,  it  is  in  con- 
dnring  this  year  on  account  of  its  great  die-  junction  with  Saturn,  being  1°  2^  south  of 
tance  from  the  earth,  and  its  proximity  to  that  that  planet;  and  on  the  6th  of  December,  at 
part  of  the  heavens  in  which  the  sun  appears,  ten  minutes  past  one  in  the  morning,  it  is  in 
It  is  in  conjunction  with  the  sun  on  the  4th  conjunction  with  Venus,  Vesta  being  only 
of  May,  after  which  it  will  be  a  considerable    11'  north  of  Venus. 

tioie  before  it  become  conspicuous  to  the  un-  Fallas  will  be  in  oppositi(m  to  the  sun  on 
assisted  eye.  Throughout  the  months  of  the  5th  of  July,  at  thirty  minutes  past  nine 
August  and  September,  and  the  latter  part  of  in  the  evening.  Right  ascension,  18^  44' 
July,  it  will  be  seen  early  in  the  morning,  be-  52" ;  north  declination,  22^  1 1'  37".  It  will 
fore  sunrise,  near  the  north-eastern  quarter  of  pass  the  meridian  about  midnight,  at  an  alti* 
the  heavens.  From  September  till  the  end  tude  of  about  60^  11  J'. 
of  the  year,  it  will  appear  somewhat  more  Ceres  will  be  in  opposition  July  17th,  at 
conspicuous,  but  not  exceeding  in  apparent  six  in  the  morning.  Right  ascension,  19^ 
size  a  star  of  the  third  magnitude.  On  the  54' ;  south  declination,  30°  8'.  It  will  pass 
1st  of  October  it  comes  to  tlie  meridian  at  six  the  meridian  at  an  elevation  somewhat  less 
minutes  pest  nine  in  the  morning,  at  an  alti-   than  8°. 

tude  of  52f  °  above  the  southern  horizon.  On  .    Juno  will  not  be  in  oppositioii  to  the  son 
the  1st  of  November,  it  passes  the  meridian   during  1840. 
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That  the  beit  tune  for  observing  these  that  phmet,  when  viewed  with  a  teksooM 

bodies  is  at  the  period  of  their  opposition  wiQ  having  an  erect  eye-piece,  and  in  the  order 

appear  from  the  following  consideration: —  of  their  distanees  from  Jupiifr.    The  suns 

that  they  are  hetween  two  and  three  times  phenomenon  will  luippen  on  the  8th  of  JmM^ 

nearer  the  earth  at  the  time  of  opposition  at  thirty  minutes  past  eleven  in  the  evening; 

than  when  near  the  period  of  their  conjono-  on  the  1st  of  August,  at  half-past  eight  in 

tion  with  the  sun ;  for  example,  Vesta  is  225  the  evening ;  on  the  27th  of  August,  at  the 

millions  of  miles  distant  from  the  sun,  and  same  hour,  but  <m  the  foes/  of  Jupiter;  on  the 

consequently  only  130  millions  distant  from  20th  of  September,  at  seven  pjf^on  die  eatt 

the  earth  at  the  time  of  opposition ;  but  at  the  of  Jupiter ;  and  on  the  16th  of  October,  st  «x 

conjunction,  its  is  the  whole  diameter  of  the  p.x.,  on  the  west  of  Jupiter, 
earth's  orbit  _  190  millions  of  miles,  further       This  planet  can  scarcely  be  mistaken,  even 

distant, — that  is  820  millions  of  miles,  which  by  a  common  observer,  when  the  quarter  of 

IS  a  distance  about  two  and  a  half  times  greater  the  heavens  in  which  it  is  visible  is  known, 

than  when  it  is  in  opposition.  as  it  is  next  to  Venus  in  apparent  magnitude 

e    rwtL    -Di      A  T     -1  iuid  splendour.    It  will  appear  most  briUiant 

6.  The  Planet  Juptier.^  ^^^  the  end  of  ApiU  and  the  beginning  of 

During  the  months  of  January,  February,  May. 
March,  and  April,  this  planet  will  be  seen  ^  ^.  n,^.  c„*«^ 
chiefly  in  the  morning.  About  the  beginning  ®-  iA«  ^«»»«  ^w«^- 
of  February,  it  will  rise  in  a  direction  south-  This  planet  was  in  conjunction  with  the 
east  by  east,  about  half-past  one  in  the  mom-  sun  on  the  6th  of  December,  1839 ;  and  ther^ 
ing,  and  vdll  come  to  the  meridian,  at  a  fore  it  will  not  be  before  the  month  of  Febra- 
quarter  past  six  in  the  morning,  st  an  eleva-  aiy  this  year  that  it  will  be  in  a  fiivoniabls 
tion  of  about  22^  above  the  soi^them  horizon,  position  for  telescopie  observHtion.  Dniing 
On  the  1st  of  March,  it  will  rise  about  eight  the  months  of  Februaiy,  March,  and  April,  it 
minutes  before  midnight,  and  pass  the  meridian  will  be  seen  only  in  the  morning  before  sun- 
about  half-past  four  in  the  morning.  On  the  rise,  in  the  south-eastern  quarter  of  the  hei- 
1st  of  April,  it  will  rise  at  forty-three  minutes  vena,  at  a  comparatively  low  altitude.  On 
past  nine  in  the  evening,  and  pass  the  meridian  the  Ist  of  Februazy,  it  rises  at  haif-past  fimr 
at  a  quarter  past  two  in  die  morning.  It  in  the  morning,  and  comes  to  the  meridisn 
will  be  in  opposition  to  the  sun,  and  conse-  about  half>past  eight,  at  an  elevation  of  sbtet 
quently  nearest  the  earth,  on  the  4  th  of  May,  16^^.  On  the  1st  of  March,  it  rises  st  foitj 
when  it  will  rise  between  seven  and  eight  in  minutes  past  two  in  the  morning ;  on  the  1st 
the  evening.  From  this  period  till  the  middle  of  April,  at  forty-two  minutes  past  twehe, 
of  November,  when  it  is  nearly  in  conjunction  midnight ;  and  on  the  first  of  May,  it  rises  st 
vrith  the  sun,  it  will  be  visible  as  an  evening  forty  minutes  past  ten  in  the  evening.  It  is 
star,  when  it  will  be  seen  at  different  periods,  in  opposition  to  the  sun  on  the  8th  of  Jane; 
chiefly  in  the  south-eastern,  the  southern,  and  after  which  it  will  be  seen  in  the  evening, 
south-western  parts  of  the  heavens,  at  a  com-  During  the  grater  part  of  the  month  of  Msy, 
paratively  low  altitude ;  but  it  vrill  not  be  it  will  likewise  be  seen  between  ten  in  the 
much  noticed  by  the  naked  eye  sfter  the  end  evening  and  midnight,  but  at  a  low  altitude, 
of  September  on  account  of  its  southern  decli-  It  will  continue  to  be  visible  till  the  month  of 
nation,  which,  for  a  considerable  time,  will  Deoember,but  it  will  be  difficult  to  distingoiah 
be  gradually  increasing.  Towards  the  end  it  after  the  month  of  October,  on  account  of 
of  December  it  will  again  be  seen  in  the  its  low  sltitude  and  its  proximity  to  the  no. 
morning  near  the  south-eastern  quarter  of  the  It  arrives  at  the  point  of  its  conjunction  with 
horizon.  The  best  time  for  telescopic  ob-  the  sun  on  the  16th  of  December.  Tbemoct 
servations  on  this  planet  will  be  from  the  favourable  times  and  positions  fbr  tsking 
beginning  of  April  till  the  beginning  of  telescopic  views  of  this  planet  will  be  during 
September.  the  months  of  May,  June,  July,  August,  snd 

Jupiter  will  be  in  conjunction  with  the  star  September,  espededly  when  it  is  on  or  ncsr 

a'  Libne  on  the  1 6th  of  May,  at  forty-three  the  meridian.     During  the  latter  part  of 

minutes  past  three  in  the  morning,  when  the  August  and  the  months  of  October  and  N<v 

star  will  appear  one  degree  south  of  Jupiter;  vember,  about  an  hour  after  sunset,  it  will  be 

and  on  the  27Lh  of  August,  at  a  quarter  past  seen  towards  the  south-western  quarter  of  the 

two  in  the  morning,  it  will  be  in  conjunction  heavens,  at  a  comparatively  small  elevatioa 

with  the  same  star,  when  it  will  be  84'  bo-  above  the  horizon. 

low  Jupiter.    On  the  21st  of  November,  at       This  planet  is  not  distinguished  for  its 

4'  34^  P.M.,  it  is  in  conjunction  vrith  the  sun.  brilliancy  to  the  naked  eye ;  but  it  exhifaiis 

On  March  6th,  at  three  in  the  morning,  all  a   most  striking  and  beautiful    appesranee 

<ie  satellites  of  Jupiter  will  be  on  the  eaet  of  through  a  good  telescope;  mora  so  then  anj 
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cdier  planet  of  our  system.  It  appears  of  a  S**  15'  pji .,  it  u  again  in  conjunction  with 
doll  leaden  colour  when  viewed  by  the  naked  the  moon,  when  it  is  3^  d'  south  of  that 
eye,  and  b  hot  easily  distinguiahed  from  a  luminary.  On  the  lltfa  of  September,  at 
fixed  star  except  by  the  steadiness  of  its  light,  S^  42'  p.m.  ;  and  on  the  9Ui  of  October,  at 
never  presenting  a  twinkling  appearance  as  four  in  the  morning,  it  is  in  conjunction  with 
the  stars  do;  and  from  which  circumstance  it  the  moon,  and  in  both  cases  it  k  then  about 
may  be  distinguished  from  neighbouring  stars.  3®  south  of  the  moon. 
It  will  be  in  conjunction  with  the  star  Rho 

Ophiuchi  on  the  5th  of  June,  at  51  minutes  N.B.  In  the  preceding  statements,  the  ob- 
mst  8  P.M.,  ^dien  the  <«tar  will  be  about  half  server  is  supposed  to  be  in  62°  north  latitude. 
X  degree  north  of  the  planet  It  will  like-  In  places  a  few  degrees  to  the  north  or  south 
snse  be  in  conjunction  ^ith  the  same  star  aa  of  this  latitude,  a  certain  allowance  must  be 
^e  27th  of  October,  at  ^^  36'  f.k.,  when  made  for  the  times  of  rising  and  the  altitudes 
«he  star  will  be  £fty-four  minutes  of  a  degree  which  tfre  here  specified.  To  those  who  re- 
oorth  of  the  planet.  During  this  year  the  side  in  lower  latitudes  than  52*^  the  altitudes 
rings  of  Saturn  will  appear  to  the  greatest  of  the  dUTerent  bodies  will  be  higher,  and  to 
advantage,  the  openings  of  these  rings  being  those  in  higher  latitudes  the  altitudes  will  be 
then  at  their  utmost  extent.  In  the  begin*  lower  than  those  which  are  here  specified. 
ning  of  October,  the  proportion  of  the  longer  For  example ;  when  it  is  stated  that  8atum 
axis  to  the  transverse  axis  of  the  rings  is  comes  to  the  meridian  at  an  altitude  of  16j°, 
neaiiy  as  35  to  16.  this  planet  will  pass  the  meridian  of  a  place 

»    rwiL    Til      ATT  >n  42°  N.  latitude,  at  an  altitude  of  26A°, 

7.  The  Flanet  Uranus.  ^^^  ^^  meridian  of  a  place  in  62°  N.  latitude. 

This  planet  is  for  the  most  part  invisible  at  an  altitude  of  only  6^°.  There  being  10° 
to  the  naked  eye.  The  best  time  for  detect-  of  difference  in  the  latitude  of  the  supposed 
ing  it  by  means  of  a  telescope  is  when  it  is  places,  the  altitude  of  the  heavenly  body  will 
at  or  near  the  period  of  its  opposition  to  the  be  10°  higher  in  the  one  case,  and  10°  lower 
son,  which  happens  this  year  on  the  mom*  in  the  other, 
ing  of  the  11th  of  September.    At  that  time 

it  passes  the  meridi^i  about  midnight,  at  an  .^—^ 

elevation  of  about  32  j°  above  tlie  horizon. 

On  the  1st  of  August,  it  passes  the  meridian     II.   POSITIONS  OF  THE  PLANETS 
at  forty  minutes  past  two  in  the  morning;  on  FOR  1841. 

the  1st  of  October,  at  thirty-two  minutes  past 

ten  in  the  evening;  on  the  1st  of  November,  I.  Mercury. 

at  twenty-seven  minutes  past  eight;  and  on 

the  let  of  December,  at  twenty  .eight  minutes  This  planet  is  at  its  superior  conjunction 
past  six,  in  the  evening.  Its  right  ascension,  with  the  sun  on  the  .5th  of  February,  and  at 
or  distance  from  the  first  point  of  Aries  at  its  its  greatest  elongation  on  the  4th  of  March, 
opposition,  September  11,  is  23"  18' ;  and  its  when  it  is  18°  8'  east  of  that  luminary ;  it 
south  declination,  5°  20^  26".  It  rises  during  will  therefore  appear  as  an  evening  star,  in  a 
the  year  at  pointi  a  little  to  the  southward  of  direction  nearly  due  west,  a  Uttle  above  the 
the  eastern  point  of  the  compass.  It  is  in  horizon,  after  sunset,  between  six  and  seven 
oonjonction  with  the  moon  on  the  9th  of  in  the  evening.  It  arrives  at  its  inferior  con- 
Jonnaiy,  at  2^  17'  p.v.,  when  it  is  1°  27'  junction  with  the  sun  on  the  20th  March. 
soQth  cf  the  moon.  It  is  in  conjunction  with  Its  next  greatest  western  elongation  happens 
Mara  on  the  16th  of  February,  at  lio  33'  on  the  17th  of  April,  when  it  is  27°  21'  west 
P.X.,  when  Uranus  is  only  nine  minutes  of  of  that  luminary.  The  planet  will  be  seen 
a  degree  to  the  north  of  Mars ;  so  that  the  about  ten  or  twelve  days  before  and  after  this 
two  planets  would  be  seen  at  the  same  time  time  in  an  easterly  duection,  between  three 
in  the  field  of  the  telescope,  were  not  both  and  four  in  the  morning.  Its  next  superior 
these  bodies  rather  too  near  the  sun  at  that  conjunction  is  on  the  26th  of  May ;  and  its 
time  for  distinct  observation.  It  is  in  con-  next  greatest  eastern  elongation,  on  the  30th 
junction  with  the  sun  on  the  6th  of  March,  of  June,  when  it  is  25°  49'  east  of  the  sun, 
and  with  the  moon  on  the  31st,  when  it  is  and  consequently  will  be  visible  in  the  even- 
s' 1'  south  of  the  moon.  It  is  in  conjunction  ing,  in  a  north-westerly  direction,  after  sun« 
with  Venus  on  the  6th  of  April,  at  seven  in  set.  This  would  form  one  of  the  most  fovour- 
the  morning,  when  it  is  40'  north  of  Venus,  able  opportunities  of  seeing  this  planet,  as  it 
On  the  25th  of  May,  at  forty-five  minutes  is  then  in  a  high  north  declination,  were  it 
past  nine  in  the  evening,  it  is  in  conjunction  not  that  the  strong  twilight  at  this  season 
with  the  moon,  when  it  is  2°  39'  south  of  prevents  small  ol>jects  in  the  heavens  from 
thai  Imninaiy.    On  the  Idth  of  August,  at   being  easily  distinguished.    Its  next  greatest 
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elongation  is  on  Aag;uat  16th,  when  it  is  18^ 
37'  west  of  the  sun,  when  it  will  be  eeen  in 
a  north-easterly  direction,  about  four  in  the 
morning.  It  is  again  at  its  greatest  eastern 
elongation  on  die  25th  of  October,  when  it  is 
nearly  24^  east  of  the  sun.  It  will  be  near 
the  south-western  part  of  the  sky  about  sun- 
set ;  but  its  great  southern  declination  at  that 
period  will  prevent  it  from  being  easily 
distinguishable.  On  the  3d  of  December,  it 
will  reach  the  point  of  its  greatest  western 
elongation,  when  it  is  20^^  west  of  the  sun, 
when  it  may  be  seen  fi>r  a  week  before  and 
after  this  time,  about  seven  in  the  morning, 
in  a  direction  a  little  to  the  north  of  the  south- 
east point  of  the  compass,  at  low  altitude. 

2.  Veniu, 

Venus  will  this  year  exhibit  a  more  frequent 
and  brilliant  appearance  to  common  observers 
than  in  1840.  It  will  be  an  evening  star,  first 
in  the  south-western,  next  in  the  western,  and 
afterwards  in  the  north-western  quarter  of  the 
heavens,  during  the  months  of  January,  Feb- 
ruary, March,  April,  and  the  beginning  of  May. 
During  the  greater  part  of  January,  it  will 
appear  nearly  in  a  south-westerly  direction, 
and  W.  8.  W.  Throughout  February,  it  will 
appear  nearly  west,  and  west  by  north. 
Throughout  March,  April,  and  the  beginning 
of  May,  it  will  be  seen  in  a  north-westerly  di- 
rection, Will  be  visible  in  a  pretty  high  eleva- 
tion above  the  western  horizon,  and  will  con- 


tinue for  the  most  part  neariy  three  houf  s 
above  the  horizon  after  sunset     Its  greatest 
britliancy  is  about  the  8th  of  April,  when  it 
appears  in  a  crescent  form.    V^hen  viewed 
by  the  telescope  in  January,  it  wlQ  present  a 
gibbous  phase,  like  the  moon  four  or  ^we  days 
before  or  after  the  ftilL    In  February  and 
March,  it  will  be  in  the  form  of  a  haif-moon,' 
in  April  and  the  beginning  of  May,  it  will 
assume  the  figrure  of  a  crescent;  this  creaoent 
will  appear  more  and  more  slender,  but  more 
expansive,  till  within  a  few  days  of  ita  inferior 
conjunction  with  the  sun,  which  takes  place 
on  the  1 5th  of  May,  about  one  in  the  morn- 
ing.   After  this  period,  this  planot  will  be 
seen  by  the  naked  eye  only  in  the  mommg 
before  sunrise,  in  an  easterly  and  north-east- 
erly direction,  till  the  end  of  the  year ;  but 
with  an  equatorial  telescope  it  may  be  dis- 
tinctly seen  every  clear  day,  even  at  noon, 
during  its  whole  course  frx>m  one  conjunction 
to  another,  with  the  exception  of  only  two  or 
three  weeks  in  the  course  of  nineteen  months. 
Its  greatest  brilliancy,  after  passing  ita  inferior 
conjunction,  is  about  the  twentieth  of  June ; 
previous  to  which  it  will  appear  as  a  ci«soent, 
and  will  afterwards  gradually  assume  a  hal^ 
moon  and  a  gibbous  phase. 

Venus,  in  its  course  throughout  this  year, 
will  pass  vciy  near  some  of  the  other  planets 
and  some  of  the  fixed  stars.  The  following 
table  exhibits  the  times  and  circumstances  oS 
those  conjunctions  in  which  Venus  makes  the 
nearest  approach  to  some  of  these  bodies  : 


Time  of  conjunction. 


1.  Jan.  12 

2.  —  25 

3.  Feb.  18 

4.  March  22 

5.  April  7 

6.  —  23 

7.  July  12 

8.  —  12 

9.  —  13 

10.  —  24 

11.  —  31 

12.  August  4 
18.  —  6 
14.  ^  12 
16.  —  19 

16.  Sept  10 

17.  —  12 

18.  —  28 

19.  Oct  3 

20.  _  10 

21.  —  13 
82.  —  26 


.... 
.... 
.... 
.... 
.... 
.  .  .  « 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
•  •  .  . 
.... 
.... 


.... 


.... 


Star  in  conjunction, 
h.  m. 
1111  A.M.    0-Aqaari  .  .  .  . 
Uranus    .  .  .  . 
fPisdum.  .  .  . 
cArietis  .  .  •  , 


1  25  A.M. 
7  46  A.M. 
0  1 1  A.M. 


Relative  poiltion. 

•     O^IS'N. 
Ura.0    4N. 
0     3N. 


6  56  A.M.  ePleiadum  .  . 

6  31  P.M.  The  Moon     . 

7  43  A.M.  «'  Tauri  .  .  , 
3  52  P.M.  «•  Tauri  .  .  . 
1  4  A.M.  «^  Tauri  .  ,  . 
3  40  A.M.  mTauri  .  .  . 

11  16  A.M.  f  Tauri    .  .  . 

9  25  A.M.  x^  Orionis   .  . 

1  26  P.M.  ;r^  Orionis  .  . 
3  63  A.M.  ir(3eminorum 
7  12  P.M.  CGeminorum 

2  45  A.M.  6  Cancri  .  .  . 
7  50  A.M.  The  Moon  . 
0  13  A.M.  oLeonis  .  .  . 
7  35  A.M.  d  Leonis .  .  . 
9  2  A.M.  ^t  Leonis  .  • 
9  56  P.M.  ff  Leonis  .  . 
9  42  P.M.  ^Viiginis  .  . 


Ven.  0  59  N. 
0  11  S. 
0 
0 
0 
0 


0 
0 


8N. 
51  S. 


Ven. 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


20  8. 
6N. 

46  S. 
67  N. 
14  8. 
30  a 
36  8. 
4  & 
38  N. 

21  . 
6  & 

43  8. 
16  N. 
29  N. 

14  a 


In  the  above  table,  the  first  column  states  with  Venus ;  the  second  coiunm  oootunt  ths 
Iha  thne  of  oonjundion  of  the  star  or  planet  same  star  or  planet ;  tod  the  third,  the  d» 
(710) 
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taee  and  pontion  of  the  star  or  planet  from  ber,  and  December.    On  the  18th  of  April, 

Teniu.    N.  denotes  that  the  star  is  north  of  about  two  in  the  morning,  it  arrive*  at  the 

Tenus ;  and  8.,  that  it  ie  south.    A.M.  de-  point  of  its  oppoaition  to  the  sun,  when  it  is 

Botes  oefore  twelve  at  noon;  and  F.M.,  after-  nearest  the  earth,  when  it  appears  with  a  full 

noon.     In  those  conjunctions  marked  Nos.  I,  enlightened  hemisphere,  and  when  it  affords 

%  3,  4,  8,  9,  13,  15,  17,  18,  20,  22,  the  star  the  best  opportunities  for  telescopic  observa- 

snd  tLd  phmet  will  be  seen  in  the  same  field  tion.    It  will  be  most  conspicuous  this  y^ 

of  view  of  the  telescope;  and  although  the  in  the  evening,  during  March,  April,  May, 

observation  should  require  to  be  made  in  the  June,  July,  and  August,  and  will  be  distin- 

day  time,  the  star  may  probably  be  distinguished  guished  from  surrounding  stars  by  its  ruddy 

if  the  telescope  have  a  great    magnifying  appearance.    During  the  months  of  July, 

power.    The  conjunction  of  Venus  with  Ura-  August,  and  September,  it  will  be  seen  chie^ 

nu»  on  the  25th  of  January,  at  twen^^•>five  near  the  south-western  portion  of  the  sky. 

minutes  past  one  in  the  morning,  will  afford  On  the  11th  of  March  it  is  ttationary  f  tnat 

an  opportunity  to  amateur  obseners  of  ob*  is,  appears  without  any  apparent  motion ; 

snving  this  latter  planet,  which  is  invisible  to  after  which,  its  motion  is  retrogradCf  or  coi^ 

the  naked  eye.    Although  both  these  bodies  traxy  to  the  order  of  the  signs  of  the  Zodiac, 

will  be  set  to  the  inhabitants  of  Britain  before  and  so  continues  till  the  29th  of  May,  when 

the  conjunction  take  place,  yet  they  will  be  it  is  agam  stationary ;  after  which  its  motion 

both  seen  in  the  same  field  of  the  telescope  is  direet  or  according  to  the  order  of  the  signs, 
between  six  and  eight  o'clock  on  the  preced-       The  planet   Mars  wiO  be  in  conjunction 

ing  evening,  and  they  will  not  be  far  distant  with  S  VirginiB  on  the   Ist  of  January,  at 

on  the  evening  immediately  succeeding  the  thirty-two  minutes  past  four  p  Ji .,  when  the 

conjunction.      At  New  York,  Philadelphia,  star  will  be  17'  south  of  the  planet    It  will 

Boston,  and  other  parts  of  the  United  States,  be  in  conjunction  with  «  Virginis  cm  the  4th 

these  planets  will  be  seen  about  an  hour  or  of  April,  at  eight  o'clock  in  the  morning,  when 

an  hour  and  a  half  before  the  time  of  oonjunc-  the  star  will  be  49^  north  of  Mars.    It  will  be 

tkm,  Uranus  appearing  very  near  Venus,  and  in  conjunction  with  a*  Librs  on  the  10th  of 

uppermost,   when  viewed  with   a  telescope  August,  at  nineteen  minutes  past  two  F.X., 

having  an  erect  eye-piece.  the  star  1°  56'  north.    On  the  16th  of  Sep- 

N.  B.  AB  the  above  and  the  precedmg  and  *^"'^'' »»  fiftytbree  minutes  past  three  in  the 

Mlowing  atatements  are  calcuUted   for  the  morning,  the  star  g  Ophiuclu  will  be  in  con- 

meiidiaji  of  Greenwich,  and  are  exprea^rf,  J""^""'  "J  *?  ^"^".  "^  ^^  1'  to  the 

__  s_  _.<-~.«>;<^/  k.,»  :«  — •— •;  «;.^  south ;  so  that  the  two  Indies  will  seem  almoel 

not  m«,/n«o«»e<.A  but  m«»./ time.  to  toudi  each  other.    On  the  27thof  Septen 

3.  Mars.  \^f^  about  six  o'clock  in  the  evening,  this 
During  this  year  this  planet  will  make  a  planet  will  be  in  conjunction  with  Jupiter, 
eonspicnous  appearance,  and  be  seen  in  its  when  Mars  will  appear  2°  4'  to  the  south  of 
brightest  lustre ;  but  its  declination  being  Jupiter.  On  the  4th  of  October,  at  thirty-fiv« 
south  throughout  the  year,  it  will  not  rise  to  minutes  past  ten  pai .,  it  will  be  in  conjunc- 
so  high  an  idtitude,  nor  remain  so  long  above  tion  with  6  Ophiuchi,  when  the  star  will  ajn 
the  horizon,  as  in  some  former  years.  During  pear  only  6'  south  of  tho  planet  On  Deoom- 
the  months  of  January,  February,  and  March,  ber  18th,  it  will  be  in  conjunction  with  t  Ga- 
it Will  be  seen  only  or  chiefiy  in  the  morning,  pricomi,  at  8  >  47'  p.m.,  when  the  star  will 
in  a  south-easterly  direction.  In  the  beginning  be  only  eight  minutes  of  a  degree  south  of 
of  January,  it  will  appear  ndarly  in  a  direction  Mars. 

east  by  south,  soon  after  the  time  of  its  rising.  a  tr  ^  r  ai  j  n^it^ 
On  February  tiie  firBt,it  comes  to tiie  meridian  ^-  ^"'«'  -^"^^^  ^^*  ^  ^^^' 
about  five  in  the  morning,  at  an,  altitude  of  These  planets  will  all  be  in  opposition  to  the 
about  29° ;  and  on  March  the  first,  at  thirty-  sun  this  year.  Vesta  will  be  in  opposition  on 
seven  minutes  past  three  in  the  morning,  at  the  22d  of  October,  at  twenty-one  minutes 
an  altitude  of  27^.  About  the  middle  of  past  three  in  the  morning.  ItwiU  transit  the 
March,  it  will  rise  about  half-past  nine  in  the  meridian  about  midnight,  at  an  altitude  of  38° 
evening,  and  may  be  seen  about  an  hour  or  20'.  Right  ascension,  2^  2'  27" ;  nnth  da- 
two  afterwards  near  the  south-west  quarter  of  clination,  20'  23"  On  the  20th  of  April,  at 
the  heavens.  From  this  period,  it  will  be  1**  25^  p.m.,  it  is  in  conjunction  witii  the 
•sen  in  the  evening,  till  the  end  of  the  year;  star  ji?  Piscium,  the  star  1°  34'  north  of  the 
bat  as  its  distance  firom  the  earth  will  rapidly  planet.  On  the  22d  of  April,  at  lO**  56'  am^ 
increase  after  the  months  of  August  and  Sei^  it  is  in  conjunction  with  r  Piscium,  the  star 
tember,  and  as  it  is  then  in  a  high  degree  of  1°  11'  South  of  Vesta.  On  the  24th  of  An* 
•outh  declination,  it  will  not  be  much  noticed  gust,  at  l**  44'  a.w.,  the  star  v  Ceti  will  be  in 
liy  common  observers  during  October,  Novem-  conjunction,  the  star,  1 4'  north  of  V  esta ;  both 

mi) 
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these  bodies  will  thexefore  be  seen  in  the  same  the  horizon  comparatively  Aatt    Its  dtitiidi^ 

field  of  a  telescope.  when  passing  the  meridian  aboat  the  begiiH 

Juno  will  be  in  oppontion  on  the  19th  of  ning  of  December,  is  only  14^  46^.    Its  qp> 

If  arch  at  2^  4^  p.x.,  and  will  come  to  the  position  to  the  sun  happens  on  the  5th  of 

meridian  about  midnight,  at  an  altitude  of  June,  at  10'*  16'  p.m.    It  will  appear  chiefly 

41°  3'.    Right  ascension,  llii  69^  55'' ;  north  in  a  southerly  and  south-westerly  diiectioD  in 

declination,  8°  S'  15^'.    Juno  will  be  in  con-,  the  evenings  of  July,  August  and  September, 

junction  with  ij  Viiginis  on  the  4th  of  March,  The  best  time  for  telescopic  obserratious  on 

at  3**  24'  P.X.,  the  star  28'  south  of  Juna '  this  planet  in  the  evening  will  be  fiom  Apiil 

On  the  25th  of  April,  at  noon,  it  will  be  in  till  the  end  of  August 
conjunction  with  v  Virginis,  when  the  star       On  the  20th  of  April,  at  a  quarter  past 

will  be  only  7'  north  of  the  planet  This  con-  three  in  the  morning,  all  the  satellites  of  Ju- 

jupction  will  afTord  a  fiivourable  opportunity  piter  will  appear  on  the  west  side  of  tho 

for  detecting  Juno.    On  the  24th  of  May,  at'  planet,  when  viewed  with  a  telescope  baring 
7h  12'  A.M.,  it  will  again  be  in  conjunction*'  an  erect  eye-piece,  and  m  the  order  of  that 

with  V  Virginia,  when  the  star  will  be  36'  distances  from  Jupiter.    The  same  pheno> 

south  of  the  planet    On  the  22d  of  June,  at  menon  will  hi^ypen  on  the  8th  of  June,  at 

8"  36'  A.X.,  it  will  be  in  conjunction  with  it  thirty  minutes  past  eleven  in  the  etening. 

Virginis,  the  star  45'  north  of  the  planet  On  the  5th  and  18th  of  July,  (on  the  €o<^  of 

Pallas  is  in  opposition  to  the  sun  on  the  Jupiter,)  at  forty-five  minutes  past  nine  in 

4th  of  September,  at  5'^  34'  P.V.,  when  it  the  evening;  on  the  27th  of  September,  it 

will  come  to  the  meridian  at  an  altitude  of  7^  dC  p.m.;  and  on  the  17th  of  November, 

40^^  41 1'.    Right  ascension,  22'>  37';  north  at  S^"  p  jc. 
declination,  2<»  41'  20".    Pallas  wiU  be  in  g   Saturn, 

conjunction  with  the  star  17  Aquarii  on  the 

20th  of  September,  about  one  in  the  morning,       This  planet  will  be  seen  only  in  the  mora* 

when  tho  star  will  be  22'  south  of  Pallas.  ing  from  the  beginning  of  January  till  the 

Ceres  is  in  opposition  on  October  ISth^  at  beginning  of  May.    On  the  1st  of  Februur, 

twenty-two  minutes    past   eleven  am,,  and  it  will  rise  at  5**  8'  a.m.,  in  a  direction  nearly 

comes  to  the  meridian  at  that  time  at  an  ele-  south-east,  and  will  come  to  the  meridian  at 

vation  above  the  southern  horizon  of  32^  45^'.  9^  6'  a.m.,  at  an  altitude  of  15°  35' ;  on  the 

Right  ascension,  l**  35'  20";  north  dedina-  1st  of  March,  it  rises  at  twenty-eight  minotM 

lion,  5^  14'  30'^.  past  three  in  the  morning;  on  the  Ist  of 

.     w     ..  April,  at  thirty-one  minutes  past  one;  and 

o.  Juptter.  ^^  ^^^  ^^  ^f  ^^y^  ^^  thirty. two  minutes  past 

This  planet  passed  its  conjunction  with  the  eleven  in  the  evening.     From  January  till 

■un  on  the  21st  of  November,  1840,  and  will  May  the  planet  will  be  seen  chiefly  in  a 

appear  as  a  morning  star  during  the  months  south-easterly  direction  in  the  morning,  at  a 

of  January,  February,  March,  and  ApriL    On  small  elevation   above  the  horizon.    From 

the  1st  of  January,  it  will  rise  near  the  south,  July  till  October  it  will  be  seen  in  the  even- 

at  thirty-four  minutes  (>ast  five  in  the  mom-  ing,  chiefly  in  a  southerly  and  sonth-by-west 

ing,  and  will  pass  the    meridian  at  forty  direction.    It  is  in  opposition  to  the  sun  00 

minutes  past  nine,  at  an  altitude  of  nearty  the  21st  of  June,  when  it  rises  about  eight 

17^.    On  the  1st  of  February,  it  will  rise  in  in  the  evening,  and  passes  the  meridian  aMnit 

the  same  quarter,  at  fifty-six  minutes  past  midnight    It  will  be  in  conjunction  with  the 

three,  and  come  to  the  meridian  about  eight  sun  on  the  27th  of  December.    Its  right  aa* 

On  the  Ist  of  March,  it  will  rise  at  twenty-  cension  on  the  1st  of  January  is  17^  43',  and 

two  minutes  past  two  in  the  morning,  and  its  south  declination,  22^  21'.    On  the  31tf 

pass  the  meridian  at  twenty-eight  minutes  of  December,  its  right  ascension  is  18^  SO't 

past  six.    On  the  1st  of  April,  it  rises  at  and  south  declination,  22°  40'.    On  accoont 

twenty-eight  minutes  past  twelve,  midnight ;  of  its  great  southern  declination  and  it*  ri* 

and  on  the  1st  of  May,  at  thirty-two  minutes  cinity  to  the  sun,  it  will  not  be  much  noticMl 

past  ten  in  the  evening;  after  which  it  will  dtuing  the  latter  part  of  October  and  the 

continue  to  be  seen  in  the  evening  till  about  months  of  November  and  December, 
the  middle  of  November.    It  will  be  in  con-       During  this  year  the  ring  of  Saturn  will  be 

junction  with  the  sun  on  the  morning  of  the  in  a  very  &vourable  position  for  telespoftf 

23d  of  December,  after  which,  it  will  be  a  observation,  the  elliptical  figure  of  the  liiifc 

morning  star.    The  declination  of  Jupiter  on  appearing  nearly  at  its  utmost  width,  so  tbsl 

January  Ist  is  21°  3j'  souths  and  on  the  1st  it  will  i^pear  very  nearly  to  cncompasa  Ifas 

of  December,  23°  13}'  south.    On  account,  planet    The  best  periods  for  telescopic  oh- 

therefore,  of  its  great  southern  declination,  its  servations  in  the  evening  will  be  from  lbs 

aititude  will  be  low,  and  its  duration  above  month  of  May,  till  the  end  of  September. 
(712) 
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7.   Vircmui,  America,  except  a  partial  edipee  of  the  moon, 

TT             ni  V    •             •«•      4    At.  August  13th,  at  7^  23'  a.v.,  Greenwich  time. 

.Jl^jt  ^  V^^^.i?             K  ThUedij-e  will  be  vWble  at  PhUwtelphi., 

S*  If*^  "f  S?P««°*«;>.*'  10"  7'  ^-J-.  T'/"^  New  YorrBcton,  uid  moat  part,  of  lO 

*"^ri?T  ^..ry^^K    ^f^  America,  bnt  not  in  Britain.    OnMareh4th, 

.*?  "^  fJfJ       ^A  TT     ,i  *"»  ^i"  be  an  (mm(&r  eclipse  of  the  m>n 
du.  period,  Sa"  33J';  wuth  declmaUon.  3'  ^,  ^j,,  ^  ^l^j^  ^  j,^^  ^ 

45.    It » in  oomanchon  with  Venu.  on  the  j        ^           27th  Sere  will  be  a 

asth  of  January,  at  twenty-five  mmutw  part  t^'^^      of  the  ron ;  middU  of  the  ecUpM 

one  in  the  morning,  widjBdirtant  from  Venu.  .b^utT^^.    These  two  inte«Mting  ecBpie. 

only  four  mm«te.  of  a  degree.    It  u  m  con-  ^  ^^  ^^^  ^j^   i„  t^^  eastern  partirf 

jnnctton  ^Oh  Vesta  on  the  9th  ^  Apnl,  at  j^    ,^  j„  ,^^  ^'^^           „f  ^^      j^ 

Tk"^^^?*;*.^  fofl    1^!   Bast  Indies,  the  Indian  (Can.  Australia,  &c 
north  of  Verta.    On  Ae  Ist  of  September,  it  ^,  ,^  ^j       „f  q^  „        j^,„  ^"^^ 

p.«e.  the  meridian  at  fifty^ne  mmute.  past      ^^  ed^  of  the  «i  on  August  87th  j 
twdve,  midnight;  on  (flie  1st  of  October,  at  ^^  ^^  ^,^  ^  ^^  i„,i^"2  boft  ia' 

TTJ!  ^       ^  ^?  J? .?'  *"'°^*'  Britain  and  America. 
OQ  the  Ist  of  November,  at  forty-three  mmutea 

p«>t  eight;  on  the  1st  of  Decendber,  at  forty.  .clips.s  iir  1841. 
lour  mmntes  past  six ;  and  on  the  1st  of  Ja- 
nuary, 1842,  at  forty-four  minutes  past  four  This  year  there  will  be  six  eclipses,  lour 
in  the  afternoon.  The  most  eligible  periods  of  the  sun  and  two  of  the  moon,  at  the  fol- 
for  detecting  this  planet  by  means  of  the  tele-  lowing  times : — Of  the  sun,  January  22d,  at 
•cope  are  the  months  of  August,  September,  5"  23',  a  partial  eclipse,  visible  only  in  a 
October,  and  November.  small  portion  of  the  soutiiem  ocean ;  of  the 

moon,  February  6th,  at  2'*  6'  i.v.,  visible  in 

N.B.  The  preceding  descriptions  of  pla-  Grreat  Britain ;  of  the  sun,  a  partial  eclipse, 

netary  phenomena  are  chiefly  intended  to  in-  February  21st,  at  IP  4'  ▲.x.,  visible  chiefly 

£xm  common  observers  as  to  the  seasons  of  in  the  North  Atlantic  Ocean,  Iceland,  and 

the  year  when  the  diflerent  planets  may  be  East  Greenland ;  of  the  sun,  a  partial  eclipse, 

seen,  and  the  quarters  of  the  heavens  to  July  18,  at  2^  24'  p.m.,  visible  in  Baffin's 

which  they  are  to  direct  their  attention  in  Bay,  Iceland,  Norway,  Sweden,  Russia  in 

order  to  distinguish  them.    It  may  be  proper  Europe,  Prussia,  Germany,  Scotland,  &c^ 

to  observe,  that  the  planets  in  general  cannot  but  invisible  at  Greenwich;  of  the  moon,  a 

be  distinguished  by  the  naked  eye  for  about  total  eclipse,  August  2d,  at  lO**  1'  a.m.  ;  of 

a  month  before  and  after  their  conjunctions  the  sun,  a  partial  eclipse,  August  16th,  at  9'^ 

with  the  sun,  except  Venus,  which  may  fire-  19'  pjc,  visible  chiefly  in  the  South  Padflc 

quently  be  seen  within  a  week  before  and  Ocean.    The  times  here  specified  denote  the 

after  its  inferior  conjunction;  but  this  planet  middle  of  the  eclipse, 

will  sometimes  be  invisible  to  the  naked  eye  All  the  above  eclipses    are    invisible  at 

fiM*  a  month  or  two  before  and  after  its  supe*  Greenwich,  and  in  most  parts  of  Britain,  ex* 

rior  conjunction  with  the  sun.  cept  the  total  eclipse  of  the  moon  on  Febni- 

For  a  particular  description  of  the  motions,  ary  6th  and  6th,  of  which  the  following  is  a 

distances,  magnitudes,  and  other  phenomena  more  particular  detail  in  mean  time  at  Green- 

in  relation  to  the  primary  planets  and  thdr  wich : 
satellites,  the  reader  is  respectfully  referred  to 

the  volume  entitled  *< CxLBSTiAL  SciNEftT ;  «.    .        *    *     •*!,             i.      c^'   "' 

or  the  Wondei.  of  the  Planetary  System  Dis-  *^"'  "=°°^='  !"*  penumbra  of 

pUyed."  whei«aU  the  most  intei^ting  facts  r, w' '^"^  "^°?' I  k  ^    '  "  '^    '* 

^ected  with  the  solar  system,  and  the  I"'~t  contact  with  dark  shadow, 

«n«i7  it  displays,  ar.  part>cul.rly  detailed.     ^^J  '^   ta^jerdo;  ik  dark  "'* 

shadow,  Feb.  6 1  17    am, 

"""~"~  Middle  of  the  eclipee,  Feb,  6.   .     2     6|  am. 

Last  total  immersion  in  dark  sha- 

ECLIPSEd  AND  OCCULTATIONS.  dow,  Feb,  6 2  55|  aji. 

Last  contact  with  dark  shadow, 

XCLIPSSB  iir  1840.  Feb.  6 3  52|  ajc 

Last   contact    with   penumbra. 

There  will  be  four  eclipses  this  year,  two       Feb  6.  • 4  49   am» 

of  the  sun  and  two  of  the  moon ;  but  none  of  Digits  eclipsed,  20). 

Hmm  will  be  visible  within  the  limits  of  the 

isles,  nor  in  the  United  States  of       A  large  sohr  eclipee  will  be  visibb  mk 
90  3  0  2  (71SD 
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July  8»  1842;  and  aa  eclipse  of  the  gun  will  been  explained  pp.  14 — 17 ;  and  Platb  III.^ 

be  visible  in  Britain  till  that  time.     That  which  represents  the  north  dicumpolar  atari 

eclipse  will  bo  total  in  the  southern  parts  of  has  been  explained  pp.  17 — 21. 
Fcance»  and  large  even  in  and  near  London.       Plate  IV.  represents  some  of  the  laiger 

At  Greenwich,  it  will  begin  at  4''  53^'  a.m.,  stars  and  principal  constellations  around  Sie 

and  end  at  6>>  43^    DigiU  eclipsed,  9"*  42tir^  South  Pole,  to  the  distance  of  45<>  fivm  that 

Of  course  this  eclipse  will  not  be  visible  in  pole.    It  also  shows  a  portion  of  the  Milkj 

the  United  States,  nor  throughout  any  part  Way  which  traverses  that  region  of  the  hea 

of  America,  as  the  sun  will  not  at  that  time  vens,  and  which  is  said  to  appear  there  with 

be  risen  to  those  places.  peculiar  brilliancy.      One  of  the  principal 

constellations  which  is  fiequently  noticed,  and 

occuLTATiojr.  OF  TMV.  BT  Ta.  Koox  «  which  vpwiB  pecoliari^^iikiiig  to  «».&iing 

-  people  and  otiiere,  is  called  Crux,  or  the 
On  the  26th  of  March,  1841,  the  planet  CroM,  from  the  resemblance  it  bears  to  that 
Venus  will  auffer  an  occultation  by  the  moon,  figure.  It  consists  of  five  atara,  one  of  the 
It  will  begin  to  be  immersed  behind  the  moon  first  magnitude,  two  of  the  second,  one  of  the 
at  forty  minutes  past  -two  o'clock  in  the  aAer-  third,  and  one  of  the  fourth  magnitade.  Four 
noon,  of  Greenwich  mean  time,  and  will  of  these  are  in  the  posttioii  of  file  crosa ;  the 
emerge  fitmi  behind  the  opposite  limb  of  the  northermost  and  southermost  of  whidi  axe 
moon  at  twenty-three  minutes  past  3  p.ai.  always  in  a  line  with  the  soutii  pole,  and 
Another  occultation  of  Venus  will  happen  on  therefore  serve  for  a  direction  in  south  latitiide 
the  12th  of  September,  1841 ;  immersion,  to  discover  that  pole,  as  the  Two  Pointen  in 
thirty  minutes  past  six  in  the  morning ;  the  Great  Bear  serve  to  direct  the  eye  to  the 
emersion,  forty-two  minutes  past  7  a.m.  In  North  Polar-star.  There  is  no  large  or  pro* 
the  occultation  of  March  26,  Venus  will  be  minent  star  at  or  near  the  Sooth  VtAe.  This 
nearly  in  the  form  of  a  half-moon,  and  the  constellation  is  represented  near  the  Ime,  or 
moon  in  the  form  of  a  crescent  Venus  will  meridian,  which  points  at  XII.,  opposite  to 
be  immerged  at  the  dark  (or  eastern)  limb  the  month  of  Ma^,  All  its  stars,  except  the 
of  the  moon,  and  will  emerge  from  the  en-  lowermost,  appear  within  the  limits  of  the 
tightened  crescent  They  will  be  then  nearly  Milky  Way.  The  stars  immediately  beloir 
on  the  meridian,  at  an  altitude  of  about  60°,  the  Cross  belong  to  the  Centaur;  thorn  on 
and  nearly  three  hours  of  right  ascension  east  the  left,  ofvposite  April,  belong  to  Rohur 
of  the  sun.  A  short  time  after  sunset,  Venus  Caroli,  or  King  Charles's  Oak,  which  oon- 
will  be  seen  a  little  west  from  the  lunar  cres-  tains  a  star  oi  ^e  first  magnitude.  Further 
cent,  but  very  near  it  shining  with  consider^  to  the  left,  opposite  March,  is  Ai^  Nant  or 
able  splendour.  Although  this  occultation  the  Ship.  Still  further  to  the  left,  oppoate 
will  happen  while  the  sun  is  above  the  hori-  February,  is  Piaeea  Vokau,  the  Flying  Rsh, 
zon,  yet  both  the  nK>on  and  Venus  will  be  which  contains  a  star  of  the  first  raagnitade, 
easily  perceived  with  a  common  telescope  of  named  Canopus.  This  star  is  maiked  near 
very  moderate  magnifying  power.  In  the  the  left  side  of  the  map,  opposite  the  middle 
occultation  which  takes  pl^  on  the  morning  of  February.  To  the  right  firom  the  Cross 
of  September  12,  Venus  will,  as  in  the  former  are  the  two  fore  legs  of  the  Centaur,  distin- 
case,  be  nearly  in  the  shape  of  a  half-moon,  guishod  by  two  stan  of  the  first  magnitude, 
and  tile  moon  a  slender  crescent  being  only  named  Agena  and  Bungula,  Agena  being  the 
2}  days  from  the  period  of  conjunction  or  one  next  to  the  Croas.  They  are  in  the  Milky 
new  moon.  In  thb  case  Venus  will  be  im-  Way,  and  appear  opposite  the  month  of  Jime. 
merged  at  the  enlightened  limb  of  the  moon.  Next  to  the  Cross  and  the  Centaur,  aa  the 
and  emerge  from  the  dark  limb.  Both  bodies  right,  are  Cireinus,  or  the  Compasses;  the 
will  be  then  in  an  easterly  or  north-easterly  Southern  Triangk,  which  contains  three  stan 
direction,  and  the  immersion  will  take  place  of  the  second  magnitude  in  the  form  of  a  ti^ 
a  little  after  iftinrise ;  about  half  an  hour  be-  angle ;  and  Ara,  or  the  Altar,  which  lies  ad- 
fore  which,  Venus  will  be  seen  a  very  little  jaoent  to  the  right  hand  side  of  the  ou^ 
to  the  east  of  the  moon.  opposite  the  space  between  July  and  August* 

Dupecting  our  attention  to  tiie  upper  part 
' —  of  the  map,  on  the  left,  there  is  the  constella- 
tion Equukus  Pictoria,  or  the   Painter's 
EXPLANATIONS  OF  SOME  OF  THE  Easel,  which  consists  of  a  number  of  small 
ENGRAVINGS  OFV  THE  STARS.  stars.    Next  to  this,  and  a  litUe  above  it  is 

Dorado,  or  the  Sword  Fish,  whidi  cootatnt 

PuLTBS  L  and  H.,  which  represent  por-  two  or  three  stars  of  the  second  and  tiiiid 

tkms  of  the  heavens  as  seen  about  the  middle  magnitudes.      To  the  right  of   Dorado  ia 

of  January  and  the  1st  of  September,  have  Hydrua,  or  the  Water  Snake ;  above 
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u  Jititmar,  ■  >la'  of  the  first  magnilude  m  taiiu  no  remarkable  >ta».     Wltbin   elarm 

&viDiuj,  wbich  appeaiB  r^poaila  tbe  Ut  of  ilcgiees  of  tl>e  South  Pole,  repreaented  bv  the 

Deeanhfr,     Ncit  to  Achemar,  on  the  right  central  pmut  of  the  mnp,  ve  two  of  thoflc 

ii  V/ttama,  at  the  Au-erican  Goose ;  above  nhitiah  or  nebulous  spaces  called  the  Mi^ 

whicb,  c^posite  JVbremicr,  ia  the  Phanix ;  gtUanie    CloiuU,  nhich   are  found  by   the 

to  the  rigbt  of  which  la  the   Crane,  which  tele«c<^  to  conaigt  of  biueiII  stars  and  nebu- 

cnntufti  two  Stan  of  the  Mcond  magoitude ;  loui    appeatancei.       The    othei    Magellanic 

beknr  which  is  Pom,  at  the  Peacock,  nhlch  doud,  which  is  the  largest,  ii  at  a  coDiider- 

contuns  scTeral  staiB  of  the  recand  and  third  able  distance  from  tbe  South  Pole.    In  speci 

mgnltiidei ;  below  Pavo,  apposite  to  August,  ^ng  the  namea  of  loaie  of  tbe  above  etoleil 

b  7Vfc«eqpi'itm,  or  the  Telescope,  which  con-  conatellatiaiia,  the  incongruilff  of  the  aniinali 

PLATE  IV. 

THB  BOirm  ClBCttHPOUA  STAJtS. 


Old  figures  by  which  ttiese  groopt  of  Mm  they  an   laon  fair  diatingDiahed  In  tb» 

•re  lepiesenteil  will  at  <mce  be  appurat  to  odier  maps.     (See  the  deactiptian  given  ol 

the  reader.  the  Miltf  Way,  p.  71.) 

Plati  V.  containa  a  eondeneed  re{»caenta-  Fig.  SO  (p.  19S)  repreaenta  the  comet  of 

boo  of  some  of  tbe  principal  constelktiona  in  1661,  as  seen  by  Hevelius ;  the  atmosphere, 

lbs  northern  and  aDUthern  hcmispberea  on  or  neboloaity,  surrounding  the  nucleus,  when 

ibreaior't  Prqjeetian,  chlefiy  for  the  purpose  viewed  at  diBereiit  timea,  varied  in  itj  extant, 

sf  eihitaling  the  coubsi  or  tbi  Milit  as  likewise  the  tail  in  ita  length  and  breadth. 

Wat,  uid  the  relativa  pnailiona  of  the  con-  Fig.  SI    (p.    168)    represents  a  class  of 

ADationSb    Some  of  tbe  larger  atara  may  be  oomets  which  have  Uirir  tails  sontewhat  bent, 

ben  traced   as  a  Lyis,  C^ella,  Ac,  but  which  some  ro^oae  In  bo  owing  to  the  ra- 

C718) 
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oftauee  of  the  etherMl  flnid  Ihroo^  nhich  and  ;«t  telmeopca,  at  iIm  {Mriod  ufac*  Im 

they  move.  lived,  had  not  arriTed  at  the  point  of  peife^ 

Fig.  66  nipreaents  a  teteecopie  view  of  the  tion  thej  have  now  sttaiiKd.    The  prinei[)«! 

^teiada,  a  group  of  sura  in  the  corulelktion  itar  in  the  I^uiadei  ia  Alciont,  of  the  Uuid 

Tsunu.    About  fort;  aCaja  are  here  lepre-  magnitude,  which  ie  here  re[se«ntHJ  atti 

■anted,  but  with  powerfiiE  talescope*  man;  the  centre  of  the  cluater.    The  ntmei  of  tht 

more   may   be  diacorered.     RhtUa  affinn*  trthsra  liaible  to  the  naked  eje  ire  Mpropr. 

that  be  cMuted  200  alar*  within  thia  cluater,  Maia,  Blectn,  Tayeta,  Sterope,  anil  C'cliji 

Fig.  as. 


the  priae^al  Stan  eompaiiBg  tht  Pltiadta. 

Merof^  ia  the  one  which  sonu  mppoM  to  udi,  aenDtb,  eighth,  and  ninth  magtilladia 

have  been  loaL     Id  fabuloua  hUtoiy,  these  The  linea  from  li^t  to  left  are  pmtiaM  <l 

■tars  were  the  seven  duughtera  of  Atlaa  end  dnies  of  dectinalion,  which  ran  paralkl  villi 

the  nymph  Pleione.  who  were  turned  into  the  equinoctial,  aa  tile  paralleb  of  latitodc  m 


nwith  theiraiaten  the  H;Bilu,on  accoont  the  tenCBtrial  globs  da  with  rMOMt  to  the 

of  tbeb  mutual  aliection  and  amiable  viitoes.  equator ;   and  on  then  the  decbnatioa,  or 

The  other  five  atan,  bnideB  Alcionc,  are  dialauce  of  the  body  from  the  eqninortial,  it 

itf  th«  fifth  mognilado,  aa  Tepieseoled  in  the  mufced.    The  other  linea,  frnm  t^>  to  bottom, 

plate;  and  thereat  are  teleaconc  ataia  of  the  are  portioDs  of  circles  of  tight  aKaoM  cei^ 
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Mponding  with  iDeridiani  on  the  Icrrertriei  at  the  right  and  left  hand  ddo,  ibom  thu 

nlobt.    On  these  are  marked  the  right  aacen-  tbe  Miir  or'  alara  in  tb&t  1in«  aro  23"  Qoith  of 

mxa  of  tbe  beavenlj  bodies  or  their  distance,  the  equiaoctiaL 

ndumed  on  tbe  equinoctial   from  the   firat        I'ig.  S6  reprewnta  (be  (aJ[  of  tbe  aplendid 

pgmtof  Ariel.   Ono  of  these  lines,  at  the  top  comet  of  1 744,  which  waa  divided  into  lii 

■nd  bottom,  u  markod  b4°,  showing  that  ths  brancbeg,  as  described  p.  161.    See  also  the 

•tuiln  that  IJni  are  54°  east  from  the  first  descriptioa  given  of  thin  comet,  pp.  164,  155. 
pnat  cf  Aries ;  and  tbe  aumber  S3,  marked 

Fig.  86. 
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PREFACE. 


Tai  following  work  was  announced  several  years  ago  in  the  preface  to  the  vol* 
vine  on  *^  The  Sidereal  Heavens,"  since  which  time  numerous  inquiries  have  been 
made  aAer  it  by  correspondents  in  England,  the  West  Indies,  and  America.  It  was 
nearly  ready  for  publication  three  years  ago,  but  circumstances  over  which  the 
author  had  no  control  prevented  its  appearance  at  that  period.  This  delay,  how- 
ever, has  enabled  him  to  introduce  descriptions  of  certain  instruments  and  inven- 
tions which  were  partly  unknown  at  the  time  to  which  he  refers. 

The  term  '*  Practical  Astronomer"  has  been  fixed  upon  as  the  shortest  that  could 
be  selected,  although  the  volume  does  not  comprise  a  variety  of  topics  and  discus- 
sions generally  comprehended  in  this  department  of  astronomy.  The  work  is  in- 
tended for  tho  information  of  general  readers,  especially  for  those  who  have  acquired 
a  relish  for  astronomical  pursuits,  and  who  wish  to  become  acquainted  with  the  in- 
struments by  which  celestial  observations  are  made,  and  to  apply  their  mechanical 
skill  to  the  construction  of  some  of  those  which  they  may  wish  to  possess.  With 
this  view,  the  author  has  entered  into  a  variety  of  minute  details,  in  reference  to 
the  construction  and  practical  application  of  all  kinds  of  telescopes,  &c.t  which  are 
not  to  be  found  in  general  treatises  on  Optics  and  Astronomy. 

As  Light  is  the  foundation  of  astronomical  science,  and  of  all  the  instruments 
used  for  celestial  observation,  a  brief  description  is  given  of  the  general  properties 
o£  light-— of  the  laws  by  which  it  is  refracted  and  reflected  when  passing  through 
Afferent  mediums^  and  of  the  effects  it  produces  in  the  system  of  nature — ^in  order  to 
prepare  the  way  for  a  clear  understanding  of  the  principles  on  which  optical  instru- 
ments are  constructed,  and  the  effects  they  produce. 

As  this,  as  well  as  every  other  physical  subject,  forms  a  part  of  the  arrangements 
of  the  Creator  throughout  the  material  system,  the  author  has  occasionally  taken  an 
opportunity  of  directing  the  attention  of  the  reader  to  the  Wisdom  and  Beneficence 
of  the  0reat  First  Cause,  and  of  introducing  those  moral  reflections  which  naturally 
llow^rom  the  subject. 

^^he  present  is  the  ninth  volume  which  the  author  has  presented  to  the  puolic, 
and  he  indulges  the  hope  that  it  will  meet  with  the  same  favourable  reception 
which  his  former  publications  have  uniformly  experienced.  It  was  originally  in- 
tended to  conclude  the  volume  with  a  few  remarks  on  the  utility  of  astronomical 
studies,  and  their  moral  and  religious  tendency,  but  this  has  been  prevented,  for  the 
present,  in  consequence  of  the  work  having  swelled  to  a  greater  size  than  was  an- 
ticipated. Should  he  again  appear  before  the  public  as  jin  author,  the  subject  o^ 
discussion  and  illustration  will  have  a  more  direct  bearing  than  the  present  on  the 
great  objects  of  religion  and  a  future  world, 

Brouohtt  Ferrt,  near  Dundee,  > 
jSuguti,  1845.  \ 
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PART  I. 


ON  LIGHT. 


INTRODUCTION. 

LioHT  18  that  iiiTisible  ethereal  matter  unielL*  The  blind,  indeed,  do  not  directly 
wnich  renders  objects  perceptible  by  the  visual  enjoy  the  advantages  of  light,  but  its  influ- 
organs.  It  appears  to  be  dislributeid  through-  ence  is  reflected  upon  them,  and  their  know- 
out  the  immensity  of  the  universe,  and  is  ledge  is  promoted  through  the  medium  of 
essentially  requisite  to  the  enjoyment  of  every  those  who  enjoy  the  use  of  their  visual  organs, 
rank  of  perceptive  existence.  It  is  by  the  Were  all  the  inhabitants  of  the  world  deprived 
agency  of  this  mysterious  substance  that  we  of  their  eyesight,  neither  knowledge  nor 
become  acquainted  with  the  beauties  and  happiness,  such  as  we  now  possess,  could 
sublimities  of  the  universe,  and  the  wonderful  possibly  be  enjoyed. 

operations  of  the  Almighty  Creator.     With-  There  is  nothing  which  so  Atrikiiigly  dia- 

out  its  universal  influence,  an  impenetrable  plays  the  beneficial  and  enlivening  eflccts  of 

veU  would  be  thrown  over  the  distant  scenes  light  as  the  dawn  of  a  mild  morning  after  a 

of  creation;  the  sun,  the  moon,  the  planets,  night  of  darkness  and  tempest    All  appears 

and  the  stany  orbs  would  be  shrouded  in  the  gloom  and  desolation  in  our  terrestrial  abode 

deepest  darkness,  and  the  variegated  surface  till  a  faint  light  begins  to  whiten,  the  eastern 

of  the  globe  on  which  we  dwell  would  be  horizon.    Every  succeeding  momf*""*      jjgs 

almost  unnoticed  and  unknown.      Creation  along  with  it  something  new  anu  enlivening, 

would  disappear^a  mysterious  gloom  would  The  crescent  of  light  towards  the  east  now 

surround  the  mind  of  every  intelligence,  all  expands  its  dimensions,  and  rises  upward  to- 

aiound  would  appear  a  dismal  waste  and  an  w^s  the  cope  of  heaven;  and  objects,  which 

undistinguished  chaos.    To  whatever  quarter  a  little  before  were  immersed  in  the  deepest 

we  might  turn,  no  form  nor  comeliness  would  gloom,  begin  to  be  clearly  distinguished.    At 

be  seen,  and  scarcely  a  trace  of  the  perfections  length  the  sun  arises,  and  all  nature  is  ani- 

and  agency  of  an  All  Wise  and  Almighty  mated  by  his  appearance ;  the  magnificent 

Being  could    be  perceived  throughout  the  scene  of  creation,  which  a  little  before  was 

universal  gloom.    In  short,  without  the  influ-  involved  in  obscuri^,  opens  gradually  to  view^ 

ence  of  light,  no  world  could  be  inhabited,  no  and  every  object  around  excites  sentiments 

animated  being  could  subsist  in  the  manner  of  wonder,    delight,  and    adoration.      The 

it  now  does,  no  knowledge  could  be  acquired  radiance  which  emanates  from  this  luminary 

of  tho  works  of  God,  and  happiness,  even  in  ^  ^y^^  unfortunsts  Indlvldaali  who  have  been 

the  lowest  degree,  could  scarcely  bo  enjoyed  conflnsd  in  the  darkest  dungeons  have  declared, 

by  any  organized  intelligence.  that  though,  on  their  firsi  entrance,  no  object 

txrZ.  k*..«  «-«»«  ,,«*  ir»».,r.«  «*!«<>*  :f  :«  f«  could  be  perceived,  perhaps  for  a  day  or  two,  yet. 

We  have  never  yet  known  what  it  w  to  ^  the  coSne  of  time,  as  the  puplle  of  their  eyes 

Im  m  a  world  depnved  of  this  delightml  expanded,  they  could  readily  perceive  mice,  rau, 

Tiaitant ;  for  in  the  darkest  night  we  enjoy  a  ""d  other  animals  that  infested  their  cells,  and 

.u..^ ^r ;*.  v^n^A^.i  ««.»n^»  ^txA  A«A«.  ,'n  »kA  likewiie  the  walls  of  their  apartments;  whicli 

■hare  of  its  beneficial  agency,  and  even  m  the  ,,^^^^  j„^j^  ^^^^  ,„  .^^^  sHuatlons,  light  i.  pr*. 

deepest  dungeon  its  mfluenoe  is  not  altogether  gent,  and  produces  a  certain  degree  of  influenca. 
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diiplijs  beibte  ns  aworld  ■UewcJ  with  Mf  to  all  the  other  prindplefl  and  anangemeBte 
ingly  and  embellished  with  the  most  beantifiil  of  nature.  Hence  we  are  infonned,  in  the 
attireu  It  onveilB  the  lofty  mountains  and  sacred  histoiy,  that  light  was  the  first  pnv 
the  fimsts  with  which  they  are  crowned ;  the  doction  of  the  Almighty  Creator,  and  the  fint 
fiuitfiil  fields,  with  the  crops  that  oorer  them;  bom  of  created  beings;  for  without  it  the 
the  meadows,  with  the  rivers  which  water  nniverK  waold  have  presented  nothing  bitt 
and  refiedi  them ;  the  plains  adomed  with  an  immense  blank  to  all  sentient  existenceiL 
▼eidure ;  the  placid  lake,  and  the  expanRve  Hence,  likewise,  the  Divine  Being  is  meta> 
ocean.  It  removes  the  curtain  of  darkness  phorically  represented  imder  the  idea  of  i^^ 
fiom  the  abodes  of  men,  and  shows  na  the  as  being  the  source  of  knowledge-  and  matj 
dties,  towns,  and  villages,  the  lofty  domes,  to  all  sijbordinale  intelligences :  "God  is  light, 
the  glittering  spires,  and  the  palaces  and  and*  inHim  isno  daikneai  at  aH;"  and  heii 
temples  vrith  which  Uie  landscape  is  adorned,  exhibited  as  "dwelling  in  light  nn^iproadi- 
The  flowers  expand  their  bods  and  pot  forth  able  and  fiill  of  glory,  whom  no  man  hath 
their  coloars,  the  birds  awake  to  melody,man  aeen  or  can  see.**"  In  aliosion  to  these  or- 
goes  forth  to  his  labour,  the  sounds  of  human  cumstanoes,  Milton,  in  his  Paradise  Lost,  in- 
voices are  heard,  and  all  appears  life  and  troduces  the  following  beantifiil  apostrophe : 
activity,  as  if  a  new  world  had  emerged  from 
the  daikneai  of  chaos.  **H»^  ^°^^y  '*«*»*  •  o*»l»riiig  of  heaven  fine  bora; 

rrt.        .    ,       r  *u«        1     j-j  __!.•  i.    Or  of  the  eternal,  coeterosl  beam ! 

The  whole  of  this  splendid  scene,  which    n.y  i  exprew  thee  unblamedl  since  God  is  Ufht 

fight  jhodnces,  may  be  oonsiderBd  as  a  new  And  never  bat  in  anapproaehed  light 

creation,  no  less  grand  and  beneficent  than  Dwelifttmieterniiy;dweh  then  in  thee, 

..      ^    '  ^  L       al  J  Brtebt  effluence  of  bright  eaaenee  mereate. 

the  first  creation,  when  the  command  was        ** ^Before  the  inn. 

issued,  **  Let  there  be  light,  and  li^t  was.'*  Before  the  heavens  thou  wert,  and  at  the  voice 

The  aurora  and   the  rising  sun  cause  the  Of  God.  aa  with  a  mantte,  dUtot  invert 

..     ^   J     „   ..        , .  ~^  The  rising  world  of  waters  dark  and  deep, 

earth,  and  all  the  objects  which  adorn  its  Won  from  the  void  and  fornUets  infinite." 
surfoce,  to  arise  out  of  that  profound  darkness 

and  apparent  desolation  which  deprived  us  As  light  is  an  element  of  so  much  import* 
of  the  view  of  them  as  if  they  had  been  no  ance  aikl  utilityin  the  system  of  nature,  so 
more.  It  maybe  affirmed,  in  foil  accordance  we  find  tfiat  arrangements  have  been  nude 
with  truth,  that  the  efflux  of  light  in  the  for  its  univerBal  diffusion  throughout  all  the 
dawn  of  the  morning,  after  a  dark  and  cloudy  worlds  in  the  universe.  The  sun  is  one  of 
night,  is  even  more  inagnifi(!ent  and  exhilarat-  the  principal  sources  of  light  to  this  earth  on 
ing  than  at  the  first  moment  of  its  creation,  which  we  dwell,  and  to  all  the  other  planetary 
At  that  period  there  were  no  spectators  on  bodies ;  and,  in  order  that  it  may  be  equalhf 
earth  to*  admire  its  glorious  effectB;  and  no  distributed  over  every  portion  of  the  surfaces 
objects,  such  as  we  now  behold,  to  be  em-  of  these  globes,  to  suit  the  exigencies  of  their 
bellished  with  its  radiance.  The  earth  was  a  inhabitants,  they  are  endowed  with  a  motion 
shapeless  chaos,  where  no  beauty  or  order  of  rotation,  by  which  every  part  of  their  sor- 
couid  be  perceived ;  the  mountains  had  not  fooes  is  alternately  turned  towards  the  source 
reared  their  heads ;  the  seas  were  not  collected  of  light ;  and  when  one  hemisphere  is  deprived 
into  their  channels ;  no  rivers  rolled  through  of  the  direct  influence  of  the  solar  rays,  its 
the  valleys ;  no  verdure  adorned  the  plains ;  inhabitants  derive  a  portidh  of  light  from 
the  atmosphere  was  not  raised  on  high  to  re-  luminaries  in  more  distant  regions,  and  have 
fleet  the  radiance,  and  no  animated  beings  their  views  directed  to  other  suns  and  systeina, 
existed  to  diversify  and  enliven  the  scene,  dispersed,  in  countless  numbers,  throughout 
But  now,  when  the  dawning  of  the  morning  the  remote  spaces  of  the  universe.  Around 
scatters  the  darkness  of  the  night,  it  opens  to  several  of  Uie  planets,  satellites  or  moons 
view  a  scene  of  beauty  and  magnificence,  have  been  arranged  for  the  purpose  of  throw- 
The  heavens  are  adomed  with  azure,  the  ing  light  on  their  surfiuses  in  the  absence  of 
clouds  are  tinged  with  the  most  lively  colours,  the  sun,  while,  at  the  same  time,  the  primaiy 
the  mountains  and  plains  are  clodied  with  planets  themselves  reflect  an  effulgence  c^ 
verdure,  and  the  whole  of  this  lowe/  creation  light  upon  their  satellitea.  All  the  stars 
stands  forth  arrayed  with  diversified  scenes  which  our  unassisted  vision  can  disoem  in 
of  beneficence  and  grandeur,  while  the  con-  the  midnight  sky,  and  the  millions  more  which 
templative  eye  looks  round  and  wonders.  the  telescope  alone  enables  us  to  descry,  must 
Buch,  then,  are  the  important  and  benefi-  be  considered  as  so  many  fountains  of  light, 
cent  eflibcts  of  that  light  which  every  moment  not  merely  to  illuminate  the  voids  of  immen- 
diffuses  its  blessings  around  us.  It  may  justly  sity,  but  to  irradiate  with  their  beams  sbp- 
be  considered  as  one  of  the  most  essential  rounding  worlds  with  which  they  are  more 
substances  connected  with  the  system  of  the  immediately  connected,  and  to  diffoae  a  gene- 
material  universe,  and  which  gives  effidenqr  nl  lustre  throughout  the  amplitudes  of  infi- 
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ntte  space;  and,  therefore,  we  have  every  tfaroagh  its  agency,  to  trace  his  wonderful 
reason  to  believe  that,  could  we  fly,  for  thou-  operations,  and  the  glorious  attributes  with 
sands  of  years,  with  the  swiftness  of  a  seraph,  which  he  is  invested. 
through  the  spaces  of  immensity,  we  should  As  the  science  of  astronomy  depends  solely 
never  approach  a  region  of  absolute  darkness,  on  the  influence  of  light  upon  the  organ  of 
but  should  find  ourselves  every  moment  en-  vision,  which  is  the  most  noble  and  extensive 
cmnpassed  with  the  emanations  of  .light,  and  of  all  our  senses ;  and  as  the  construction  of 
cheered  with  its  benign  influences.  That  telescopes  and  other  astronomical  instruments 
Almighty  Being  who  inhabiteth  immensity  is  founded  upon  our  knowledge  of  the  nature 
and  **  dwells  in  light  inaccessible,"  evidently  of  light  and  the  laws  by  which  it  operates,  it 
Appears  to  have  difiused  light  over  \he  re-  is  essentially  requisite,  before  proceeding  to  a 
motest  spaces  of  his  creation,  and  to  have  description  of  such  instruments,  to  take  a  cur- 
thrown  a  radiance  upon  all  the  provinces  of  sory  view  of  its  nature  and  properties,  in  so  far 
his  wide  and  eternal  empire,  so  that  every  as  &ey  have  been  ascertained,  and  the  efibcts 
intellectual  being,  wherever  existing,  may  it  produces  when  obstructed  by  certain  bodies, 
feel  its  beneficent  efiects,  and  be  enabled,  or  when  passing  through  diflerant  mediums. 
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CHAPTER  L 

General  Properties  cf  Light. 

It  is  not  my  intention  \o  discuss  the  subject  eye,  not  only  unfolds  to  us  the  persons  of 

of  light  in  minute  detail,  a  subject  which  is  others,  in  all  their  minute  modifications  and 

of  considerable  extent,  and  which  would  re-  peculiarities,  but  exhibits  us  to  ourselves.    It 

quire  a  separate  treatise  to  illustrate  it  in  all  presents  to  our  own  vision  a  faithfiil  portrait 

its  aspects  and  bearings.    All  that  I  propose  of  peculiar  features  behind  reflecting  sub* 

is  to  offer  a  few  illustrations  of  its  general  pro-  stances,  without  which  property  we  should 

perries,  and  the  laws  by  which  it  is  refracted  remain  entirely  ignorant  of  those  traits  of 

and  reflected,  so  as  to  prepare  the  way  for  ex-  countenance  whichcharacterize  us  in  the  eyes 

plaining  the  nature  and  construction  of  tele-  of  others, 

scopes  and  other  optical  instruments.  But  what  is  the  nature  of  this  substance 

There  is  no  branch  of  natural  science  more  we  call  lighty  which  thus  unfolds  to  us  the 
deserving  of  our  study  and  invesrigation  than  scenes  of  creation  V  On  this  subject  two  lead- 
that  which  relates  to  light,  whether  we  con-  ing  opinions  have  prevailed  in  the  philosophi- 
sider  its  beautiful  and  extensive  effects,  the  cal  world.  One  of  those  opinions  is,  that  the 
magnificence  and  grandeur  of  the  objects  it  whole  sphere  of  the  universe  is  filled  with  a 
unfolds  to  view,  fhe  numerous  and  diversified  subtile  matter,  which  receives  firom  luminous 
phenomena  it  exhibits,  the  optical  instruments  bodies  an  agitation  which  is  incessantly  con- 
which  a  knowledge  of  its  properties  has  ena-  tinned,  and  which,  by  its  vibratory  motions, 
bled  US  to  construct,  or  the  daily  advantages  enables  us  to  perceive  luminous  bodies.  Ac- 
we  derive,  as  social  beings,  from  its  universal  cording  to  this  opinion,  light  may  be  consi- 
diflusion.  If  air,  which  serves  as  the  medium  dered  as  analogous  to  sound,  which  is  con- 
of  sound  and  the  vehicle  of  speech,  enables  us  veyed  to  the  ear  by  the  vibratoiy  morions  of 
to  carry  on  an  interchange  of  thought  and  the  air.  This  was  the  hypothesis  of  Descartes* 
auction  with  our  fellow  men,  how  much  more  which  was  adopted,  with  some  modifications, 
extensively  is  that  intercourse  increased  by  by  the  celebrated  Euler,  Huygens,  Franklin, 
Ught,  which  presents  the  images  of  our  firiends  and  other  philosophers,  and  has  been  admitted 
and  other  objects  as  it  were  immediately  be-  by  several  scientific  gentlemen  of  the  present 
lore  us,  in  all  their  interesting  forms  and  as-  day.  The  other  opinion  is,  that  light  consists 
pects— -the  speaking  eye,  the  rosy  cheeks,  the  of  the  emission  or  emanation  of  the  particles 
benevolent  smile,  and  the  intellectual  forehead,  of  luminous  bodies,  thrown  out  incessantly 
The  eye,  more  susceptible  of  multifiuious  im-  on  all  sides,  in  consequence  of  the  continued 
pressions  than  the  oUier  senses,  « takes  in  at  agitation  it  experiences.  This  is  the  hypo- 
once  the  landscape  of  the  world,"  and  ena-  thesis  of  the  illustrious  Newton,  and  has  been 
bles  us  to  distinguish,  in  a  moment,  the  shapes  most  generally  adopted  by  British  philosophers, 
and  forms  of  all  its  objects,  their  relative  posi-  To  the  first  hypothesis  it  is  objected  that^ 
tions,  the  colours  that  adorn  them,  their  divez^  if  true,  ^  lig^t  would  not  only  spread  itself  in 
sified  aspect,  and  the  motioiis  by  which  they  a  direct  line,  but  its  motion  would  be  trans- 
are  transported  from  one  portion  of  space  to  mitted  in  every  direction  like  that  of  sound, 
tnotber.    Light,  through  the  medium  of  the  and  would  convey  the  impression  of  luminous 
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bodies  in  the  regions  of  space  beyond  the  oh-  this  subject  I  shall  genenllj,  adhere  to  dw 
stacles  that  intervene  to  stop  its  progress."  terms  employed  by  those  who  have  adopted 
No  waU  or  other  opaque  body  could  obstruct  the  hypothesis  of  the  emanation  of  light 
its  course,  if  it  undulated  in  every  direction  1.  lAsht  emanaUs  or  radiates  firom  bimi^ 
like  sound ;  and  it  would  be  a  necessary  con*  noua  boaies  in  a  straight  line.  This  proper^ 
sequence,  that  we  should  have  no  night,  nor  is  proved  by  the  impoasibility  of  seeing  light 
any  such  phenomena  as  eclipses  of  the  sun  or  through  bent  tubes,  or  small  holes  pierced  in 
moon,  or  of  the  satellites  of  Jupiter  and  Sa-  metallic  plates  placed  one  behind  another,' ex- 
torn.  This  objection  has  never  been  very  oept  the  holes  be  placed  in  a  straight  line.  If 
satis&otorily  answered.  On  the  other  hand,  we  endeavour  to  look  at  the  siw  or  a  candle 
Euler  brings  forward  the  following  objections  through  the  bore  of  a  bended  pipe,  we  cannot 
against  the  Newtonian  doctrine  of  emanation,  perceive  the  object,  nor  any  light  proceeding 
1.  That,  were  the  sun  emitting  continually,  firom  it,  but  through  a  straight  pipe  the  object 
and  in  all  directions,  such  floods  of  luminous  may  be  perceived.  This  is  likewise  evident 
matter,  vnth  a  velocity  so  prodigious,  he  must  fiom  the  form  of  the  rays  of  light  that  pene* 
speedily  be  exhausted,  or  at  least  some  altera-  trato  a  dariL  room,  which  proceed  straight  fop* 
tion  must,  after  the  lapse  of  so  many  ages,  ward  in  lines  proceeding  from  the  luminooi 
be  perceptible.  2.  That  the  sun  is  not  the  body ;  and  from  the  form  of  the  akadmjoi 
only  body  that  emits  rays,  but  that  all  the  which  bodies  project  that  are  bounded  by  right 
stars  have  the  same  quality ;  and  as  every  lines  passing  from  the  luminous  body,  and 
where  the  rays  of  the  sun  must  be  crossing  meeting  the  lines  which  terminate  the  inter- 
the  rays  of  the  stars,  their  collision  must  be  posing  body.  This  property  may  be  demon- 
violent  in  the  extreme,  and  that  their  direction  strated  to  the  eye  by  causing  Ught  to  pass 
must  be  changed  by  such  a  collision.*  through  small   holes  into  a  dark  room  tilled 

To  the  first  of  these  objections  it  is  an-  with  smoke  or  dust  It  u  to  be  understood, 
swered,  that  so  vast  is  the  tenuity  of  light,  however,  that  in  this  case  the  rays  of  light  aze 
that  it  utterly  exceeds  the  power  of  con-  considered  as  passing  through  the  same  me- 
Gcption ;  the  most  delicate  instrument  having  dium ;  for  when  they  pass  from  air  into  water, 
never  been  certainly  put  in  motion  by  the  im-  glass,  or  other  media,  they  are  bent  at  the 
pulse  of  the  accumulated  sunbeams.  It  has  point  where  they  enter  a  different  mediom, 
been  calculated  that  in  the  space  of  385,180,-  as  we  shall  afterward  have  occasion  to  explain. 
000  Egyptian  years  (of  360  days,)  the  sun  2.  Ught  moves  with  amazing  velocity, 
would  lose  only  ^^j,jj\,jn^  <^  his  bulk  The  ancients  believed  that  it  was  propagated 
from  he  continual  efflux  of  his  light  And,  from  the  sun  and  other  luminous  bodies  in* 
therefore,  if  in  385  millions  of  years  the  sun's  stantaneousiy  ;  but  the  observations  of  mo* 
diminution  would  be  so  extremely  small,  it  dem  astronomers  have  demonstxated  that  this 
would  bo  altogether  insensible  during  the  com-  is  an  erroneous  hypothesis,  and  that  light, 
paratively  short  period  of  five  or  six  thousand  like  other  projectiles,  occupies  a  certain  time 
years.  To  the  second  objection  it  is  repUed,  in  passing  from  one  part  of  space  to  another, 
that  the  particles  of  light  are  so  extremely  rare  Its  velocity,  however,  is  prodigious,  and  ex- 
that  their  distance  from  one  to  another  is  in-  ceeds  that  of  any  other  body  with  which  we 
comparably  greater  than  their  diameters;  that  are  acquainted.  It  flies  across  the  earth's 
all  objections  of  this  kind  vanish  when  we  orbit,  a  space  190  millions  of  miles  in  extent, 
attend  to  the  continuation  of  the  impression  in  the  course  of  sixteen  and  a  half  minutes, 
upon  the  retina,  and  to  the  small  number  of  which  is  at  the  rate  of  192,000  mOes  eveiy 
luminous  particles  which  are  on  that  account  second,  and  more  than  a  million  of  times 
neocssaTy  for  producing  constant  vision.  For  swifter  than  a  cannon  ball  flying  with  its 
it  appears,  from  the  accurate  expcrimente  of  greatest  velocity.  It  appean  from  the  disco- 
M.  D'Arcy,  that  the  impression  of  light  upon  veries  of  Dr.  Bradley,  respecting  the  aberra- 
tho  retina  continues  eight  thirds,  and  as  a  tion  of  the  stars,  that  light  flies  from  thoss 
paKicle  of  light  would  move  through  26,000  bodies  with  a  velocity  similar,  if  not  exactly 
miles  in  that  time,  constant  vision  would  be  the  same ;  so  that  the  light  of  the  son,  the 
maintained  by  a  succession  of  luminous  par-  .planets,  the  stars,  and  every  luminous  body 
tides  twenty-six  thousand  miles  distant  from  in  the  universe  is  propagated  with  wtrform 
each  other.  velocity.*     But,  if  the  velocity  of  hght  be  so 

Without  attempting  to  decide  on  the  merits  veiy  great,  it  may  be  asked,  how  does  it  not 
of  these  two  hypotheses,  I  shall  leave  the  strike  against  all  objecte  Vfith  a  force  equal  to 
reader  to  adopt  that  opinion  which  he  may  *  The  manner  in  which  the  notion  of  lishx  was 
judge  to  be  attended  with  the  fewest  diflicul-  discovered  is  explained  in  the  author's  work,  ea- 
ti«8.  and  nrooeed  to  illuntmtA  w>mP  of  the  titled.  "  Celestial  Scenery ;  and  the  circttiosUiices 
nes,  and  proceca  to  illustrate  some  ot  inc   ^^^^^  j^^  ^^  ^^^  discovery  of  the  aberratjoo  of 

vroperttes  of  light;  and  m  the  discussion  of    ught  are  stated  and  illustrated  in  his  voluae  oa 
«  Letters  to  a  German  Princess,  voL  i.  p.  08,  Ac.      the  "  Sidereal  Heavens." 
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ifai  Telocity  ?     If  the  finest  sand  were  thrown  and  which  gives  beauty  and  splendour  to  the 
•gainst;  our  bodies  with  the  hundredth  part  of  universe !     This  may  also  be  evinced  by  the 
this  velocity,  each  grain  would  pierce  us  as  following  experiment :  Make  a  small  pin-hole 
certainly  as  the  sharpest  and  swii\est  arrows  in  a  piece  of  black  paper,  and  hold  the  paper 
^m  a  bow.     It  is  a  principle  in  mechanics  upright  facing  a  row  of  candles  placed  near 
that  the  force  with  which  ail  bodies  strike  is  each  other,  and  at  a  little  distance  behind  the 
m  proportion  to  the  size  of  these  bodies,  or  black  paper  place  a  piece  of  white  posto- 
the  quantity  of  matter  they  contain,  multi-  board.     On  this  pasteboard  tlie  rays  which 
plied  by  the  velocity  with  which  they  move,  flow  from  all  the  candles  through  the  small 
Therefore,  if  the  pcuticles  of  light  were  not  hole  in  the  black  paper,  will  form  as  many 
almost  infinitely  small,  they  would,  of  neces-  specks  of  light  as  there  are  candles,  each  speck 
sity,  prove  destructive  in  the  highest  degree,  being  as  clear  and  distinct  as  if  there  were 
If  a  particle  of  light  were  equal  in  size  to  the  only  one  speck  from  a  single  candle.    This 
twelve  hundred  thousandth  part  of  a  small  experiment  shows  that  the  streams  of  light 
grain  of  sand — supposing  light  to  be  mate-  firom  the  different  candles  pass  through  tlie 
rial — ^we  should  be  no  more  able  to  withstand  small  bole   without  confusion,  and,   conse- 
its  force  than  we  should  that  of  sand  shot  quentiy,  that  the  particles  of  light  are  ex- 
point  blank  from  the  mouth  of  a  cannon,  ceedingly  small.    For  the  same  reason  we 
Every  object  would  be  battered  and  perforated  can  easily  see  through  a  small  hole  not  more 
by  such  celestial  artillery,  till  our  world  were  than  j{>(fth  of  an  inch  in  diameter,  the  sky, 
laid  in  ruins,  and  every  Uving  being  destroy-  the  trees,  houses,  and  nearly  all  the  objects 
ed.    And  herein  are  the  wisdom  and  benevo-  in  an  extensive  landscape,  occupying  nearly 
ience  of  the  Creator  displayed  in  making  the  an  entire  hemisphere,  the  Ught  of  all  which 
particles  of  light  so  extremely  small  as  to  ren-  may  pass  through  this  small  aperture. 
der  them  in  some  degree  proportionate  to  the  3.  Light  is  sent  forth  in  all  directions 
greatness  of  the  iawd  with  which  they  are  .from  every  vurible  point  of  luminous  bodies, 
impelled ;  otherwise,  all  nature  would  have  If  we  hold  a  sheet  of  paper  before  a  caudle, 
been  thrown  into  ruin  and  confusion,  and  the  or  the  sun,  or  any  other  source  of  light,  we 
great  globes  of  the  universe  shattered  to  shall  find  that  the  paper  is  illuminated  in 
atoms.  whatever  position  we  hold  it,  provided  the 
We  have  many  proofs,  besides  the  above,  light  is  not  obstructed  by  its  edge  or  by  any 
that  the  particles  of  light  are  next  to  infinitely  other  body.    Hence,  wherever  a  spectator  is 
nnalL    We  find  that  they  penetrate  with  placed  with  regard  to  a  luminous  body,  every 
facility  the  hardest  substances,  such  as  crystal,  point  of  that  part  of  its  surface  which  is  to- 
glass,  various  kinds  of  precious  stones,  and  ward  him  will  be  visible,  when  no  intervening 
even  the  diamond  itself,  though  among  the  object  intercepts  the  passage  of  the  light 
hardest  of  stones ;  for  such  bodies  could  not  Hence,  likewise,  it  follows  that  the  sun  illu- 
be  transparent,  unless '  light  found  an  easy  minates  not  only  an  Inmiense  plane  extend- 
passage  through  their  pores.     When  a  candle  ing  along  the  paths  of  the  planets,  from  the 
is  lighted  in  an  elevated  situation,  in  the  one  side  of  the  orbit  of  Uranus  to  the  other, 
space  of  a  second  or  two  it  will  fill  a  cubical  but  the  whole  of  that  sphere,  or  solid  space, 
space  (if  there  be  no  interruption)  of  two  of  which  the  distance  of  Uranus  is  the  radius, 
miles  around  it,  in  eveiy  direction,  with  lumi-  The  diameter  of  this  sphere  is  three  thousand 
nous  particles,  before  Uie  least  sensible  part  six  hundred  millions  of  miles,  and  it  conse- 
of  its  substance  is  lost  by  the  candle :  that  is,  quently  contains  about  24,000,000,000,000,- 
itwill  in  a  short  instant  fill  a  sphere  four  000,000,000,000,000,  or  twenty-four  thousand 
miles  in  diameter,  twelve  and  a  half  miles  in  guartillions  of  cubical  miles,  every  point  of 
circumierence,  and    containing    thirty-three  which  immense  space  is  filled  with  me  solar 
and  a  half  cubical  miles,  with  particles  of  beams.    Not  only  so,  but  the  whole  cubical 
light ;  for  an  eye  placed  in  any  part  of  tlxis  space  which  intervenes  between  the  sun  and 
cubioU  space  would  perceive  the  light  emitted  the  nearest  fixed  stars  is  more  or  less  illumi* 
by  the  candle.    It  has  been  calculated  that  nated  by  his  rays.    For,  at  the  distance  of 
the  number  of  particles  of  light  contained  in  Sirius,  or  any  other  of  the  nearest  stars,  the 
such  a  space  cannot  be  less  than  four  hun-  sun  would  be  visible,  though  only  as  a  small, 
dred septiUions — ^a  number  which  is  six  bilr  twinkling  orb;  and,  consequently,  his  rays 
Uons  of  times  greater  than  the  number  of  must  be  diffused,  however  faint,  throughout 
grains  of  sand  which  could  be  contained  in  the  most  distant  spaces  whence  ho  is  visible. 
Uie  whole  earth  considered  as  a  solid  globe.  The  diameter  of  this  immense  sphere  of  light 
and  supposing  each  cubic  inch  of  it  to  con-  cannot  be  le&s  than  forty  billions  of  milca^ 
tain  ten  hundred  thousand  grams.    Such  is  and  its  solid  contents  33,500, 000,000,000,000|- 
the  mconceivable  tenuity  of  that  substance  000,000,000,000,000,000,000,000,  or  thir^- 
which  emanates  from  all  luminous  bodies,  three  thousand  five  hundred  sextillions  of 
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cubical  miles.    All  this  immeMe  and  inocnn-  reflected  from  any  tooCh  had  lasted  widunH 

prehensible  space  is  filled  with  the  radiations  sensible  diminution  for  the  246th'  part  of  a 

of  the  solar  orb ;  for  were  an  eye  placed  in  second,  the  teeth  would  have  formed  one  un* 

t»ny  one  point  of  it,  where  no  extraneous  body  broken  line,  because  a  new  tooth  would  bare 

interposed,  the  sun  would  be  visible  either  as  continually  arrived  in  the  place  of  the  interior 

a  large  luminous  orb,  or  as  a  small  twinkling  one  before  its  image  could  have  dinppeared. 

star.    But  he  can  be  visible  only  by  the  rays  If  a  live  coal  be  whirled  round,  it  is  observed 

he  emits,  and  which  enter  the  organs  of  that  the  luminous  circle   is  complete  when 

vision.    How  inconceivably  immense,  then,  the  rotation  is  performed  in  the  {^th  part  of 

must  be  the  quantity  of  rays  which  are  a  second.    In  this  instance  we  see  that  ihe 

thrown  off  in  all  directions  from  thatluminaiy  impression  was  much  more  durable  than  the 

which  m  the  sourc*  of  our  day  I    Every  star  former.    Lastly,  if  an  observer  sitting  in  a 

must  likewise  bo  considered  as  emitting  innu-  room,  direct  his  sight,  through  a  window,  U.Miny 

merable  streams  of  radiance  over  a  space  particular  object  out  of  doors,  for  about  half  a 

equally  extensive ;  so  that  no  point  in  the  minute,  and  then  shut  his  eyes  and  cover  them 

universe  can  be  conceived  where  absolute  with  his  hands,  he  will  still  continue  to  see 

darkness  prevails,  unless  in  the  interior  re-  the  window,  together  with  the  outline  of  the 

gions  of  planetary  bodies.  terrestrial  objects  bordering  on  the  sky.    This 

4«  The  effect  of  light  upon  the  eye  i»  not  appearance  will  remain  for  near  a  minute, 
instantaneou»9  but  eonttnues  for  a  short  though  occasionally  vanishing  and  dianging 
apace  of  time.  This  may  be  proved  and  colour  in  a  manner  that  brevity  forbids  oar 
illustrated  by  the  following  examples:  if  a  minutely  describing.  From  these  &cts  we 
stick,  or  a  ball  connected  with  a  string,  be  are  authorized  to  conclude  that  all  impxessionft 
whirled  round  in  a  circle,* and  a  certain  de-  of  light  on  the  eye  last  a  considerable  time; 
gree  of  velocity  given  it,  the  object  will  ap-  that  the  brightest  objects  make  the  most  last- 
pear  to  fill  the  whole  circle  it  describes.  If  a  ing  impressions;  and  that,  if  the  object  be 
lighted  firebrand  be  whirled  round  in  the  same  very  bright,  or  the  eye  weak,  the  impressaoa 
rapid  manner,  a  complete  circle  of  light  will  may  remain  for  a  time  so  strong  as  to  mix 
be  exhibited.  This  experiment  obviously  with  and  confiiso  the  subsequent  impresdona 
shows  that  the  impression  made  on  the  eye  made  by  other  objects.  In  the  last  case  the 
by  the  light  from  the  ball  or  the  firebrand,  eye  is  said  to  be  dazzkd  by  the  light*'* 
when  in  any  given  point  of  the  circle,  is  suffi-  The  following  experiment  has  likewise  been 
dently  lasting  to  remain  till  it  has  described  suggested  as  a  proof  the  impression  which 
the  whole  circle,  and  again  renews  its  efEscX  light  makes  upon  the  eye :  If  a  caid,  ou  both 
as  often  as  the  circular  motion  is  continued,  sides  of  which  a  figure  is  drawn,  £»-  example. 
The  same  is  proved  by  the  following  consi-  a  bird  and  a  cage,  be  made  to  revolve  rapidly 
derations :  we  are  continually  shutting  our  on  the  straight  lin^which  divides  it  symmetii- 
eyes,  or  winking;  and,  during  the  time  our  cally,  the  eye  will  perceive  both  figures  at  the 
eyes  are  shut  on  such  occasions,  we  should  same  time,  provided  they  return  successively  at 
lose  the  view  of  surrounding  objects  if  the  the  same  place.  M.D'Arcy  found  by  vftrioua 
impression  of  light  did  not  continue  a  certain  experiments  that,  in  general,  the  impression 
time  while  the  eyelid  covers  the  pupil ;  but  which  light  produces  on  the  eye  lasts  about 
experience  proves  that  during  such  vibrations  the  eighth  of  a  second.  M.  Plateau,  of  Bru»- 
of  the  eyelids  the  light  from  surrounding  ob-  sels,  found  that  the  impression  of  difierent 
jects  is  not  sensibly  intercepted.  If  we  look  colours  lasted  the  following  periods,  the  nun»- 
for  some  time  steadily  at  the  light  of  a  candle,  hers  here  stated  being  the  decimal  parts  of  a 
and  particularly  if  we  look  directly  at  the  second :  Jlame,  0.242,  or  nearly  one-foutth 
sun,  without  any  interposing  medium,  or  if  of  a  second ;  burning  coal,  0.229 ;  whitCy 
we  look  for  any  considerable  time  at  this  lu-  0.182,  or  a  little  more  than  one-sixth  of  a 
minaiy  through  a  telescope  with  a  coloured  8econd;6/u«,0.186;yel/bu7,0.l73;re(/,0.184 
glass  interposed — ^in  all  these  cases,  if  we  5.  L^A/,  though  extremely  minute,  w  Mip- 
shut  our  eyes  immediately  after  viewing  such  posed  to  have  a  certain  degree  offeree  or 
objects,  we  shall  still  perceive  a  faint  image  momentum.  In  order  to  prove  this,  the  late 
of  the  object  by  the  impression  which  its  ingenius  Mr.  Mitchell  contrived  the  following 
fight  has  made  upon  our  eyes.  experiment:  He  constructed  a  small  vane  in 

"  With  respect  to  the  duration  of  the  im-  the  form  of  a  common  weathercock,  of  a  nary 

pression  of  light,  it  has  been  observed  that  thin  plate  of  copper,  about  an  inch  square, 

the  teeth  of  a  cog-wheel  in  a  clock  were  stUl  and  attached  to  one  of  the  finest  harpsicoid 

visible  in  succession,  when  the  velocity  of  ro-  wires  about  ten  inches  long,  and  nicely  bft> 

tation  brought  246  teeth  through  a  given  fixed  lanced  at  the  other  end  of  the  wire  by  a  gieia 

^int  in,  a  second.     In  this  case  it  is  clear  that  » jjiehotoon's  Intxodactlon  to  Natural  PhUoao- 

if  the  impreanon  made  on  the  eye  by  the  light  phy,  vol.  L 
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el  Yeiy  small  riiot  The  iiwtnmient  had  also  If  the  above  experiment  be  considered  as 
&Eed  to  it  in  &e  middle,  at  right  angles  to  the  having  been  aocarately  performed,  and  if  the 
length  of  the  wire,  and  in  a  horiz(mtal  direo-  calculations  founded  upon  it  be  correct,  it 
tion,«a  small  bit  of  a  veiy  slender  sewingneedle,  appears  that  there  can  be  no  grounds  for 
aboat  half  on  inch  long,  which  was  made  mag-  apprehension  that  the  sun  can  ever  be  sensibly 
neticaL  In  this  state  the  whole  instrument  diminished  by  the  immense  and  incessant  mdia- 
might  weigh  about  ten  grain&  The  vane  tions  proceeding  from  his  body  on  the  suppo- 
was  supported  in  the  manner  of  the  needle  in  sition  that  light  is  a  material  emanation.  For 
the  mariner's  compass,  so  that  it  could  turn  the  diameter  of  the  sun  is  no  less  than  880,- 
with  the  greatest  ease ;  and  to  prevent  its  000  miles ;  and,  before  this  diameter  could  be 
being  affected  by  the  vibrations  of  the  air,  it  shortened,  by  the  emission  of  light,  one  Eng« 
was  inclosed  in  a  glass  case  or  box.  The  rays  Ush  mile,  it  would  require  three  millions  one 
of  the  sun  were  then  thrown  upon  the  broad  hundred  and  sisty-eight  thousand  years,  at 
part  of  the  vane,  or  copper  plate,  from  a  con«  the  rate  now  stated ;  and,  before  it  could  be 
cave  mirror  of  about  two  feet  diameter,  wbdch,  shortened  ten  miles,  it  would  require  a  period 
passing  through  the  front  glass  of  the  box,  of  above  thirty-one  miUions  of  years.  And 
were  ooUected  into  the  focus  of  the  mirror  although  the  sun  were  thus  actually  dimi* 
upon  the  copper  plate.  In  consequence  of  nished,  it  would  produce  no  sensible  effect  or 
this,  the  plate  began  to  move  with  a  slow  mo-  derangement  throughout  the  planetary  flystem. 
tbn  of  about  an  inch  in  a  second  of  time,  till  We  have  no  reason  to  believe  that  the  sys- 
it  had  moved  through  a  space  of  about  two-  tem,  m  its  present  state  and  carrangements, 
inches  and  a  hal^  when  it  struck  against  the  was  intended  to  endure  for  ever ;  and  before 
beck  of  the  box.  The  nurror  being  removed,  that  luminary  could  be  so  far  reduced,  during 
the  instrument  returned  to  its  former  situation,  the  revolutions  of  etemi^,  as  to  produce  any 
and  the  rays  of  the  sun  being  again  thrown  irregularities  in  the  system,  new  arrangements 
upon  it,  it  again  began  to  move,  and  struck  &nd  modifications  might  be  introduced  by  the 
against  the  back  of  Sie  box  as  before.  This  hand  of  the  All  Wise  and  Omnipotent  Grea- 
was  repeated  three  or  four  times  with  the  tor.  Besides,  it  it  not  improbable  that  a  sys- 
•ame  success.  tem  of  means  ia  establiihed  by  which  the  sun 
On  the  above  experiment  the  following  cal-  snd  all  the  luminaries  in  the  universe  receive 
eulation  has  been  founded :  if  we  impute  the  back  again  a  portion  of  the  light  which  they 
motion  produced  in  this  experiment  to  the  Are  continually  emitting,  either  from  the 
impulse  of  the  reys  of  light,  and  suppose  that  planets  from  whose  surfeoes  it  is  reflected,  or 
the  instrument  weighed  ten  grains,  and  ao-  £nom  the  millions  of  stare  whose  lays  are  con- 
quired  a  velocity  of  one  inch  in' a  second,  we  tinually  tmversing  the  immense  spaces  of 
shall  find  that  the  quantity  of  matter  con-  creation,  or  from  some  other  sources  to  us 
tained  in  the  reys  felling  upon  the  instrument  unknovni. 

in  that  time  amounted  to  no  more  than  one  0*  Tke  intetmty  ofUght  is  diminished  in 
twelve  hundredth-millionth  part  of  a  grain,  praporticn  to  the  square  of  the  distance  fiom 
the  velocity  of  light  exceeding  the  velocity  of  the  luminous  body.  Thus,  a  person  at  two 
one  inch  in  a  second  in  the  proportion  of  about  f®et  distance  from  a  candle,  has  only  the 
12,000,000,000  to  1.  The  light  in  this  expo-  fourth  part  of  the  light  he  would  have  at  one 
riment  was  collected  fiY>m  a  surfeoe  of  about  foot;  at  three  feet  distance,  the  ninth  part ;  at 
three  square  feet,  which  reflecting  only  about  four  feet,  the  sixteenth  part ;  at  fiiw  feet,  the 
half  what  fidls  upon  it,  the  quantity  of  matter  twenty-fifth  part;  and  so  on  for  other  dis- 
contained  in  the  rays  of  the  sun  incident  upon  tances.  Hence  the  light  received  by  the 
a  foot  and  a  hdf  of  surface  in  one  second  of  planets  of  the  solar  system  decreases  in  pro- 
time,  ought  to  be  no  more  than  tlie  twelve  portion  to  the  squares  of  the  distances  of  these 
hundredth-millionth  part  of  a  grain.  But  the  bodies  from  the  sun.  This  may  be  illustrated 
density  of  the  nys  of  light  at  the  surfece  of  t>e  the  following  figure : 
the  sun  is  greater  than  that  at  the  earth  in  Fig.  1. 
the  proportion  of  45,000  to  1 ;  there  ought, 
therefore,  to  issue  finom  one  square  foot  of  the 
son's  surfece  in  one  second  of  time,  in  order 


to  supply  the  waste  by  light,  TT^irffth  part 
of  a  grain  of  matter,  that  is,  a  litUe  more  than 


two  grains  a  day,  or  about  4,752,000  grains, 
or  670  pounds  avoirdupois,  nearly,  in  6,000 
yean ;  a  quantity  which  would  have  shortened 
the  son's  diameter  no  more  than  about  ten 
feet,  if  it  were  formed  of  the  density  of  water  Suppose  the  light  which  flows  firom  a  point,  A, 
^■^y*  and  passes  through  a  square  hole,  B,  is  re- 
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oetTod  upon  a  pfane,C,  parallel  to  the  plane  of  teleacope  or  with  the  unaaristed  eye;  and 

the  hole — or  let  the  figure  Cbe  considered  as  likewise  trom  the  circumetanoe  that  a  tcij 

the  shadow  of  the  plane  J9.  When  the  distance  small  portion  of  the  Son — such  as  theon^ 

of  C  is  double  of  B,  the  length  and  breadth  of  fortieth  or  ooe^fiftieth  part — difiuses  a  quan- 

the  shadow,  C,  will  be  each  double  of  the  length  tity  of  light  sufBdent  for  most  of  the  porposes 

and  breadth  of  the  plane  B,  and  treble  when  of  life,  as  is  found  in  the  case  of  total  edipees 

A  Dia  treble  of  A  B^  and  so  on,  which  may  of  the  Sun,  when  his  western  limb  begins 

be  easily  examined  by  the  light  of  a  candle  to  be  visible,  only  like  a  fine  luminous  thread, 

placed  at  A,    Therefore  the  surface  of  the  for  his  light  is  then  sufficient  to  render  dis- 

ahadow  C,  at  the  diattance  A  C— double  of  A  tinctly  visible  all  the  parts  of  the  sunounding 

B,  is  divisible  into  four  squares,  and,  at  a  treble  landscape. 

distance,  into  nine  squares,  severally  equal  to  7.  B  is  by  Ught  reJUtUd  from  opaque 
the  square  B,  as  represented  in  the  figure,  bodiet  that  most  of  the  objects  around  us  are 
The  light,  then,  whidi  falls  upon  the  plane  B  rendered  visibk.  When  a  lighted  candle  is 
being  sufiered  to  pass  to  double  that  distance,  brought  into  a  dark  room,  not  only  the  can- 
will  be  uniformly  spread  over  four  times  the  die,  but  all  other  bodies  in  the  room  become 
space,  and,  consequently,  will  be  four  times  visible.  Rays  of  the  sun,  passing  into  a 
thinner  in  every  part  of  that  space*  And,  at  dark  room,  render  luminous  a  sheet  of  paper 
a  treble  distance,  it  will  be  nine  times  thinner,  on  which  they  faU,  and  Uus  sheet,  in  its  torn, 
and,  at  a  quadruple  distance,  sixteen  times  enlightens^  to  a  certain  extent,  the  whofe 
thinner  than  it  was  at  first  Consequently,  apartment,  and  renders  objects  in  it  visible  so 
the  quantities  of  this  rarefied  tight  received  long  as  it  receives  the  rays  of  the  sun.  In 
upon  a  surface  of  any  given  aie  and  shape,  like  manner,  the  moon  and  the  planets  an 
when  removed  successively  to  their  several  opaque  bodies,  but  the  light  of  the  sun  falling 
distances,  will  be  but  one-fourth,  one-ninth,  upon  them,  and  being  reflected  from  their 
one-sixteenth  of  the  whole  quantity  received  sur&ces,  renders  them  visible.  Were  no 
by  it  at  the  first  distance,  A  B.  light  to  fall  on  them  fh)m  the  sun,  or  vmeie 
In  conformity  with  this  law,  the  relative  they  not  endued  with  a  power  of  reflecting  it, 
quantities  of  light  on  the  surfisices  of  the  pla-  they  would  be  altogether  invisible  to  our  si^L 
nets  may  be  easily  determined  when  their  When  the  moon  comes  between  us  and  the 
distances  from  the  sun  are  known.  Thus,  sun,  as  in  a  total  eclipse  of  that  luminary,  as 
the  distance  of  Uranus  fit>m  the  sun  is  1,800,-  no  solar  light  is  reflected  from  the  surface 
000,000  miles,  which  is  about  nineteen  times  next  the  earth,  she  is  invisible,  only  the  curve 
greater  than  the  distance  of  the  earth  from  or  outline  of  her  figure  being  distinguished  by 
the  same  luminary.  The  square  of  19  is  her  shadow.  In  this  case,  however,  there  is 
361 ;  consequently,  the  earth  enjoys  361  a  certain  portion  of  reflected  light  on  the 
times  tlie  intensity  of  Ught,  when  compared  lunar  hemisphere  next  the  earth,  though  not 
with  that  of  Uranus ;  in  other  words,  tliis  distinguishable  during  a  solar  edipse.  The 
distant  planet  enjoys  only  the  ^^j  part  of  the  earth  is  entightened  by  the  sun,  and  a  poi^ 
quantity  of  light  which  falls  upon  the  earth,  tion  of  the  rays  which  &I1  upon  it  is  reflected 
This  quantity,  however,  is  equivalent  to  the  npon  the  dark  hemisphere  of  the  moon  whidi 
light  we  should  enjoy  from  the  combined  is  then  towards  the  earth.  This  reflected 
efllilgence  of  348  full  moons ;  and  if  the  pu-  light  from  the  earth  is  distinctly  perceptible, 
pils  of  the  eyes  of  the  inhabitants  of  this  when  the  moon  appears  as  a  slender  crescent, 
planet  be  much  larger  than  ours,  and  the  re-  two  or  three  days  after  new  moon — when  the 
Una  of  .the  eye  be  endued  with  a  much  earth  reflects  its  light  back  on  the  moon,  in 
greater  degree  of  nervous  sensibility,  they  the  same  manner  as  the  fuU  moon  reflects  her 
may  perceive  objects  with  as  great  a  degree  tight  on  the  earth.  Hence,  even  at  this  pe- 
of  splendour  as  we  perceive  on  the  objects  riod  of  the  moon,  her  whole  &oe  becomes 
which  sai  round  us  in  this  world.  Following  visible  to  us,  but  its  tight  is  not  uniform  or  of 
out  the  same  principle,  we  find  that  the  equal  intensity.  The  tliin  crescent  on  which 
quantity  of  light  enjoyed  by  the  planet  Mer-  the  liill  blaze  of  the  solar  light  fiills,  is  "very 
cuiy  is  nearly  seven  times  greater  than  that  brilliant  and  distinctly  seen,  while  the  other 
of  the  Earth,  and  that  of  Venus  nearly  double  part,  on  which  falls  only  a  comparatively 
of  what  we  enjoy ;  that  Mars  has  less  than  feeble  tight  fix)m  the  earth,  appears  veiy  faint, 
tlie  one-half;  Jupiter  the  one-iwentt/seventh  and  is  tittle  more  than  visible  to  the  naked 
part ;  and  Saturn  only  the  one-ninetieth  part  eye,  but  with  a  telescope  of  moderate  power — 
of  the  light  which  falls  upon  the  Earth.  That  if  the  atmosphere  be  very  dear— it  appears 
the  tight  of  these  distant  planets,  however,  is  beautifully  distinct,  so  that  the  relative 
not  so  weak  as  we  might  at  first  imagine,  ap-  tions  of  many  of  the  lunar  spots  may  be 
pears  from  the  brilliancy  they  exhibit,  when  tinguished. 
viewed  in  our  nocturnal  sky,  either  virith  the  The  intensity  of  reflected  Ught  is  verf 
C236) 
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moan,  when  compared  with  that  which  pro-  constituent  part  of  certeUn  bodies.    This  has 

oeeds    directly  irom  luminous    bodies*    M.  been  inferred  from  the  phenomena  of  the 

Boaspcier,  a  French  philosopher,  who  made  a  Bohffnian  stone,  and  what  are    generally 

▼ariety  of  experiments  to  ascertain  the  pro-  calle3  the  solar  phosphori.    The  Bolognian 

portion  of  light  emitted  by  the  heavenly  bo-  stone  was  first  discovered  about  the  year 

diesi,  concluded,  from  these  experiments,  that  1630,  by  Leascariolo,  a  shoemaker  of  Bo- 

the  light  transmitted  from  the  sun   to  the  logna.  Having  collected  together  some  stones 

earth  is  at  least  800,000  times  as  great  as  of  a  shining  appearance  at  the  bottom  of 

that  which  descends  to  us  from  the  full  moon,  Monte  Patemo,  and  being  in  quest  of  some 

and  that,  of  300,000  rays  which  the  moon  alchemical  secret,  he  put  them  into  a  crucible 

receives,  from  170,000  to  200,000  are  ab-  to  calcine  them;  that. is,  to  reduce  them  to 

sorbed.     Hence  we  find  that,  however  bril-  the  state  of  cinders.    Having  taken  them  out 

liant  the  moon  may  appear  at  night,  in  the  of  the  crucible,  and  exposed  them  to  the  light 

daytime  she  appears  as  obscure  as  a  small  of  the  sun,  he  afterward  happened  to  carry 

portion*  of  dusky  cloud  to  which  she  happens  them  into  a  dariL  place,  when,  to  his  surprise, 

to  be  adjacent,  and  reflects  no  more  light  than  he  observed  that  they  possessed  a  self-illumi- 

a  portion  of  whitish  cloud  of  the  same  size,  nating  power,  and  continued  to  emit  &int 

And  »as  the  full  moon  fills  only  the  ninety-  rays  of  light  for  some  hours  afterward.    In 

thoosandth  part  of  the  sky,  it  would  require  consequence  of  this  discoveiy^  the  Bolognian 

at  least  ninety  thousand  moons  to  produce  as  spar  came  into  considerable  demand  among 

much  light  as  we  enjoy  in  the  daytime  under  natural  philosophers,  and  the  curious  in  gene- 

a  cloudy  sky.  ral ;  and  the  best  way  of  preparing  it  seems 

At  the  moon  and  the  planets  are  rendered  to  have  been  hit  upon  by  the  family  of  Za- 
visible  to  us  only  by  light  reflected  from  their  goni,  who  supplied  all  Europe  with  Bolog- 
surfiu»fl,  so  it  is  in  the  same  way  that  the  nian  phosphorus  till  the  discovery  of  more 
images  of  most  of  the  objects  around  us  are  powerful  phosphoric  substances  put  an  end  to 
conveyed  to  our  organs  of  vision.  We  be-  their  monopoly.  In  the  year  1677,  Baldwin, 
hold  all  the  objects  which  compose  an  exten-  a  native  of  Misnia,  observed  that  chalk,  dis- 
Btve  landscape— Uie  hills  and  vales,  the  woods  solved  in  aquafortis,  exactly  resembled  the 
and  lawns,  the  lakes  and  rivers,  and  the  habi*  Bolognian  stone  in  its  property  of  imbibing 
tations  of  man — in  consequence  of  the  capa-  light,  and  emitting  it  afler  it  was  brought 
city  with  wh^  they  are  endued  of  sendmg  into  the  dark ;  and  hence  it  has  obtained  the 
forth  reflected  rays  to  the  eye,  from  every  name  of  Baldwin's  phosphorus, 
point  of  their  sur&ces  and  in  all  directions.  In  1730  M.  Du  Fay  directed  his  attention 
In  connexion  with  the  reflection  of  light,  the  to  this  subject,  and  observed  that  all  earthy 
following  curious  observation  may  be  stated :  substances  susceptible  of  calcination,  either 
Baron  Funk,  visiting  some  silver  mines  in  by  mere  fire,  or  when  assisted  by  the  previous 
Sweden,  observed,  that,  <*  in  a  dear  day,  it  action  of  nitrous  acid,  possessed  the  property 
was  as  dark  as  pitch  under  ground  in  the  eye  of  becoming  more  or  less  luminous,  when 
of  a  pit,  at  sixty  or  seventy  fethoms  deep ;  calcined  and  exposed  for  a  short  time  in  the 
whereas,  in  a  cloudy  or  rainy  day,  he  could  light;  that  the  most  perfect  of  these  phosphori 
see  to  read  even  at  106  fathoms  deep.  In-  were  limestones,  and  other  kinds  of  carbon- 
quiring  of  the  miners,  he  was  informed  that  ated  lime,  gypsum,  and  particularly  the  topaz, 
this  is  always  the  case ;  and  reflecting  upon  and  that  some  dian^onds  were  also  observed 
it,  he  imagined  it  arose  from  this  cireum-  to  be  luminous  by  simple  exposure  to  the 
stance,  that,  when  the  atmosphere  is  full  of  sun*s  rays.  Some  time  aAerward  Beocaria 
clouds,  light  is  reflected  from  them  into  the  discovered  that  a  great  variety  of  other  bodies 
pit  in  all  directions,  and  that  thereby  a  consi-  were  convertible  into  phosphori  by  exposure 
derable  proportion  of  the  rays  are  reflected  to  the  mere  Ught  of  the  sun,  such  as  organic 
perpendicularly  upon  the  earth :  whereas,  animal  remains,  most  compound  salts,  nitre 
whea  the  atmosphere  is  clear,  there  are  no  and  borax — all  the  farinaceous  and  oily  seeds 
opaque  bodies  to  reflect  the  light  in  this  of  vegetable  substances,  all  the  gums  and 
manner,  at  least  in  a  sufficient  quantity ;  several  of  the  resins — the  white  woods  and 
and  rays  from  the  sun  himself  can  never  vegetable  fibre,  either  in  the  form  of  paper  or 
fall  perpendicularly  in  that  country."  The  linen ;  also  starch  and  loaf-sugar  proved  to  be 
reason  here  assigned  is,  in  all  probability,  good  phosphori,  after  being  made  thoroughly 
the  true  cause  of  the  phenomenon  now  dry,  and  exposed  to  the  direct  rays  ot  the 
'described.  sun.     Certain  animal  substances  by  a  similar 

8-  It  ii  supposed  by   some  philosophers  |reatment  were  also  converted  into  phosphori; 

Ihat  light  issuijeci  to  the  same  laws  of  at'  particularly  bone,  sinew,    glue,   hair,  horn, 

traction  that  govern  all  other  material  sub-  hoof,   feathers,  and  fish-shells.     The  same 

stanees,  inrl  that  //  is  imbibed  and  forms  a  property  was  communicated  to  rock  crystal 
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and  some  other  of  the  gems,  by  rubbing  them  there  ia  a  dif&renoe  of  opimoo  amoDg  ^b^ 

against  each  other  so  as  to  roughen  their  sur-  losophcrs.* 

iiices,  and  then  placing  them  for  some  minutes  9.  Light  is  found  to  produce  a  rtmarkabk 

in  the  focus  of  a  lens,  by  which  the  rays  of  effect  on  plants  andjhtven,  and  other  vegt' 

light  were  concentrated  upon  them  at  the  table  productions.    Of  all  the  pheDomeoi 

'same  time  that  they  were  also  moderately  which  living  vegetables  exhibit,  there  are  few 

heated.  that    appear    more  extraordinary  than  the 

In  the  year  1768  Mr.  Canton  contributed  energy  and  constancy  with  which  their  stems 

some  important  £Bu:ta   in  relation  to  solar  Incline  towards  the  hfjbL    Most  of  the  di«- 

phosphori,  and  communicated  a  method  of  cous  flowers  follow  the  son  in  his  course, 

preparing  a  very  powerful  one,  which,  after  They  attend  him  to  his  evening  retreat,  and 

the  inventor,  is  usually  called  Canton's  phoS'  meet  his  rising  lustre  in  the  morning  with  the 

phorus.     He  affirms  that  his  phosphorus,  same    unerring    law.      They    unfold   their 

inclosed  in  a  glass  flask,  and   hermetically  flowers  on  the  approach  of  this  hinunair; 

sealed,  retains  its  property  of  becoming  lumt-  they  follow  his  course  by  turning  on  their 

nous  for  at   least  four  years,  without  any  stems,  and  close  them  as  soon  as  he  disip* 

apparent  decrease  of  activity.     It  has  also  pears.    If  a  plant,  also,  is  shut  up  in  a  dark 

been  found  that,  if  a  common  box  smoothing-  room,  and  a  small  hole  afterward  c^ned  by 

iron,  heated  in  the  usual  manner,  be  plac^  which  the  tight  of  the  sun  may  enter,  the 

for  half  a  minute  on  a  sheet  of  dry,  white  plant  will  turn  towards  that  hole,  and  even 

paper,  and  the  paper  be  then  exposed  to  the  alter  its  own  shape  in  (xder  to  get  near  it ;  so 

light,  and    afterward   examined   in   a  dark  that  though  it  was  straight  before,  it  will  io 

*  loset,  it  will  be  found  that  the  whole  paper  time  become  crooked,  that  it  may  get  near 

will  be  luminous,  that  part,  however,  on  which  the  light    Vegetables  placed  in  rooms  where 

the  iron  had  stood  being  much  more  shining  they  receive  light  only  in  one  direction,  always 

than  the  rest  extend  themselves  in  that  direction.    If  they 

From  the  above  facts  it  would  seem  that  receive  light  in  two  directions,  they  direct 

certain  bodies  have  the  power  of  imbibing  their  course  towards  that  which  is  strongest, 

light  and  again  emitting  it,  in  certain  circum-  It  is  not  the  heat,  but  the  Ught  of  the  sua 
stances,  and  that  this  power  may  remain  for 

a  considerable  length  of  time.     It  is  observed  •  Light  of  a  phosphoric  Dature  to  freqaewly 

that  the  light  which  such  bodies  emit  bears  emitted  fromvariouspatreflcentanimal  substancet, 

an  analogy  to  that  which  they  have  imbibed,  which,  in  the  aRcs  of  superstillbn,  •*'rv«d  to 

V                 1    «,u      :ii .    •     4,  J    ^u      v  astonish  and  affright  the  timorous.     We  lean 

In  general,  the    lUummated    phosphorus  is  from  Fabrlcius,  an  Italian,  that  three  young  mes, 

leddish;  but  when  a  weak  li^t  only  has  been  residing  at  Padua,  having  bought  a  lamb,  aad 

admitted  to  it,  or  when  it  has  been  received  «?t«n  part  of  It  on  Eaiier  Day,  IMS,  several 

4.U         u   -.•  J2^  ^r  — v:* -     *u           •*«.  j  pieces  of  the  remainder,  which  they  kepi  till  fbe 

through  pieces  of  white  paper,  the  emitted  Allowing  day,  shone  like  so  many  candles  when 

light  is  pale  or  whitish.     Mr.  Morgan,  in  the  they  were  casually  viewed  In  the  dark.    Tbe 

seventy-fifth  volume    of   the    Philosophical  •■tonishment  of  the  whole  city  was  excited  by 

rn ^«I.^**  „.    ♦^..♦^  iu-   -  u-     ♦   -.r  i:  u*  ^*  this  phenomenon,  and  a  part  of  the  flesb  was  sent 

Transactions,  treats  the  subject  of  tight  at  m  Fabriclus,  who  was  prbfessor  of  anatomy,  to  be 

considerable  length ;  and  as  a  foundation  for  examined  by  him.    He  observed  that  those  partk 

his  reasonuig,he  assumes  the  following  data:  ^*»»cji  wore  soft  to  the  touch  and  trunsparent  b 

1     Tk«»  i:»K4>  ;.  .  K/^^n-  »«.!   i;i.» -ii^fk^*.  candle-light  were  the  most  resplendent ;  and  aisp 

1.  That  tight  IS  a  body,  and,  like  all  others,  ^y^^  g^me  pieces  of  kid's  flesh  which  had  hap 

Jubject  to  the  laws  of  attraction.     2.    That  pened  to  have  lain  in  contact  with  tbero  were 

Uffht  is  a  heterogeneous  body,  and  that  the  luminous,  as  well  as  the  fingers  and  other  parts  o. 

-iL.    ..M^^»;».>  ,^»».  «««— .1    .  :*k   i:a^.».*  ^^^  bodies  of  those  persons  who  touched  them 

same  attr^tive  power  operates  with  different  Bartholin  gives  an  account  of  a  similar  pbcw- 

degrees  of  force  on  its  different  parts.     To  menon,  which  happened  in  Bfontpelier,  b  1641. 

4he  principle  of  attraction,  likewise,  Sir  Isaac  ^  P**°'  woman  had  bought  a  piece  of  fle»h  in  tbt 

ie«-L#^^  iw.-  w.<Unvwl  ♦Ko  «»«-♦  »w*..»«^:«<»*,..  market,  intending  to  make  use  of  it  on  ihe  follow 

Newton  has  referred  the  roost  extraordinaiy  ^^  j,y .  ^ut  happening  not  to  be  able  lo  sieer 

phenomena  of  light.  Refraction  and  Inflection,  well  that  night,  and  her  bed  and  pantry  beinc  la 

He  has  also  endeavoured  to  show  that  light  *?«  «*">e  room,  she  observed  so  much  light  come 

i- «,v»  ..^1..  «^KU^f  ♦A  ♦].«  !..«  »f  «»*.«^f:A,>  ft-om  the  flesh  as  to  Illuminate  all  the  place  where 

IS  not  only  subject  td  the  law  of  attrition,  n^ung   We  roayjudire  of  the  terror  aSdartonish 

but  of  repulsion  also,  since  it  is  repelled  or  ment  of  the  woman  herself,  when  we  find  thai  a 

reflected  from  certain  bodies.     If  such  princi-  Pa*^»  "f  |hto  luminous  fleah  was  carried  as  a  very 

pi-  te  admitted,  then  it  i«  highly  probable  rhrXT.';;r.7;!re"'ir.«"wh7;red if^*:^^ 

that  the  phosphorescent  bodies  to  which  we  hours  wiCh  the  ereatest  astonishment.    The  lUbt 

have  adverted  have  a  power  of  attracting  or  ^>«  *«  *f  ge™*  had  been  scattered  over  the  eiir- 

:»«k:kin».  iKa  ««k«f«n.»A  «f  K^k*  ««^  />*"  ««f«:»  f*ce,  and  continued  till  «.he  flesh  beran  w  pnirefy, 

imbibmg  the  substance  of  light,  and  of  retam-  ^^en  it  vanished,  which  it  was  believed  lo  do  i. 

ing  or  grvingit  out  under  certain  circum-  the  form  of  a  cross.    Hence  the  propmiy  of  hi- 

stances,  and  tliat  the  matter  of  light  is  in-  »traclini?  the  masaofihecommunhyin  thcknow- 

jo^t«l.  at  le„t,  with  the  ™r&«  of  .uch  '^^^^  l^  t:'^l^r^^*',t^''^l^ 

bodies ;  but  on  this  subject,  as  on  many  others,  phenomena  of  nature. 
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vliicli  the  plant  thus  covets ;  for,  &ongh  a  creased  to  a  much  greater  degree  than  if  it 

fire  be  kept  in  the  room,  capable  of  giving  a  had  been  exposed  to  the  same  heat  under  the 

much  stronger  heat  than  the  sun,  the  plant  shade.    Vegetables  are  likewise  found  to  be 

will  turn  away  from  the  fire  in  order  to  en-  indebted*  to  light  for  their  smell,  taste,  com* 

joy  the  solar  light    Trees  growing  in  thick  bustibility,  maturity,  and  the  resinous  piiud* 

forests,  where  they  only  receive  light  fi-om  pie,  which  equally  depend  upon  this  fluid, 

above,  direct  their  shoots  almost  invariably  The  aromatic  substances,  resins,  and  volatile 

upward,  and  therefore  become  much  taller  oil  are  the  productions  of  southern  climates, 

and  less  spreading  than  such  as  stand  single,  where  the  light  is  more  pure,  constant,  and 

The  green  colour  of  plants  is  likewise  intense.  In  fine,  another  remarkable  property 
found  to  depend  on  the  sun's  light  being  of  light  on  the  vegetable  kingdom  is  that, 
allowed  to  shine  on  them;  for  without  the  in-  when  vegetables  are  exposed  to  open  day- 
floenoe  of  the  solar  light  they  are  always  of  a  light,  or  to  the  sun's  rays,  they  emit  oxygen 
white  colour.  It  is  found  by  experiment  gas,  or  vital  air.  It  has  been  proved  that,  in 
that,  if  a  plant  which  has  been  reared  in  dark-  the  production  of  this  efiiect,  the  sun  does  not 
ness  be  exposed  to  the  light  of  day,  in  two  or  act  as  a  body  that  heats.  The  emission  of 
three  days  it  veill  acquire  a  green  colour  per-  the  gas  is  determined  by  the  light :  pure  air 
oeptibly  similar  to  that  of  plants  which  have  is  therefore  separated  by  the  action  of  light, 
grown  in  open  daylight  If  we  expose  to  the  and  the  operation  is  stronger  as  the  light  is 
light  one  part  of  the  plant,  whether  leaf  or  more  vivid.  By  this  continual  emission  of 
branch,  this  part  alone  will  become  green,  vital  air,  the  Almighty  incessantly  purifies 
If  we  cover  any  part  of  a  leaf  with  an  opaque  the  atmosphere,  and  repairs  the  loss  of  pure 
substance,  this  pdace  will  remain  white,  wMle  air  occasioned  by  respiration,  combustion, 
the  rest  becomes  green.  The  whiteness  of  the  fermentation,  putrefiiction,  and  numerous 
inner  leaves  of  cabbages  is  a  partial  efiect  of  other  processes  which  have  a  tendency  to 
tlie  same  cause,  and  many  other  examples  contaminate  this  fluid,  so  essential  to  the 
of  the  same  kind  mig^t  easily  be  produced,  vigour  and  comfort  of  animal  life ;  so  that,  in 
M.  DecandoUe,  who  seems  to  have  paid  par-  this  way,  by  the  agency  of  light,  a  due  equi* 
ticQlar  attention  to  this  subject,  has  the  follow-  librium  is  always  maintained  between  the 
ing  remarks :  « It  is  certain,  that  between  the  constituent  parts  of  the  atmosphere, 
white  state  of  plants  vegetating  in  darkness^  In  connexion  with  this  subject  the  follow* 
and  complete  verdure,  eveiy  possible  inter-  ing  curious  phenomenon  may  be  stated,  as 
mediate  degree  exists,  determined  by  the  in-  related  by  M.  Haggem,  a  lecturer  on  Natural 
tensity  of  tiie  light  Of  this  any  one  may  Histoiy  in  Sweden.  One  evening  he  per- 
easily  satisfy  himself  by  attending  to  the  ceived  a  fiunt  flash  of  light  repeatedly  dart 
colour  of  a  plant  exposed  to  the  fiill  daylight;  from  a  marigold.  Surpriied  at  such  an  un- 
it exhibits  in  succession  all  the  degrees  of  conunon  appearance,  he  resolved  to  examine 
Teidure.  I  had  already  seen  the  same  pheno-  it  with  attention ;  and,  to  be  assured  it  was 
menon,  in  a  particular  manner,  by  exposing  no  deception  of  the  eye,  he  placed  a  man 
plants  reared  in  darkness  to  the  light  of  lamps,  near  him,  with  orders  to  make  a  signal  at  the 
In  these  experiments,  I  not  only  saw  Uie  moment  when  he  observed  the  light  They 
colour  come  on  gradually,  according  to  the  both  saw  it  constantly  at  the  same  moment 
continuance  of  the  exposure  to  light,  but  I  The  light  was  most  brilliant  (m  marigolds  of 
satisfied  myself  that  a  certain  intensity  of  per-  an  orange  or  flame  colour,  but  scarcely  visible 
manent  light  never  gives  to  a  plant  more  than  on  pale  ones.  The  flash  was  fi-equently  seen 
A  certain  degree  of  colour.  The  same  foct  on  the  same  flower  two  or  three  times  in 
readily  shows  itself  in  nature,  when  we  ex-  quick  succession,  but  more  commonly  at  in* 
•mine  the  plants  that  grow  under  shelter  or  tervals  of  several  minutes ;  and  whcr  several 
in  forests,  or  when  we  examine  in  suocesnon  flowers  in  the  same  place  emitted  their  Ught 
the  state  of  the  leaves  that  form  the  heads,  together,  it  could  be  observed  at  a  con* 
of  cabbages."*  siderable   distance.     The  phenomenon  was 

It  is  likewise  found  that  the  perspiration^  remarked  in  the  months  of  July  and  August 

of  Tegetables  is  increased  or  diminished  in  a  at  sunset,  and  for  half  an  hour  when  the  at- 

oertain  measure  by  the  degree  of  light  which  mosphere  was  clear ;  but  after  a  rainy  day,  or 

&lls  upon  them.    The  experiments  of  Mr.  P.  when  the  air  was  loaded  with  vapours,  nothhig 

Miller  and  others  prove  that  plants  uniformly  of  it  was  seen.    The  following  flowera  emit- 

penpire  most  in  the  forenoon,  though  the  ted  flashes  more  or  less  vivid,  in  this  order : 

temperature  of  the  air  in  which  they  are  1.  The  Marigold*    2..  Monk's  Hood.    3.  The 

p]a<^   should  be  unvaried.     M.  Guettard  Orange  Lily.    4.  The  Indian  Pink.    As  to 

likewise  informs  us  that  a  plant  exposed  to  the  cause  of  this  phenomenon,  diflerent  <^* 

Ibe  rays  of  the  sun  has  its  perspiration  in-  nions  may  be  entertained.    From  the  rapidity 

•  MemolTM  de  la  See.  d' Aroncil.  vol.  U.  of  the  flaah  and  other  circumstances,  it  may 
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be  conjectined  that  electricity  is  concerned  But  the  detail  of  these  experiments  and  ihA 
in  producing  this  appearance.  M.  Haggera,  seTeral  results  would  be  too  tedious  to  be  hen 
after  having  obserred  the  flash  from  the  transcribed.  The  night  has  generally  been 
orange  lily,  the  anthers  of  which  are  at  con-  considered  as  more  &Toarable  than  the  day 
siderable  distance  from  the  petals,  found  that  for  the  transmission  of  sound.  "That  this  is 
the  light  proceeded  from  the  petals  only;  the  case "  says  Parolette,  «with  rrapect  to 
whence  he  concludes  that  this  electrical  light  our  ears  cannot  be  doubted :  but  this  argues 
is  caused,  by  the  pollen,  which,  in  flying  ofl^  nothing  against  my  o{nnion.  We  hear  fin- 
is scattered  on  the  petals.  .Bu^  perhaps,  the  ther  by  night  on  account  of  the  silence,  and 
true  cause  of  it  still  remains  to  be  ascertained,  this  always  contributes  to  it,  while  the  noise 
10.  Liffht  hat  been  supposed  to  produce  a  of  a  wind  &Tourable  to  the  propagation  of  a 
eertain  tkgree  of  influence  on  the  propaoa*  sound  may  prevent  the  sound  from  being 
Tiow  OF  souKD.  M.  PsTolette,  in  a  long  heard.**  In  reference  to  the  cause  which  pro- 
paper  in  the  "Journal  de  Physique,"  vol. 68,  duces' the  ef]^t  now  stated,  he  proposes  the 
which  is  copied  into  **  Nicholson's  Philoeophi-  following  queries :  *'  Is  the  atmospheric  tai 
cal  Journal,"  vol.  25,  p.  28-39,  has  6%Ted  a  more  dense  on  the  appearance  of  light  than  in 
variety  of  remarks,  and  detailed  a  number  of  darkness  ?  Is  this  greater  density  of  the  air, 
experiments  on  this  subject.  The  author  or  of  the  elastic  fluid  that  is  subservient  to 
'  states  the  foQowing  circumstances  as  having  the  propagation  of  sound,  the  efl^t  of  aei^ 
suggested  the  connexion  between  light  and  form  substances  kept  in  this  state  through  the 
sound :  « In  1803  I  Uved  in  Paris,  and  being  medium  of  light  1"  He  is  dispoaed,  on  the 
accustomed  to  rise  before  day  to  finish  a  work  whole,  to  conclude  that  the  efiect  in  question 
on  which  I  had  long  been  employed,  I  found  is  owing  to  the  action  of  light  upon  the  oxy* 
myself  frequently  disturbed  by  ti^e  sound  of  gen  of  the  atmosphere,  since  oxygen  gas  ii 
carriages,  as  my  windows  looked  into  one  of  found  by  experiment  to  be  best  adapted  to 
the  most  frequented  streets  in  that  city.  This  the  transmission  of  sound, 
circumstance,  which  disturbed  me  in  my  Our  author  concludes  his  commnnicstion 
studies  every  morning,  led  me  to  remark  that  with  the  following  remarks:  **  Light  has  a 
the  appearance  of  daybreak  peculiarly  effected  velocity  900,000  timea  as  rapid  as  that  of 
the  propagation  of  the  sound ;  from  dull  and  sound.  Whether  it  emanate  from  the  sun 
deep,  which  it  was  before  day,  it  seemed  to  and  reach  to  our  earth,  or  act  by  means  of  vi- 
me  to  acquire  a  more  sonorous  sharpness  in  brations  agitating  the  particles  of  a  fluid  of  a 
the  period  that  succeeded  the  dissipation  of  peculiar  nature,  the  particles  of  this  fluid  miut 
darkness.  The  roiling  of  the  wheels  seemed  be  extremely  light,  elastic,  and  active.  Nor 
to  announce  the  friction  of  some  substances  does  it  appear  to  roe  unreasonable  to  ascribe 
grown  more  elastic ;  and  my  ear,  on  attending  to  the  mechanical  action  of  these  partides 
to  it,  perceived  this  difference  diminish  in  set  in  motion  by  sun  the  eflfects  its  pre- 
proportion  as  the  sound  of  wheels  was  con-  sence  occasions  in  the  vibrations  that  proceed 
founded  with  those  excited  by  the  tunmlt  of  from  sonorous  bodies.  The  more  deeply  we 
objects  quitting  their  nocturnal  silence.  Struck  investigate  the  theory  of  light,  the  more  we 
with  this  observation,  t  attempted  to  discover  must  perceive  that  the  powen  by  which  the 
whether  any  particular  causes  had  deceived  universe  is  moved  reside  in  the  imperceptible 
my  ears.  I  rose  several  times  before  day  for  particles  of  bodies ;  and  that  the  grand  results 
this  purpose  alone,  and  was  every  time  con-  of  nature  are  but  an  assemblage  of  an  order 
firmed  in  my  suspicion  that  light  must  have  a  of  actions  that  take  place  in  its  infinitely  smill 
peculiar  influence  on  the  propagation  of  sound,  parts;  consequently,  we  cannot  institute  a 
This  variation,  however,  in  the  manner  in  series  of  experimento  more  interesting  than 
which  the  air  gave  sounds,  might  be  the  effect  those  which  tend  to  develope  the  properties  of 
of  the  agitation  of  the  atmosphere  produced  light  Our  organs  of  sense  are  so  immediately 
by  the  rarefaction  the  presence  of  the  sun  oo-  connected  with  the  fluid  that  enlightens  us, 
casioned ;  but  the  situation  of  my  windows,  that  a  notion  of  having  acquired  an  idea  of 
and  the  usual  direction  of  the  morning  breeze,  the  mode  of  action  of  this  fluid  presents  itself 
militated  against  this  argument."  -  to  our  minds,  as  the  hope  of  a  striking  ad- 
The  autibcNT  then  proceeds  to  give  a  dcscrip-  vanco  in  the  knowledge  of  what  composes  th« 
tionof  a  very  delicate  instrument,  and  various  organic  mechanism  of  our  life,  and  oif  that  of 
apparatus  for  measuring  the  propagation  and  beings  which  closely  follow  the  rank  aasgnod 
intensity  of  sound,  and  the  various  experi-  to  the  human  species.'* 
menta  both  in  the  dark  and  in  daylight,  and  Such  is  a  brief  description  of  some  of  the 
likewise  under  different  changes  of  the  atmo-  leading  properties  of  light  Of  all  the  objects 
sj^re,  which  were  made  with  his  apparatus,  that  present  themselves  to  the  philosophic  and 
ah  of  which  tended  to  prove  that  light  had  a  contemplative  mind,  light  is  one  of  the  nobieA 
•  seiudble  influence  in  the  propagation  of  sound,  and  most  interesting.  The  action  it  exerts 
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on  all  the  eombinationa  of  matter,  its  extreme  proaches  the  equinox  in  spring,  the  »wim^t| 
divisibility,  the  rapiclity  of  its  propagation,  and  vegetable  tribes  revive  and  nature  puts 
the  sublime  wonders  it  reveals,  and  the  office  on  a  new  and  a  smiling  aspect  When  he 
it  performs  in  what  constitutes  the  life  of  or-  declines  towards  the  winter  solstice,  dreari- 
ganie  beings,  lead  us  to  consider  it  as  a  sub-  ness  and  desolation  ensue,  and  a  temporaiy 
■Cance  acting  the  first  part  in  the  economy  of  death  takes  place  among  the  tribes  of  the 
nature.  The  magic  power  which  this  ema-  vegetable  world.  This  splendid  luminaxy, 
nation  firom  the  heavens  exerts  on  our  organs  whose  light  embellishes  the  whole  of  this 
of  vision,  in  exhibiting  to  our  view  the  sub-  lower  creation,  forms  the  most  lively  repre- 
Ume  spectacle  of  the  universe,  cannot  be  suffix  sentation  of  Him  who  is  the  source  and  the 
ciently  admired.  Nor  is  its  power  confined  centre  of  all  beauty  and  perfection.  "  God  is 
to  the  organs  of  sight ;  all  our  senses  are,  in  &  sun,"  the  sun  of  the  moral  and  spiritual 
a  greater  or  less  degree,  subjected  to  the  action  universe,  from  whom  all  the  emanations  of 
of  light,  and  all  the  objects  in  this  lower  cr»-  knowledge,  love,  and  felicity  descend.  "  He 
ation — ^whether  in  the  animal,  the  vegetable,  covereth  himself  with  light  as  with  a  gar- 
or  the  mineral  kingdoms — are,  to  a  certain  ment,"  and  "  dwells  in  light  inaccessible  and 
extent,  susceptible  of  its  influence.  Our  fiill  of  gioiy."  The  felicity  and  enjoyments 
globe  appears  to  be  little  m<Hre  than  an  accu-  of  the  future  world  are  adumbiuted  under  the 
mulation  of  terrestrial  materials  introduced  ideas  of  Ught  and  glon/,  **  The  glory  of  Grod 
into  the  boundless  ocean  of  the  solar  light,  as  enlightens  the  celestial  city  ;*'  its  inhabitants 
a  theatre  on  which  it  may  display  its  exhaust-  are  represented  as  "  the  saints  in  light  g*"*  it 
less  power  and  energy,  and  give  animation,  i>  declared  that  "  their  aun  shall  no  more  go 
beauty,  and  sublimity  to  every  surrounding  down,"  and  that  **  the  Lord  God  is  their  ettr» 
scene,  and  to  regulate  all  the  powera  of  na-  Uisting  light"  So  that  light  not  only  cheers 
tore,  and  render  them  subservient  to  the  pur-  and  enlivens  all  beings  throughout  the  mate- 
poses  for  which  they  were  ordained.  This  rial  creation,  but  is  the  emblem  of  the  £ter- 
elcmentary  substance  appears  to  be  universal  nal  Mind,  and  of  all  that  is  delightful  and 
in  its  movements  and  in  its  influence.  It  de-  transporting  in  the  scenes  of  a  blessed  immor- 
soends  to  us  from  the  solar  orb.    It  wings  its   tality. 

way  through  the  voids  of  space,  along  a  In  the  formation  of  light,  and  the  benefi- 
conrse  of  ninety-five  millions  of  miles,  till  it  cent  eflects  it  produces,  the  wisdom  and 
arrives  at  the  outskirts  of  our  globe ;  it  passes  goodness  of  the  Almighty  are  conspicuously 
fieely  through  the  surroundmg  atmosphere ;  displayed.  Without  the  beams  of  the  sun 
it  stnkes  upon  the  clouds,  and  is  reflected  by  and  the  influence  of  light,  what  were  all  the 
them ;  it  irradiates  the  mountains,  the  vales,  reakns  of  this  world  but  an  undistinguished 
the  forests,  the  rivers,  the  seas,  and  all  the  chaos  and  so  many  dungeons  of  darkness  I 
productions  of  the  vegetable  kingdom,  and  In  vain  should  we  roll  our  eyes  around  to  be- 
•doms  them  with  a  countless  assemblage  of  hold,  amid  the  universal  gloom,  the  flowery 
colours.  It  scatters  and  disperses  its  rays  fiekis,  the  verdant  plains,  the  flowing  streams, 
from  one  end  of  creation  to  another,  diffusing  the  expansive  ocean,  the  moon  walking  in 
itself  throughout  every  sphere  of  the  universe,  brightness,  the  planets  in  their  courses,  or  the 
It  flies  without  intermission  from  star  to  star,  innumerable  host  of  stars.  All  would  be  lost 
and  firom  suns  to  planets,  throughout  the  to  the  eye  of  man,  and  the  *<  blackness  of 
boundiciss  q>here  of  immensity,  forming  a  con-  darkness"  would  surround  him  for  ever.  And 
necting  chain  and  a  medium  of  communica^  with  how  much  wisdom  has  eveiy  thing  been 
tion  among  all  the  worlds  and  beings  within  arranged  in  relation  to  tiie  motions  and  mi- 
the  wide  empire  of  Omnipotence.  nuteness  of  light  1     Were  it  capable  of  being 

When  the  sun  is  said  <<  to  rule  over  the  transformed  into  a  solid  substance,  and  retain 
day,"  it  is  intimated  that  he  acts  as  the  vice-  its  present  velocity,  it  would  foitn  the  most 
geicnt  of  the  Almighty,  who  has  invested  dreadfiil  and  appalling  element  in  nature,  and 
him  with  a  mechanical  power  of  giving  light,  produce  universal  terror  and  destruction 
life,  and  motion  to  all  the  beings  susceptible  throughout  the  universe.  That  this  is  not 
of  receiving  impressions  from  his  radiance,  impossible,  and  could  easily  be  efiected  by 
As  the  servant  of  his  Creator,  he  distributes  the  hand  of  Omnipotence,  appears  from  such 
blessings  without  number  among  all  the  tribes  substances  as  phosphorus,  where  light  is  sup- 
of  sentient  and  intelligent  existence.  When  posed  to  be  concentrated  in  a  solid  state.  But 
his  rays  illumine  the  eastern  sky  in  the  mom-  m  all  its  operations  and  eflects,  as  it  is  now 
ing,  all  nature  is  enlivened  with  his  presence,  directed  by  unerring  wisdom  and  beneficence. 
When  he  sinks  beneath  the  western  horizon^  it  exhibits  itself  as  the  most  benign  and  de- 
the  Qavren  droop,  the  birds  retire  to  theiff  lightfiil  element  connected  with  the  constitu- 
nests,  and  a  mantle  of  darkness  is  spread  over  tion  of  the  material  system,  difiusing  splendour 
the  landscape  of  the  world.    When  he  ap-   and  felicity  wherever  its  influence  extends. 
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CHAPTER  V. 
On  the  R^radum  cf  Light. 

RsFSACTioir  is  the  tunUDg  or  bending  of  than  the  other.  The  nataie  of  refiractioii  msj 

the  rayB  of  light  out  of  their  natural  course.  be  more  particularly  explained  and  illiulntea 

Light,  when  proceeding  from  a  luminouB  by  the  following  figure  and  description : 
body — without  being  refle^ed  from  any  opaque       Let  A  D  H  I,  fig.  2,  be  a  body  of  water,  A 

substance  or  infiectol  by  passing  near  one —  D  its  sur&ce,  C  a  point  in  which  a  ray  of 

is  invariably  found  to  proceed  in  straight  lines  light,  B  C,  enters  from  the  air  into  the  water, 

without  the  least  deviation.    But  if  it  hap-  This  ray,  by  the  greater  density  of  the  water,  in- 


pens  to  pass  obliquely  from  one  medium  to 
another,  it  always  leaves  the  direc^on  it  had 
before  and  assumes  a  new  one.  This  change 
of  direction,  or  bending  of  the  rays  of  light, 
is  what  is  called  Refinctum — a  term  which 
probably  had  its  origin  from  the  broken  ap- 
pearance which  a  staff  or  a  long  pole  exhibits 
when  a  portion  of  it  is  iomieraed  in  water — 
the  word,  derived  from  the  Latin^aTigpo,  lite* 
rally  signifying  breaking  or  benmng. 

When  light  is  thus  refiracted,  or  has  taken 
a  new  direction,  it  then  proceeds  invariably 
in  a  straight  line  till  it  meets  with  a  dififerent 
medium,*  when  it  \a  again  turned  out  of  its 
course. 


Fig.  8. 


stead  of  past- 
ing straight 
forward  in  its 
first  dnectioD 
to  IT,  will  be 
bent  at  the 
point  C,  and 
pass  akmg  in 
the  directum 
C  E,  which 
is  called  the 
5  refracted  ray 
Let   the  line 


F  G  he  drawn  perpendicular  to  the  sor&ce 
It  must  be  observed,  however,  that  of  the  water  in  C,  then  it  is  evident  that  the 
though  we  may  by  this  means  cause  the  rays  ray  B  C,  in  passing  out  of  air,  a  rare  me- 
of  light  to  make  any  number  of  angles  in  dium,  into  a  (leme  medium,  as  water,  is  r^* 
their  course,  it  is  impossible  for  us  to  make  firacted  into  a  ray  C  E,  which  is  nearer  to 
them  describe  a  curve,  except  in  one  single  the  perpendicular  C  G  hian  the  incident  ray 
case,  namely,  where  they  pass  through  a  me-  B  C,  and,  on  the  contraiy,  the  ray  E  C, 
dium,  the  density  of  which  either  uniformly  passing  out  of  a  denser  medium  into  a  rarer, 
increases  or  diminishes.  This  is  the  case  will  be  refincted  into  C  B,  which  is  further 
with  the  light  of  the  celestial  bodies,  which  from  the  perpendicular, 
passes  downward  through  our  atmosphere,  The  same  thing  may  be  otherwise  OIos- 
and  likewise  with  that  which  is  reflected  up-  trated  as  follows :  Suppose  a  hole  made  in 
ward  through  it  by  terrestrial  objects.  In  one  of  the  sides  of  the  vessel,  as  at  a,  and  a 
both  these  cases  it  describes  a  curve  of  the  lighted  candle  placed  within  two  or  three  feet 
hyperbolic  kind ;  but  at  all  other  times  it  yro-  of  it,  when  empty,  so  that  its  flame  may  be 
ceeds  in  straight  lines,  or  in  what  may  be  at  £,  a  ray  of  light  proceeding  from  it  will 
taken  for  straight  lines  without  any  sensible  pass  through  the  hole,  a,  in  a  straight  line, 
error.  L  B  C  K^M  it  reach  the  bottom  of  the  Tea- 
There  are  two  circumstances  essential  to  sel  at  K,  where  it  will  form  a  small  drde  of 
refraction.,  1.  That  the  rays  of  light  shall  light  Having  put  a  mark  at  the  point  JT, 
pass  out  of  one  medium  into  another  of  a  dif-  pour  water  into  the  vessel  till  it  rise  to  the 
lerent  density,  or  of  a  greater  or  less  degree  height  A  D,  and  the  round  spot  that  was  fof- 
of  resistance.  2.  That  they  pass  in  an  o6-  merly  at  K  will  appear  at  E ;  that  is,  the  ray 
lique  direction.  The  denser  the  refracting  which  went  straight  forward,  when  the  vessel 
medium,  or  that  into  which  the  ray  enters,  was  empty,  to  K,  has  been  bent  at  the  pobt 
the  greater  will  be  its  refracting  power ;  and  C,  where  it  fells  into  the  water,  into  the  lioe 
of  two  refracting  mediums  of  the  same  den-  C  E.  In  this  experiment  it  b  neccsaary  that 
sity,  that  which  ia  of  an  oily  or  inflammable  the  front  of  the  vessel  should  be  of  glass,  in 
nature  will  have  a  greater  refracting  power  order  that  the  course  of  the  ray  may  be  seen; 
•  By  a  mediunty  in  optica,  ia  meant  tbe  space  ingpud  if  a  little  soap  be  mixed  with  the  ^trr 
wtiich  a  ray  of  light  moves,  whether  pure  space,  ^o  as  to  give  it  a  little  mistiness,  tb^nj  CE 
air,  water,  glass,  diamond,  or  any  other  transpa-  mi  ,  ^Jatinrtlv  npmpirM  If  in  olace  of 
rent  aubatance  through  which  the  rays  of  light  J^"^  «»  disuncuy  perceived.  II,  m  pia«i  w 
can  paaa  in  straight  lines.  fresh  water,  we  pour  in  salt  water,  it  will  ds 
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found  that  the  ray  B  Q  w  more  bent  at  C 
In  Hke  manner,  alcohol  will  refiuct  the  ray  B 
C  more  than  salt  water,  and  oil  more  than 
alcohol,  and  a  piece  of  solid  glass,  of  the  ahape 
of  the  water,  would  refract  the  tight  still  more 
than  the  oiL 

The  angle  of  refraction  depends  on  the 
obliquity  of  the  rays  falling  on  the  refracting 
surface  being  always  such,  &at  thA  sine  of  the 
incident  angle  is  to  the  sine  of  the  refracted 
angle  in  a  given  proportion.  The  incident 
angle  is  the  angle  made  by  a  ray  of  light  and 
a  Une  drawn  perpendicular  to  the  refracting 
surface,  at  the  point  where  the  light  enters 
the  surftce.  The  refracted  angle  is  the  angle 
made  by  the  ray  in  the  refracting  medium 
with  the  same  perpendicular  produced.  The 
sine  of  the  angle  is  a  line  which  serves  to 
measure  the  angle,  being  drawn  from  a  point 
in  one  leg  perpendicular  to  the  other.  The 
Allowing  figure  (fig.  3)  will  tend  to  illustrate 
tV-v  definitions. 

Fig.  8. 


In  this  figure,  i)  C  is  the  incident  ray,  C 
9  the  refracted  ray,  Z)  G  the  perpendicular, 
A  D  the  sine  of  the  angle  of  incidence  A  C 
D,  and  H  R  the  sine  of  the  angle  of  refiraction 
G  C  E.  Now,  it  is  a  proposition  in  optics, 
that  the  sine  AD  o(  the  angle  of  incidence 
B  C  Dim  either  accurately  or  very  nearly  in 
a  given  proportion  to  the  sine  H  R  of  the 
angle  of  refraction  O  C  E.  This  ratio  of  the 
aines  is  as  four  to  three,  when  the  refiraction 
is  made  out  of  air  into  water,  that  is,  A  D  \» 
to  H  R  OB  four  to  three.  When  the  refrac- 
tion is  out  of  air  into  glass,  the  proportion  is 
about  as  thirty-one  to  twenty,  or  nearly  as 
three  to  two.  If  the  refraction  be  out  of  air 
into  diamond,  it  is  as  five  to  two,  that  is  A 
D  z  H  R:  :  6  :  2.  The  denser  the  medium 
is,  the  less  is  the  angle  and  sine  of  refraction. 
If  a  ray  of  light,  M  C,  were  to  pass  from  air 
into  water,  or  from  empty  space  into  air,  in 
the  direction  M  C  perpendicular  to  the  plane 
N  Of  which  separates  the  two  mediums,  it 
would  suffer  no  refhiction,  because  one  of  the 


essentials  to  that  eflfect  is  wanting,  namely^ 
the  obliquity  of  the  incidence. 

It  may  also  be  proper  to  remark  that  a  ray 
of  light  cannot  pass  out  of  a  denser  medium 
into  a  rarer,  if  the  angle  of  incidence  exceed 
a  certain  limit.  Thus  a  ray  of  light  will  not 
pass  out  of  glass  into  air,  if  the  angle  of  in- 
cidence exceed  40^  11';  or  out  of  glass  into 
water,  if  the  angle  of  incidence  exceed  59° 
2(K.  In  such  cases  refiaction  will  be  changed 
into  reflection. 

The  following  common  experiments,  which 
are  easily  performed,  will  illustrate  the  doctrine 
of  refraction :  Put  a  shilling,  or  any  other 
small  object  which  is  easily  distinguished,  into 
a  basin  or  any  other  similar  vessel,  and  then 
retire  to  such  a  distance  as  that  the  edge  of 
the  vessel  shall  just  hide  it  from  your  sight 
If  then  you  cause  another  person  to  fill  the 
vessel  with  water,  you  will  find  that  the 
lulling  is  rendered  perfectly  visible,  although 
you  have  not  in  the  sUghtest  degree  changed 
your  position.  The  reason  of  this  is,  tiiat 
the  rays  of  light,  by  which  it  is  rendered 
visible  are  bent  out  of  their  course.  Thus, 
suppose  the  shilling  to  have  been  placed  in 
th'  4iottom  of  the  basin  at  E  ^fig.  2,)  the  ray 
of  light  B  C  which  passes  obliquely  fit>m  the 
air  into  water  at  C,  instead  of  continuing  its 
course  to  K,  takes  the  direction  of  C  E,  and, 
consequently,  an  object  at  E  would  bo  ren- 
dered visible  by  rays  proceeding  in  that  di- 
rection, when  Uiey  would  not  have  touched 
it  had  they  proceeded  in  their  direct  course. 

The  same  principle  is  illustrated  by  the 
following  experiment :  Place  a  basin  or  square 
boT  on  a  table,  and  a  candle  at  a  small  dis- 
tance from  it ;  lay  a  small  rod  or  stick  across 
the  sides  of  the  basin,  and  mark  the  place 
where  the  extremity  of  the  shadow  fiills,  by 
placing  a  shiUing  or  other  object  at  the  point ; 
then  let  water  be  poured  into  the  basin,  and 
the  shadow  will  then  fall  much  nearer  to  the 
sidtf  next  the  candle  than  before.  This  ex- 
periment may  likewise  be  performed  by  simply 
observing  the  change  produced  on  the  shadow 
of  the  side  of  the  basin  itself.  Again,  put  a 
long  stick  obliquely  into  deep  water,  and  the 
stidk  will  seem  to  be  broken  at  the  point 
where  it  appears  at  the  surface  of  the  water, 
the  part  which  is  immersed  in  the  water  ap- 
pearing to  be  bent  upward.  Hence  every 
one  must  have  observed  that,  in  rowing  a  boat, 
the  ends  of  the  oars  appear  bent  or  broken 
every  time  they  are  immersed  in  the  water, 
and  their  appearance  at  such  times  is  a  rcpre- 
sentation  of  the  course  of  the  refracted  rays. 
Again,  fill  a  pretty  deep  jar  with  water,  snd 
you  will  observe  the  bottom  of  the  jar  con- 
siderably elevated,  so  thai  it  appears  much 
shallower  than  it  did  before  the  water  was 
poured  in,  in  tlie  proportion  of  nearly  a  third 
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of  its  depth,  which  is  owing  to  the  same  Gaoae  eye  has  the  same  refractive  power  as  water, 

as  that  which  makes  the  end  of  a  stick  im-  the  rays  of  light  from  any  object  under  water 

mersed  in  water  appear  more  elevated  than  it  will  undergo  no  refraction  in  passing  through 

would  do  if  there  were  no  refraction.    An-  the  cornea  and   aqueous  humour,  and  will 

other  experiment   may  be  just  mentioned,  therefore   meet  in  a  point  fiur  behind  the 

Put  a  sixpence  in  a  wine-glass,  and  pour  up(m  retina.    But  if  any  person,  accustomed  to  go 

it  a  little  water.    When  viewed  in  a  certain  below  water,  should  use  a  pair  of  spectacles, 

position,  two  sixpences  will  appear  in  the  consisting  of  two  convex  lenses,  the  radios  of 

glass— -one  image  of  the  sixpence  from  below,  whose  surface  is  three  tenths  of  an  inch— 

which  comes  directly  to  the  eye,  and  another  which  is  nearly  the  radius  of  the  convexity 

which  appears  considerably  raised  above  the  of  the  cornea — he  will  see  objects  as  distinctly 

other,  in  ccmsequence  of  the  rays  of  light  rising  below  water  as  above  it 
through  the  water,  and  being  refracted.    In       It  is  owing  to  refraction  that  we  cannot 

this  experiment  the  wine-glass  should  not  be  judge  so  accurately  of  magnitudes  and  dig- 

more  than  half  filled  with  water.  tances  in  water  as  in  air.    A  fish  looks  con- 

The  refivction  of  light  explains  the  causes  siderably  larger  in  water  than  when  taken 

of  many  curious  and  interesting  phenomena  out  of  it    An  object  plunged  verHcaUy  into 

both  in  the  heavens  and  on  the  earth.  When  water  always  appears  contracted,  axkd  the 

we  stand  on  the  banks  of  a  river,  and  look  more  so  as  its  upper  extremity  approaches 

obliquely  through  the  waters  to  its  bottom,  nearer  the  suriace  of  the  water.    Every  diing 

we  are  apt  to  think  it  is  much  shallower  than  remaining  in  the  same  situation,  if  we  take 

it  really  is.   If  it  be  eight  feet  deep  in  reality,  it  the  object  gradually  out  of  the  water,  and  it 

will  appear  fit>m  the  bank  to'  be  only  six  feet;  be  of  a  slender  form,  we  shall  see  it  become 

if  it  be  five  feet  and  a  half  deep,  it  will  ap-  larger  and  larger,  by  a  rapid  developement,  as 

pear  only  about  four  feet    This  is  owing  to  it  were,  of  all  its  parts.    The  di^rtion  of 

the  eflects  of  refiraction,  by  which  the  bottom  objects,  seen  through  a  crooked  pane  of  gbsr 

of  the  river  is  apparently  raised  by  the  refrac-  in  a  window,  likewise  arises  from  its  uoequBl 

tion  of  the  light  passing  through  the  water  refiraction  of  the  rays  that  pass  through  it 

into  air,  so  as  to  make  the  bottom  appear  It  has  been  calculated  that,  in  looking  tiirough 

higher  than  it  really  is,  as  in  the  experiment  the  common  glass  of  a  window,  objects  appear 

with  the  jar  of  water.   This  is  a  circiunstanoe  about  the  one-thirtieth  of  an  inch  out  of  their 

of  some  importance  to  be  known  and  attended  real  place,  by  means  of  the  refiiiction. 
to  in  order  to  personal  safety ;  for  many  school-       Refiraction  likewise  produces  an  efiect  upon 

boys  and  other  young  persons  have  lost  their  the  heavenly  bodieSf  so  that  their  ai^iarent 

lives  by  attempting  to  ford  a  river,  the  bottom  positions  are  generally  different  finom  their 

of  which  appeared  to  be  within  their  reach  real.     By  the  refiuctive  power  of  the  atmo* 

when  they  viewed  it  firom  its  banks ;  and  sphere,  the  sun  is  seen  before  he  comes  to  the 

even  adult  travellers  on  horseback  have  some-  horizon  in  the  morning,  and  after  he  sinkf 

times  fiUlen  victims  to  this  optical  deception ;  beneath  it  in  the  evening ;  and  hence  this  hh 

and  this  is  not  the  only  case  in  which  a  minary  is  never  seen  in  ^  place  in  which  it 

knowledge  of  the  laws  of  nature  may  be  use-  really  is,  except  when  it  passes  the  aenith  it 

fill  in  guarding  us  against  dangers  and  ^^al  noon,  to  places  within  the  torrid  lone.    The 

accidents.  sun  is  visible  when  actually  thirty-two  minutes 

It  is  likewise  owing  to  thisrefinctive  power  of  a  degree  below  the  horizon,  and  when  the 

in  water  that  a  skilful  marksman,  who  wishes  opaque  rotundity  of  the  earth  is  interposed 

to  shoot  fish  under  water,  is  obliged  to  take  between  our  eye  and  that  orby  just  on  the 

aim  considerably  behw  the  fish  as  it  appears,  same  principle  as,  in  the  experiment  with  the 

because  it  seems  much  nearer  the  top  of  the  shilling  and  basin  of  water,  the  shilling  was 

water  than  it  really  is.     An  acquaintance  seen  when  the  edge  of  the  basin  interposed 

with  this  property  of  light  is  particularly  use-  between  it  and  the  sight    The  lefiactive 

ful  to  divers,  for,  in  any  of  their  movements  power  of  the  atmosphere  has  been  found  to 

or  operations,  should  they  aim  directly  at  the  be  much  greater,  in  certain  cases,  than  what 

object,  they  would  arrive  at  a  point  consider-  has  been  now  stated.    In  the  year  15Sld,  a 

ably  beyond  it;  whereas,  by  having  some  company  ofDutch  sailors  having  been  wrecked 

idea  of  the  depth  of  the  water,  and  the  angle  on  the  shores  of  Nova  Zembia,  and  baring 

which  a  line  drawn  fit>m  the  eye  to  the  object  been  obliged  to  remain  in  that  desolate  region 

makeswith  its  surface,  the  point  at  the  bottom  during  a  night  of  more  dian  three  months, 

of  the  water,  between  the  eye  and  the  object  beheld  the  sun  make  his  appearance  in  the 

at  which  the  aim  is  to  be  taken,  may  be  horizon  about  sixteen  days  before  the  time  in 

easily  determined.    For  the  same  reason,  a  which  he  diould  have  risen  according  to  est- 

person  below  water  docs  not  see  objects  dis-  culation,  and  when  his  body  was  actually 

tinctly.     For,  as  the  aqueous  humour  c^  the  more  than  four  degrees  beloT  the  horiioni 
(744) 
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wliich  circunutence  has  bfcii  attributed  to  pirt  of  th*  (tflunphere  at  the  ptrint  d,  thej 
the  great  refnctira  power  of  tbe  [ilnioal>luro  nv  bent  out  of  their  rigbt-Uned  courae  hf  tho 
in  thoae  intcDaclj  cotd  legiona.  This  reliHc-  refraction  of  the  atmoaphere.  into  tlie  directioa 
lion  of  the  atmoaphere,  nhich  lendeia  the  ap-  da,  to  that  the  body  of  the  sun,  though  ao 
pitrent  riaing  and  letting  of  tbe  sun  both  tuallj  intereeptcd  by  the  curve  of  the  euth'i 
earlier  and  later  than  the  real,  produces,  at  conveiity,  conaiating  of  a  denae  man  of-  land 
least,  one  important  beneSdal  eSiict.  It  piD-  or  water,  is  actuall;  beheld  bjr  tbe  spectator  , 
cures  for  ua  the  benefit  of  a  much  longer  day,  at  a.  The  lefiaetive  power  of  the  atmoaphere 
at  all  aeasoni  of  the  year,  than  we  should  en-  gTadaall;  dimioishes  from  the  horizon  to  the 
jo;  did  not  this  proper^  of  the  atmosphere  lenilh,  and  increaaea  from  the  senith  to  the 
ptiidiice  this  efiect.  It  is  owitig  to  the  same  hoiizon,  in  proportion  to  the  density  of  its 
caiue  that  the  disks  of  the  lun  and  moon  ap-  difTeicot  stnta,  being  densest  at  its  tover  ex- 
pcer  ellipttcBl  or  oval  when  soen  in  the  hori-  trcmity  next  the  eaith,  and  mate  rare  toward* 
zon^  their  horiiontal  diameters  appearing  its  higher  regions.  If  a  person  at  □  had  the 
longer  than  their  vertical,  which  ia  caused  by  sun,  e,  in  his  lenith,  he  would  nee  him  whore 
the  greater  reiraetion  of  the  rays  coming  from  he  really  is  (  for  hia  rays  coming  perpendicu- 
die  lower  limb,  which  is  immersed  in  the  den-  larly  through  the  atmo^here,  would  be 
je*t  part  of  the  slmospbete.  equally  attracted  in  all  directions,  and  would. 

The  illuminatioi)  of  the  heavens  which  therefore,  sutler  no  inflection.  Bat,  about 
precedes  the  rising  of  the  sun,  and  continues  two  In  the  allcrDOon,  he  would  see  the  sun 
■HDe  time  afler  he  is  set,  or  what  is  commonly  at  f,  though,  in  reality,  he  waa  at  k,  thirty- 
called  the  morning  and  evening  Iwilighi,  is  three  seconds  lower  than  his  apparent  situa- 
likewise  produced  by  the  atmospheric  le-  lion.  At  about  four  in  the  altcmoon  ho 
fraction,  which  dicumstance  forms  a  veiy  would  see  Mm  at  m,  when  he  is  at  ti,  one 
pleasing  and  beneficial  arrangement  in  the  miiuile  and  thirty-eight  second*  from  hid  ap- 
■y«Ccm  of  nature.  It  not  only  prolong*  to  us  parent  situation.  But  at  ai  o'clock,  when 
the  influence  of  the  solar  li^E,  and  adds  ive  shall  suppose  he  acta,  ho  will  be  seen  at  o, 
nearly  two  hours  to  the  length  of  our  day,  though  ha  ia  at  that  time  at  p,  more  than 
but  prevents  us  from  being  transported  all  at  thiity-two  minutes  below  the  horizon.  These 
once  firom  the  darkness  of  midnight  to  the  phenomena  arise  from  the  dinerent  refractive 
^lendoui  of  noonday,  and  from  the  effiil-  powers  of  the  atmosphere  at  diSerent  eleva- 
gence  of  day  to  the  gloom  nnd  horron  of  the  lions,  and  from  the  obliquity  with  which  the 
night,  which  would  bewilder  the  traveller  ahd  rays  of  tight  &11  upon  it;  lor  wo  see  every 
navigator  in  their  journeys  by  *ca  or  Und,  object  along  that  line  in  t^ich  the  mys  from 
and  strike  the  living  world  with  terror  and  it  are  directed  by  the  last  medium  through 
amaxement.  which  they  passed. 

The  tbilowiitg  figure  will  illuiftrate  the  po-  The  same  phenomena  happen  in  relation 
sition  now  stated,  and  the  manoei  in  which  to  the  moon,  the  planets,  the  comets,  the 
the  refraction  of  the  atmosphere  produces  star«,  and  every  other  celestial  body,  all  of 
tbefw  efiectsi  Let  A  a  C,  fig.  i,  represent  whidi  appear  more  elevated,  eq)eciBlly  when 
one-half  of  our  globe,  and  the  dark  space  be-  near  the  horizon,  than  their  true  places.  The 
tween  that  curve  and  B  r  D,  the  atmosphere,  variable  and  incacasing  refraction  from  the 
A  peraon  standing  on  the  earth's  sur&ce  at  a  zenith  to  the  horizon  is  a  source  of  considera- 
would  see  the  sun  rise  at  ft,  when  that  lumi-  ble  trouble  and  diffioilly  in  making  astrono- 
Iiaiy  waa  in  reality  only  at  c,  more  than  half  mical  obserwtions,  and  in  nautical  calcula- 
tions; tor,  in  order  to  determine  the  real 
Fig.  4.  altitudes  of  the  heavenly  bodies,  the  eiact 

degree  of  refraction  at  the  observed  elevation 
must  be  taken  into  account.    To  the  same 
cause  we  are  to  ascribe  a  phcnomenoii  that 
boa  sometimes  occurred,  namely,  that  the 
moon  has  been  seen  rising  lolalty  eclipsed. 
while  the  sun  was  still  visible  in  the  opposite 
quarter  of  the  horizon.    At  the  middle  of  a 
total  ecUpse  of  the  moon,  the  sun  and  moon 
are  in   opposition,  or    ISO  degrees  asunder; 
and,  therefore,  were  no  atmosphere  surround- 
ing the  earth,  these  luminsries,  in  such  a  po- 
sition, could  never  be  seen  above  the  horiion 
>  degree  below  the  horizon.    When  the  raya  at  the  same  time.    But,  by  the  refracnon  of 
«rihe  sun, alter  havingproceededinastraight    the  atmoaphere  near  the  horizon,  the  bodiea 
line  flironab  empty  space,  strike  tbe  upper   of  the  aun  and  moon  are  rused  more  than  33 
M  3  R  (7<5) 
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minutes  abore  their  tnie  places,  which  is  affirmed,  as  far  to  the  westward  as  Dieppe, 

equal,  and  sometimes  more  than  equal,  to  the  which  could  not  be  much  less  than  eighty  or 

apparent  diameters  of  these  bodies.  ninety  miles.    By  the  telescope  the  Freoch 

J?ww,.^,7;«««,  /^/..^^  /»/  P«/:./r^f.'^  ••-  »*/^  fishing-boats  were  plainly  seen  at  anchor,  and 

^^raordiruiry  Cases  ofRefra^  in  Re^  the  (hffisrent  coloirs  of   the  land   on  the 

.      tion  to  Terrestrial  Objects.  ^^^^^  ^^  ^^  buildings,  were  peifecUy 

In  consequence  of  the  accidental  conden-  diaoemible. 
sation  of  certain  strata  of  the  atmosphere,       This  singular  phenomenon  was  doubtleai 

some  very  singular  eflfects  have  been   pro-  occasioned    by  an  extraordinary  refraction, 

ducod  in  the  apparent  elevation  of  terrestrial  produced  by  an  unusual  expansion  or  condeo- 

objects  to  a  position  much  beyond'  that  in  sation  of  the  lower  strata  of  the  atmosphere, 

which  they  usually  appear.    The  following  arising  from  circumstances  connected  with  the 

instance  is  worthy  of  notice.  It  is  taken  from  extreme  heat  of  the  season.     The  objects 

the  Philosophical  Transactions  of  London  for  seem  to  have  been  apparently  raised  far  above 

1798,  and  was  communicated  by  W.  Latham,  their  natural  positions;  for,  from  the  beach  at 

Esq.,  F.R.8.,  who  observed  the  phenomenon  Hastings,  a  straight  line,  drawn  across  towarda 

firom  Hastings,  on  the  south  coast  of  Eng-  the  French  coast,  would  have  been  intercepted 

land :  **  On  July  26,  1797,  about  five  o'clock  by  the  curve  of  the  waters.    They  seem,  also, 

in  the  afternoon,   as  I  was  sitting    in    my  to  have  been  magnified  by  the  refiaction,  and 

dining-room  in  this  place,  which  is  situated  brought,  apparently,  four  or  five  times  nearer 

upon  the  Parade,  close  to  the  seashore,  nearly  the  eye,  than  in  the  ordinary  state  of  the  at- 

fn>nting  the  south,  my  attention  was  excited  mosphere. 

by  a  number  of  people  running  down  to  the       The  following  are  likewise  instances  of  nn- 

seaside.     Upon  inquiring  the  reason,  I  was  usual  refiraction :  When  Captain  Colby  was 

informed  that  the  coast  of  France  was  plainly  rangii\g  over  the  coast  of  Caithness,  with  the 

to  be  distinguished  by  the  naked  eye.     I  im-  telescope  of  his  great  Theodolite,  on  the  21fit 

mediately  went  down  to  the  shore,  and  was  of  June,  1819,  at  eight  o^clock,  P.X.,  from 

surprised  to  find  that,  even  without  the  as-  Corryhabbie  Hill,  near  MortUch,  in  Banffihire, 

nstance  of  a  telescope,  I  could  very  plainly  he  observed  a  brig  over  the  land  of  Caithnen, 

see  the  cliffs  on  the  opposite  coast,  which,  at  sailing  to  the  westward  in  the  Pentland  Frith, 

the  nearest  part,  are  between  forty  and  fifty  between  the  Dunnet  and  Duncansby  heads, 

miles  distant  and  are  not  to  be  discerned  Having  satisfied  himself  as  to  the  fact,  he  re- 

firom  that  low  situation  by  the  aid  of  the  best  quested  his  assistants,  Lieutenants  Robe  and 

glasses.     They  appeared  to  be  only  a  few  Dawson,  to  look  through  the  telescope,  which 

miles  off,  and  seemed  to  extend  for  some  they  inmiediately  did,  and  observed  the  brig 

leagues  along  the  coast    I  pursued  my  walk  likewise.     It  was  very  distinctly  visible  for 

along  the  shore  eastward,  doso  to  the  water's  several  minutes,  while  the  party  contmued  to 

edge,  conversing  with  the  sailors  and  fisher-  look  at  it,  and  to  satisfy  themselves  as  to  iti 

men  upon  the  subject     They  at  first  would  position.    The  brig  could  not  have  been  lesi 

not  be  persuaded  of  the  reality  of  the  appear-  than  from  ninety  to  one  hundred  miles  dis- 

ance ;  but  they  soon  became  so  thoroughly  tant ;  and,  as  the  station  on  Corryhabbie  is 

convinced  by  the  clifis  gradually  appearing  not  above  850  yards  above  the  sea,  the  phe- 

more  elevated,  and  approaching  nearer,  as  it  nomenon  is  interesting.    The  thermometer 

were,  that  they  pointed  out  and  named  to  me  was  at  44^.    The  night  and  day  preceding 

the  different  places  they  had  been  accustomed  the  sight  of  the  brig  had  been  continually 

to  visit,  such  as  the  Bay,  the  Old  Head,  or  rainy  and  misty,  and  it  was  not  till  seven 

Man,  the  Windmill,  dec.,  at  Boulogne,  St  o'clock  of  the  evening  of  the  2l8t  that  the 

Vallery,  and  other  places  on  Uie  coast  of  Pi-  clouds  cleared  off  the  MU.* 
cardy,  which  they  afterward  confirmed,  when        Captain  Scoresby  relates  a  singular  pheno- 

they  viewed  them  through  their  telescopes,  menon  of  this  kind,  which  oocuircd  while  he 

Their  observations  were,  that  the  places  ap-  was  traversing  the  Polar  seas.    His  ship  had 

pea  red  as  near  as  if  they  were  sailing,  at  a  been  separated  by  the  ice  from  that  of  his 

small  distance,  into  the  harbours.     The  day  father  for  a  considerable  time,  an'd  be  ^as 

on  which  this  phenomenon  was  seen  was  ex-  looking  out  for  her  every  day  with  great  aox- 

tremely  hot ;  it  was  high  water  at  Hastings  iety.    At  length,  one  evening,  to  his  utter 

about  two  o'clock  p.m.,  and  not  a  breath  of  astonishment,  he  saw  her  suspended  iu  the 

wind  was  stirring  the  whole  day."     From  air,  in  an  inverted  position,  traced  on  the  ho- 

the  summit  of  an  adjacent  hill,  a  most  beauti-  rizon  in  the  clearest  colours,  and  with  the 

ful  scene  is  said  to  have  presented  itselfl     At  most  distinct  and  perfect  representation.    He 

one  glance  the  spectators  could  see  Dunge-  sailed  in  the  diiection  in  which  be  saw  this 
ness,  Dover  Cliffs,  and  the  French  coast,  all       ,  Edinburgh  PhUoaophieal  Journal  fcr  October, 

«long  from  Calais  to  St  Vallery,  and,  as  some  isid,  p.  411. 
(746) 
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vkionaiy  phenomenon,  and  actually  found  his  the  line  of  our  visible  horizon.    In  combina- 

Other's  vessel  by  its  indication.    He  was  di-  tion  with  the  power  of  reflection,  it  cieatea 

videdfiromfaimby  immense  masses  of  icebergs,  vinonaiy  landscapes,  and  a  variety  of  gro- 

and  at  such  a  distance  that  it  was  quite  im-  tesque  and  extraordinary  appearances,  which 

poesible  to  have  seen  the  ship  in  her  actual  delight  and  astonish,  and  sometimes  appal  the 

sttuati^n,  or  to  have  seen  her  at  all,  if  her  beholders.    In  short,  as  we  shall  afterwards 

spectrum  had  not  been  thus  raised  several  de-  see  more  particularly,  the  refraction  of  light  ' 

g:rees  above  the  horizon  into  the  sky  by  this  through  glasses  of  different  figures  forms  the 

extraordinary  refraction.    She  was  reckoned  principle  on  which  telescopes  and  microscopes 

to  be  seventeen  miles  beyond  the  visible  ho-  are  constructed,  by  whidi  both  the  remote 

tizon,  and  thirty  miles  diirtant  and  the  minute  wonders  of  creation  have  been 

Mra.  Somerville  states  that  a  firiend  of  hers,  disclosed  to  view.   iSo  that,  had  there  been  no 

while  standing  pn  the  plains  of  Hindostan,  bodies  capable  of  refracting  the  rays  of  light, 

saw  the  whole  upper  chain  of  the  Himalaya  we  should  have  remained  for  ever  ignorant 

Mountains  start  into  view,  from  a  sudden  of  many  sublime  and  august  objects  in  the 

change  in  the  density  of  the  air,  occasioned  remote  regions  of  the  universe,  and  of  the 

by  a  heavy  shower,  after  a  long  course  of  dry  admirable  mechanism  and  the  countless  variety 

and  hot  weather.    In  loddng  at  distant  ob-  of  minute  objects  which  lie  beyond  the  range 

jects  through  a  telescope,  over  the  top  of  a  of  the  unassisted  eye  in  our  lower  creation, 

ridge  of  hilU,  about  two  miles  distant,  I  have  all  of  which  are  calculated  to  direct  our  views, 

several  times  observed  that  some  of  the  more  and  to  enlarge  our  conceptions  of  the  Almighty 

distant  objects  which  are  sometimes  hid  by  Creator. 

the  interposition  of  a  ridge  of  hills,  are  at       In  the  operation  of  the  law  of  refraction  in 

other  times  distinctly  visible  above  them.    I  those  and  numerous  other  instances,  we  have 

have  sometimes  observed  that  objects  near  the  a  specimen  of  the  diversified  and  beneficent 

middle  of  the  field  of  view  of  a  telescope,  effects  which  the  Almighty  can  produce  by 

which  was  in  a  fixed  position,  have  suddenly  the  agency  of  a  single  principle  in  nature, 

appeared  to  descend  to  the  lower  part,  or  as-  By  the  influence  of  the  simple  law  of  gravita- 

cend  to  the  upper  part  of  the  field,  while  the  tion  the  planets  are  retained  in  their,  orbits, 

telescope  remained  unaltered.    I  have  like-  the  moon  directed  in  her  course  around  the 

wise  seen,  with  a  powerful  telescope,  the  Bell  earth,  and  the  whole  of  the  bodies  connected 

Rock  Lighthouse,  at  the  distance  of  about,  with  the  sun  preserved  in  one  harmonious 

twenty  miles,  to  appear  as  if  contracted  to  system.     By  the  same  law  the  mountains  of 

less  than  two-thirds  of  its   usual  apparent  our  globe  rest  on  a  solid  basis,  the  rivers  flow 

height,  while  eveiy  part  of  it  was  quite  dia-  through  the  plains  towards  the  seas,  the  ocean 

tinct  and  well  defined,  and  in  the  course  of  is  confined  to  its  prescribed  boundaries,  and 

an  hour,  or  less,  appeared  to  shoot  up  to  its  the  inhabitants  of  the  earth  are  retained  to  its 

nsual   apparent  elevation — all  which  pheno-  surface,  and  prevented  firom  flying  upwards 

mena   are  evidently  produced   by  the  same  through  the  voids  of  space.    In  like  manner, 

cause  to  which  we  have  been  adverting.  the  law  by  which  light  is  refracted  produces  a 

Such  are  sofbe  of  the  striking  effects  pro-  variety  of  beneficial  effects  essential  to  the  pre- 
dnoed  by  the  refinaction  of  light  It  enables  sent  constitution  of  our  world  and  the  com- 
us  to  see  objects  in  a  direction  where  they  are  fort  of  its  inhabitants.  When  a  ray  of  light 
not;  it  raises,  apparently,  the  bottoms  of  lakes  enters  obliquely  into  the  atmosphere,  instead 
and  rivers ;  it  magnifies  objects  when  their  of  passing  directly  through,  it  bends  a  little 
light  passes  through  dense  mediums;  it  makes  downward,  so  that  the  greater  portion  of  the 
the  sun  appear  above  the  horizon  when  he  is  rays  which  thus  enter  the  atmospheric  mass 
actually  below  it,  and  thus  increases  the  descend  by  inflection  to  the  earth.  We  then 
length  of  our  day ;  it  produces  the  Aurora  enjoy  the  benefits  of  tiiat  light  which  would 
and  the  evening  twilight,  which  forms,  in  otherwise  have  been  totally  lost  We  pcr- 
many  instances,  the  most  delightful  part  of  a  ceive  the  light  of  day  an  hour  before  the  so- 
sumraer  day ;  it  prevents  us  from  being  in-  lar  orb  makeis  its  appearance,  and  a  portion 
volved  in  total  darkness,  the  moment  after  the  of  its  light  is  still  retained  when  it  has  de- 
sun  has  descended  beneath  the  lunvon ;  it  soended  nearly  eighteen  degrees  below  our 
modifies  the  appearances  of  the  ceiestial  horizon.  We  thus  enjoy,  throughout  the 
bodies,  and  the  directions  in  which  they  are  year,  seven  hundred  and  thirty  hours  of  light 
beheld ;  it  tinges  the  sun,  moon,  and  stars,  as  which  would  have  been  lost  had  it  not  been 
well  as  the  clouds,  with  a  ruddy  hue  when  refiacted  down  upon  us  from  the  upper  re- 
near  the  horizon :  it  elevates  the  appearance  gions  of  the  atmosphere.  To  the  inhabitantt 
of  terrestrial  objects,  and,  in  certain  extraor-  of  the  polar  regions  this  effect  is  still  more  in- 
dinary  cases,  brings  them  nearer  to  our  view,  teresting  and  beneficiaL  Were  it  not  for 
and  enables  us  to  behold  them  when  beyond  their  twilight,  they  would  be  involved,  for  a 

(7«) 


90  "HIE  PRACTICAL  ASTRONOMER. 

miidi  longer  period  than  they  now  are«  in  per-  field,  and  his  rays  would  show  us  the  adjacent 
petual  darkness ;  bat  by  the  powerfiil  refrac-  otjects  immediately  around  us :  bat  the  nyi 
tion  of  light  which  takes  place  in  the  frigid  which  iall  on  the  object  remote  from  us  woidd 
Eones,  the  day  sooner  makes  its  appearance  be  for  oyer  lost  in  the  expanse  of  the  heaveia. 
towaids  spring,  and  their  long  winter  nights  Instead  of  the  beautiful  azure  of  the  sky,  and 
are,  in  certain  cases,  shortened  by  the  period  the  colours  which  distinguish  the  &ce  of  na- 
of  thirty  days.  Under  the  poles,  where  the  ture  by  day,  we  should  see  nothing  bat  an 
darkness  of  night  would  continue  six  months  abyss  of  darkness,  and  the  stars  shining  ftom 
without  intermission,  if  there  were  no  refrac*  a  vault  as  dark  as  chaos.  Thus  there  would 
tion,  total  darkness  does  not  prevail  dur-  be  no  day,  such  as  we  now  enjoy,  without  the 
ing  throne  half  of  this  period.  When  the  atmosphere:  since  it  is  by  the  refi:actioQ  and 
sun  sets,  at  the  north  pole,  about  the  23d  of  reflections  connected  with  this  aerial  fluid  that 
September,  the  inhabitants  (if  any^  enjoy  a  light  is  so  modified  and  directed  as  to  produce 
perpetual  aurora  till  he  has  descended  eighteen  all  that  beauty,  splendour,  and  harmony  which 
degrees  below  the  horizon.  In  his  course  i^pear  on  the  concave  of  the  sky,  and  on  the 
through  tha  ecliptic  the  sun  is  two  months  (Ejects  which  diversify  our  teirestrial  abode, 
before  he  can  reach  this  point,  during  which  The  effisct  of  refitiction,  in  respect  to  ter- 
time  there  is  a  perpetual  twilight.  In  two  rutrial  objects,  is  likewise  of  a  beneficial  na- 
months  more  he  arrives  again  at  the  same  tore.  The  quantity  of  this  refractioD  is  eati- 
point,  namely,  eighteen  degrees  below  the  mated  by  Dr.  Maskelyne  at  one^enth  of  the 
horizon,  when  a  new  twilight  commences,  distance  of  the  object  observed,  expressed  in 
which  is  continually  increasing  in  brilliancy  degrees  of  a  great  circle.  Hence,  if  the  dis- 
for  other  two  months,  at  the  end  of  which  the  tanoe  be  10,000  fathoms,  its  tenth  part  1000 
body  of  this  luminary  is  seen  rising  in  all  its  fiLthoms,  is  the  sixtieth  part  of  a  degree,  or 
glory.  So  that,  in  this  region,  the  light  of  one  minute,  which  is  the  refractioii  in  altitude, 
day  is  enjoyed  in  a  greater  or  less  degree,  for  Le  Gendre  estimates  it  at  one-fourteenth,  De 
ten  months  vrithout  interruption  by  the  effects  Lambre  at  one-eleventh,  and  others  at  a 
of  atmospheric  refinction ;  and,  during  the  twelfth  of  the  distance ;  but  it  must  be  snp- 
two  months  when  the  influence  of  the  solar  posed  to  vary  at  different  times  and  places  as- 
light  is  entirely  withdrawn,  the  moon  is  shining  cording  to  the  varying  state  of  the  atmosphfsre, 
above  the  horizon  for  two  half  months  without  This  refraction,  as  it  makes  objects  appear  to 
intermission ;  and  thus  it  happens  that  no  be  raised  higher  than  they  really  are,  enlarges 
more  than  two  separate  fortnights  are  passed  in  the  extent  of  our  landscapes,  and  enables  us 
absolute  darkness ;  and  this  darkness  is  allevi-  to  perceive  distant  objects  which  woukl  other- 
ated  by  the  Ught  of  the  stars  and  the  frequent  wise  have  been  invisible.  It  is  paiticolarij 
coruscations  of  the  Aurora  Borealis.  Hence  usefiil  to  the  navigator  at  sea.  It  is  one  im- 
it  appears  that  there  are  no  portions  of  our  portent  object  of  the  mariner,  ^en  traversing 
globe  that  enjoy,  throughout  the  year,  so  hiscoursc,  to  look  out  for  capes  and  beadlandi^ 
large  a  portion  of  the  solar  light  as  these  rocks,  and  islands,  so  as  to  desciy  them  as 
northern  regions,  which  is  chiefly  owing  to  the  soon  as  they  are  within  the  reach  of  his  ejre. 
refraction  of  the  atmosphere.  Now,  by  means  of  refraction,  the  tops  of  luUi 
The  refraction  of  light  by  the  atmosphere,  and  the  elevated  parts  of  coasts  are  apparently 
combined  with  its  power  of  reflecting  it,  is  raised  into  the  air,  so  that  they  may  be  dis- 
likewise  the  cause  of  that  universal  light  and  covered  several  leagues  fiirther  ofi*  on  the  sea 
splendour  which  appears  on  all  the  objects  than  they  would  be  did  no  such  refractive 
around  us.  Were  the  earth  disrobed  of  its  power  exist.  This  drcumstanoe  is  tberefoie 
atmosphere,  and  exposed  naked  to  the  solar  a  considerable  benefit  to  the  science  of  navi> 
beams,  in  this  case  we  might  see  the  sun  gation,  in  enabling  the  mariner  to  steer  his 
without  having  day,  strictly  so  called.  His  course  aright,  and  to  give  him  the  most  early 
rising  .would  not  bo  preceded  by  any  twilight  warning  of  the  track  he  ought  to  take,  or  of 
as  it  now  is.  The  most  intense  darkness  the  dangers  to  which  he  may  be  exposed, 
would  cover  us  till  the  very  moment  of  his  In  short,  the  eflects  produced  by  theiefrao- 
rising;  he  would  then  suddenly  break  out  tion  and  reflection  of  light  on  the  soeneiycoo- 
from  under  the  horizon  with  the  same  splen-  nected  -vith  our  globe  teach  us  that  these 
dour  he  would  exhibit  at  the  highest  part  of  pruiciples,  in  the  hand  of  the  Ahnighty, 
of  his  course,  and  would  not  change  his  might  be  so  modified  and  directed  as  to  pro- 
brightness  till  the  very  moment  Of  bis  setting,  duoe  the  most  picturesque,  the  most  glorious, 
when,  in  an  instant,  all  would  be  black  as  the  and  wonderfiil  phenomena,  such  as  mortal 
darkest  night.  At  noonday  we  should  see  eyes  have  never  yet  seen,  and  of  which  human 
the  sun  like  an  intensely-brilliant  globe  shining  imagination  can  form  no  conception ;  and  in 
hi  a  sky  as  black  as  elx>ny,  like  a  clear  fire  in  other  worlds,  inore  resplendent  and  magnifi 
the  night  seen  in  the  midst  of  an  eztensive  cent  than  oure,  such  scenes  may  be  fiilhr 
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ndoed,  in  ecnnbination  with  the  operation  of  may  be  reflected  and  refracted  throagh  diflfer- 

phynoal  principlea  and  agents  with  which  ent  mediums,  in  such  a  manner  as  to  present 
we  are  at  present  unacquainted.    From  what '  to  the  new  of  their  inhabitants  the  prominent 

we  already  kn'^w  of  the  efifecta  of  the  reflec*  scenes  connected  with  distant  systems  and 

tion  and  tfie  refraction  of  tight,  it  is  not  be-  worlds,  and  to  an  extent  as  shidl  infinitely 

yond  the  bounds  of  probability  to  suppose  surpass  the  effects  produced  by  our  most 

that,  in  certain  regions  of  the  universe,  tight  powerful  telescopes.  » 


CHAPTER  HI. 

On  the  R$fraeiion  of  Light  through  spherical  traruparent  substances^  or  lenses* 

It  is  to  the  relVaction  of  tight  that  we  are  lenses,  it  is  evident  that  there  may  be  almost 

indebted  for  the  use  of  lenses  or  artificial  an  infinite  variety.    For  every  convex  surface 
glasses  to  aid  the  powers  of  the  vision.    It 

lajrs  the  foundation  of  telescopes,  microscopes,  Fig.  6. 

camera  obseuras,  phantasmagorias,  and  other  ^^-!*r7friri»&w  Planoconvex* 

optical  instruments,  by  whidi  so  many  beau-  A^&AMmJ^^ 

the  principles  on  which  such  instruments  are  ^-*-rTrrTfc*^ 

constructed,  it  is  necessary  to  explain  the  C^fjltiS^^  Double  Convex* 

manner  in  which  the  rays  of  light  are  refracted  ^^^'  '"  ""'^^ 

and  modified  when  passing  through  spherical  T)p'^']2^g[^|j3  Double  Concave. 

mediums  of  difieient  forms.    I  do  not  intend,  Jt**^       "  ^  ^*5| 

however,  to  enter  into  the  minutis  of  this  ^^f^^^'^fp*^^ 

subject,  nor  into  any  abstract  mathematical  yr^ff^^^^^  Meniecus, 

demonstrations,  but  shall  simply  offer  a  few  'p>*^*~^-<i| 

explanations  of  general  principles,  and  seve-  p^^g^fr^.''"'''CS^  Concavo-convex. 
ral  experimental    illustrations,  which    may 

enable  the  general  reader  to  understand  the  is  to  be  considered  as  the  segment  of  a  cirde, 

construction  of  the  optical  instruments  to  be  the  diameter  and  the. radius  of  which  may 

afterwards  described.  vaiy  to  almost  any  extent.  Hence  lenses  have 

A  lens  is  a  transparent  substance  of  a  dif-  been  formed  by  opticians,  vaiyingfrom  one-fif- 

ferent  density  fix>m  the  surrounding  medium,  tieth  of  an  inch  in  radius  to  two  hundred  feet 

and  terminating  in  two  surfaces,  either  both  When  we  speak  of  the  length-of  the  radius  of 

spherical,  or  one  spherical  and  the  other  plain,  a  lens,  as,  for  instance,  when  we  say  that  a 

It  is  usuaUy  made  of  glass,  but  may  also  be  lens  is  two  inches  or  forty  inches  radius,  we 

formed  of  any  other  transparent  substance,  mean  that  the  convex  surface  of  the  glass  is 

as  ice,   crystal,  diamonds,  pebbles,  or  fluids  the  part  of  a  drele,  the  radius  of  which,  or 

of  different  densities  and  refiractive  powers,  half  the  diameter,  is  two  inches  or  forty  inches; 

inclosed  between  concave  glasses.   Lenses  are  or,  in  other  words,  were  the  portion  of  the 

ground  into  various  forms,  according  to  the  sphere  on  which  it  is  ground  fbrmed  into  a 

purpose  they  are  intended  to  serve.    They  globe  of  corresponding  convexity,  it  would  be 

may  be  genetaUy  distinguished  as  being  either  four  inches  or  eighty  inches  in  diameter. 

convex  or  concave,    A  convex  glass  is  thickest  The  axis  of  a  lens  is  a  straight  line  drawn 

in  the  middle,  and  thinner  towards  the  ex-  through  the  centre  of  its  spherical  surface ; 

tremities.    Of  these  there  are  various  forms,  and,  as  the  spherical  sides  of  every  lens  are 

which  are  represented  in  fig.  5.   ^  is  a.plano'  arches  of  circles,  the  axis  of  the  lens  would 

eonrex  lens,  which  has  one  side  plane,  and  pass  through  the  centre  of  that  circle  of  which 

the  other  spherical  or  convex.    £  is  a  piano-  its  sides  are  segments.    Rays  are  those  ema- 

eoneave,  which  is  plane  on  the  one  side  and  nations  of  tight  which  proceed  from  a  luminous 

concave  on  the  other.     C  is  a  double-convex,  body,  or  fiom  a  body  that  is  iUuminated. 

or  one  which  is  spherical  on  both  sides.  I>,  a  The  Radiant  is  that  body  or  object  which 

double-eoneavef  or  concave  on  both  sides.    E  emits  the  rays  of  tight,  whether  it  be  a  self* 

is  called  a  meniseuSt  which  is  convex  on  one  luminous  body,  or  one  that  only  reflects  the 

side  and  concave  on  the  other.    .F  is  a  con-  rays  of  tight    Rays  may  proceed  from  a 

eavo-ctmveXf  the  convex  side  of  which  is  of  a  Radiant  in  different  directions.    They  may 

smaller  sphere  than  the  concave.    In  regard  be  either  parallel,  converging,  or  diverging, 

to  the  degree  of  convexity  or  concavity  in  Para//f/ rays  are  those  which  proceed  «^ai/y 
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ditlant  from  each  olher  Ihrough  their  whole  rxja.  The  conTerging  nj»  here  n . 
coune.  Rayi  proceeding  fiom  the  lun,  the  DU]' be  conceiTed  ■<  having  bten  refiveted  t^ 
pluiets,  the  itm,  and  distant  terrestrial  ob- 
jects are  consideied  u  parallel,  m  in  6g.  fl.  Fig.  II.  Fig.  9.  Fig.  10. 
CoTWcr^iiij' isja  are  nich  as,  proceeding  ftom 
a  body,  approach  nearer  and  nearer  in  their 
piogrcn,  tending  to  a  certain  point  where 
they  all  unite.  Thus,  the  rajs  proceeding 
from  the  olij«t  J  B  (fig  7)  to  the  point  F, 
are  eaid  to  couwrge  towaida  tb«t  poinL    All 


another  convex  leni  of  a  longar  ibeni,  tai, 

conTex  gtasae*  canae  paralld  rayi  which  M  paamng  on  towardi  a  point  of  eonrergniM, 

upon  them  to  converge,  in  a  greater  or  leee  were  intercepted   bj  the  lena  ^  B.    Th« 

degree ;  and  they  render  omverging  rays  s^l  point  J  is  the  place  where  the  ravs  wwjU 

more  convergent.    If  A  B,  fig.  7,  represent  a  hsve  converged  to  a  focds,  hul  they  not  beta 

convei  lens,  and  ^  C  /  parallel  rays  lolling  thna   Intcn^epted.       Fig.   11    represents  Ik 

upon  it,  they  will  be  refracted,  and  converge  eonrie  of  diverging  raya  when  &lliag  on  1 

towards   the   point  F,  which  is  called  the  double  convex  glass.    In  this  cue,  the  nvi 

fociu,  or  baniing  point ;  becatue,  when  the  D  B,  D  A,  &c,  after  pasaing  thrangli  the 

sun's  rays  are  thus  converged  to  a  pomt  by  a  Jens,  converge  to  a  focus  at  a  point  txmaia- 

large  lens,  they  set  on  fire  combustible  aub-  ably  further  from  the  leni  Ihsii  iti  centre,  it 

■tances.    In  this  point  the  ray*  meet  and  in-  at  F.     Buch  rays  must  be  cmundeted  u  prn- 

lerseet   each   other.       Diverging    rayt    are  ceeding  from  near  objects,  and  the  6rt  msj 

those  which,  proceeding  from  any  point,  as  be  illuMtatad  by  the  following  eipcrimrnl: 

A,  fig  8,  continaally  recede  from  each  other  Take  a  common  reading  glass,  and  hold  it  in 

as  they  pasB  along  in  their  course  towards  B  the  raysof  the  Bun,oppos[eaBheeti)f writing 

C.     AH  the  raja  which  proceed  bom  near  paper  or  a  white  wall,  and  observe  ai  icliiii 

objects,  as  a  witidowin  a  room,  or  an  adjacent  di^anee  from  the  glass  the  rajs  on  the  paper 

bouae  or  garden,  are  more  or  less  divergent  converge  to  a  small,  distinct  white  spot.  ^Hiis 

The  fbllowing    figures  show  the  efiecta  of  distance  ^ves  the  fiieal  length  of  the  kni  by 

parallel,  converging,  and  diverging  raja,  in  parallel  raya.     If  now  we  hold  the  gliHwill*- 

passing  through  a  doable  convex  lens :  in  a  few  fcet  of  a  window,  or  a  burning  csndle, 

Fig.  9  shows  (he  efiects  of  parallel  rays,  and  receive  its  image  on  the  paper,  thr  fbnl 

K  A,  D  E,  LB,  tailing  on  a  convex  glass,  distance  of  the  image  fimn  the  gla»  "iU  be 

A  B.     The  rays  which  tall  near  the  extremi-  tbund   to  b«  longer.     It  in  the  foraici  raic, 

ties  Bl  A  and  B  are  bent  or  refracted  towarda  the  focal  distance  was  twelve  behei,  in  the 

C  F,  the  focus,  and  centra  of  convexity.     It  latter  eaae  it  will  be  thirteen,  fiflran,  or  sii- 

will  be  observed  that  they  are  less  refracted  teen  mches,  according  to  the  distance  of  the 

•S  they  approach  the  centre  of  the  lena,  and  window  or  the  candle  from  the  glass, 

tho^  central  ny  D  E  C,  which  ia  called  tlie  If  the  lens  A  B,  fig.  9,  on  which  p"™lW 

aitt  of  the  lens,  and  which  passes  through  rays  are  represented  as  Wling,  were  «  piano- 

its  centre,  sulfcra  no  refraction.     Fig.  10  ex-  eotitwr,  as  represented  at  A.  fig.  6,  the  raja 

bilnts  the  coarse  of  converging  rays  when  would  converge  to  a  point  P,  at  doobte  Ihe 

passing  through  a  similar  lens.     In  this  case,  radius,  or  the  whole  diameter  of  the  rpbert 

the  rays  converge  to  a  ibcus  martr  to  the  of  which  it  is  a  segmenL    If  the  ihifkomol 

lens  than  the  centre;  fi>r  a  eattvei  lens  uni-  a  phnoM»nvex  ti«  conmdered,  and  if  it  be  ai- 

tnmlyioamaea  the  convergence  of  converging  paced  on  its  convex  »de  to  paralhl  la.".  ** 
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those  of  the  sarif  the  focus  will  be  at  the  dis- 
tance of  twice  the  radius,  wanting  twththirds 
of  the  ihieknesa  of  the  lens.  But  if  the  same 
lens  be  exposed  with  its  plane  side  to  parallel 
rays,  the  focus  will  then  be  precisely  at  the 
distance  of  twice  the  radius  from  the  glass. 

The  effects  of  concave  lenses  are  directly 
opposite  to  those  of  convex.  Parallel  rays, 
striking  one  of  those  glasses,  instead  of  con- 
verging towards  a  point,  are  made  to  diverge. 
Rays  already  divergent  are  rendered  more 
80,  and  conveigent  rays  are  made  less  con- 
vergent Hence  objects  seen  through  con- 
cave glasses  i^pear  considerably  smaller  and 
more  distant  than  they  really  are.  The 
follovnng  diagram,  fig.  12,  represents  the 
course  of  parallel  rays  through  a  double  con- 
cave lens,  where  the  parallel  rays  TA,DE, 
I B,  Ac,  when  passing  through  the  concave 
glass  A  B,  diverge  into  the  rays  G  Lf  E  C, 
H  P,  dx.,  as  if  they  proceeded  from  F,  a 
point  before  the  lens,  which  is  the  principal 
fiicus  of  the  lens : 


Fig.  12. 


\BimiUt 


12,)  represent  the  diameter  of  the  hole,  and 
g,  if  the  diameter  of  the  circle,  then  the  dis- 
tance C,  /,  is  the  virtual  focus  of  the  lens.* 

The  meniseuSf  represented  at  £,  fig.  5,  is 
like  the  crystal  of  a  common  watch,  and,  as 
the  convexity  is  the  same  as  the  concavity,  it 
neither  magnifies  nor  diminishes.  Sometimes, 
however,  it  is  made  in  the  form  of  a  crescent, 
as  at  F,  fig.  5,  and  is  called  a  concavo-convex 
lens;  and,  when  the  convexity  is  greater 
than  the  concavity,  or  when  it  is  thickest  in 
the  middle,  it  acts  nearly  in  the  same  way  as 
a  double  or  plano-convex  lens  of  the  same 
fix»l  distance. 

Of  the  lUABJts  formed  hy  Convex  Leasee. 

It  is  a  remarkable  drcumstance,  and  which 
would  naturally  excite  admiration,  were  it  not 
so  common  and  well  known,  that  when  the 
ray 9  ofUghi  from  any  object  are  refracted 
through  a  convex  lerUf  they  patnt  a  distinct 
and  accurate  picture  of  the  object  before  it, 
in  all  its  colours,  shades,  ana  proportions. 
Previous  to  experience,  we  could  nave  had  no 
conception  that  light,  when  passing  through 
such  substances,  and  converging  to  a  point, 
could  have  produced  so  admirable  an  efiect — 
an  effect  on  which  the  construction  and  utility 
of  all  our  optical  instruments  depend.  The 
following  figure  will  illustrate  this  position: 

Fig.  13. 


The  piindpal  fbcal  distance,  E  F,  is  the 
same  as  in  convex  lenses.  Concave  glasses 
ate  used  to  correct  the  imperfect  vision  of 
shorUsighted  persons.  As  the  form  of  the 
eye  of  such  persons  is  too  convex,  the  rays 
are  made  to  converge  before  they  reach  the 
optic  nerve ;  and  therefore  a  concave  glass, 
causing  a  little  divergency,  assists  this  defect 
of  vision,  by  diminishing  the  efiect  jiuduced 
fay  the  too  great  convexity  of  the  eye,  and 
lengthening  its  focus.  These  glasses  are  sel- 
dom used,  in  modem  times,  in  the  construo- 
tion  oi  optical  instruments,  except  as  eye- 
glasses for  small  pocket  perspectives,  and 
opera-glasses. 

To  find  the  focal  distance  of  a  concave 
glass.  Take  a  piece  of  pasteboard  or  card 
paper,  and  cut  a  round  hole  in  it,  not  larger 
than  the  diameter  of  the  lens ;  and  on  another 
piece  of  pasteboard  describe  a  circle  whose 
diameter  is  just  double  the  diameter  of  the 
hole.  Then  apply  the  piece  with  the  hole  in 
it  to  the  lens,  and  hold  them  in  the  sunbeams, 
with  the  other  piece  at  such  a  distance  behind 
that  the  light  proceeding  from  the  hole  may 
spread  oar  diverge  so  as  precisely  to  fill  the 
circle;  then  the  distance  of  the  circle  from 
the  lens  is  equal  to  its  virtual  ibcus,  or  to  its 
ndiua,  if  it  be  a  double  concave,  and  to  its 
diameter,  if  a  plano-concave.    Let  d,  e  (fig. 


Let  L  N  represent  a  double  convex  lens, 
A,  C,  a  its  axis,  and  O  B  an  object  perpen- 
dicular to  it.  A  ray  passing  from  the  ex- 
tremity of  the  object  at  0,  after  being  refracted 
by  the  lens  at  F,  will  pass  on  in  the  direction 
F  I,  and  form  an  image  of  that  part  of  the 
object  at  J.  This  ray  will  be  the  axis  of  all 
the  rays  which  fall  on  the  lens  from  the  point 
O,  and  /  will  be  the  focus  where  they  will  all 
be  collected.  In  like  manner,  B  C  Afia  the 
axis  of  that  parcel  of  rays  which  proceed  fix>m 

*  ThU  mode  of  findinf  the  focun  of  a  concave 
lens  may  be  varied  as  follows :  Lei  the  lens  be 
covered  with  paper,  having  two  small  circular 
holes  ;  and,  un  the  paper  for  receiving  the  liKht, 
describe  also  two  small  circles,  but  with  their 
centres  at  twice  the  distance  (torn  each  other  of 
the  centres  nf  the  circles.  Then  move  the  paper 
to  and  fVom,  till  the  middle  of  the  snn's  lii^ht, 
coming  through  the  holes,  flills  exactly  on  the 
middle  of  the  circles  ;  that  distance  of  the  paper 
from  the  leoa  will  be  the  focal  length  required.  •^ 
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the  extremity  of  the  object  B,  and  their  focofl  to  be  forty-eight  inches,  the  length  of  tiie  ob 

will  be  at  Jf ;  and  since  all  the  points  in  the  ject  OB—  nxteen  inches,  and  the  distance 

object  between  O  and  B  must  necessarily  of  the  image  from  the  lens  six  inches,  then 

have  their  foci  between  /  and  M  a  complete  the  length  of  the  image  will  be  found  by  the 

'  {Mcturo  of  the  points  from  which  they  come  following  proportion,  48:  16:  :  6:  2,  that 

will  be  depicted,  and  consequently  an  image  is,  the  length  of  the  image,  in  soch  a  case,  \i 

of  the  whole  object  O  B.  two  inches.    B.  If  the  obfeet  be  at  an  infinite 

It  is  ovious,  from  the  figure,  that  the  image  diataneet  the  image  will  be  formed  exaetiy 
of  the  object  is  formed  in  the  focus  of  the  lens  in  the  focus.  4.  If  the  oibject  be  at  the  same 
in  an  inverted  position*  It  must  necessarily  distance  from  the  tens  as  tts  focus,  the  image 
be  in  this  position,  as  the  rays  cross  at  C,  the  is  removed  to  an  infinite  distance  on  the  op- 
centre  of  the  lens ;  and  as  it  is  impossible  that  posits  side  /  in  other  words,  the  rays  will 
the  rays  from  the  upper  part  of  the  object,  O,  proceed  in  a  parallel  direction.  On  this 
can  be  carried  by  refraction  to  the  upper  end  principle,  lamps  on  the  streets  are  sometimes 
of  the  image  at  M.  This  is  a  universal  prin-  directed  to  throw  a  bright  light  along  a  footp 
dple  in  relation  to  convex  lenses  of  every  de-  path  where  it  is  wanted,  when  a  large  con- 
scription, and  recjuires  to  be  attended  to  in  vex  glass  is  placed  at  its  focal  distance  from 
the  construction  and  use  of  all  kinds  of  tele-  the  burner ;  and  on  the  same  principle,  light 
scopes  and  microscopes.  It  is  easily  illustrated  is  thrown  to  a  great  distance  from  fighthooses, 
by  experiment  Take  a  convex  lens  of  eight,  either  by  a  very  large  convex  lens  of  a  ^ort 
twelve,  or  fifteen  inches  fucal  distance,  such  focal  distance,  or  by  a  concave  reflector.  5.  If 
as  a  reading  glass,  or  the  glass  belonging  to  a  ^^  object  be  at  double  the  distance  of  tie 
pair  of  spectacles,  and  holding  it,  at  its  focal  focus  from  the  glass,  the  image  will  cuso  be 
distance  from  a  white  wall,  in  a  line  with  a^  at  double  the  distance  of  ^  focus  from  the 
burning  candle,  the  flame  of  the  candle  will  glass.  Thus,  if  a  lens  of  six  inches  focal  db- 
be  seen  depicted  on  the  wall  in  an  inverted  tance  be  held  at  twelve  inches'  distance  i?om 
position,  or  turned  upside  down.  The  same  a  candle,  the  image  of  the  candle  will  be 
experiment  may  be  performed  with  a  window-  formed  at  twelve  inches  from  the  glass  on  the 
sash,  or  any  other  bright  object  But  the  other  side.  6.  If  the  object  be  a  littk  fw' 
most  beautifril  exhibition  of  the  images  of  ob-  therfrom  the  lens  than  its  focal  distance,  an 
jects  formed  by  convex  lenses  is  made  by  image  will  be  formed  at  a  distaaee  Jnm 
darkening  a  room,  and  placing  a  convex  lens  the  object,  which  will  be  greater  or  smaller 
of  a  long  focal  distance  in  a  hole  cut  out  of  in  proportion  to  the  diHanee*  Forexam|de, 
the  window-flhutter ;  when  a  beautiful  in-  if  a  lens  five  inches  focus  be  held  at  a  IHtfe 
verted  landscape,  or  picture  of  all  the  objects  more  than  five  inches  from  a  candle,  and  a 
before  the  window,  will  be  painted  on  a  white  wall  or  screen  at  five  feet  six  inches  (fis- 
paper  or  screen  placed  in  the  focus  of  the  tant  receive  the  image,  a  laige  and  inverted 
glass.  The  image  thus  fi>rmed  exhibits  not  image  of  the  candle  will  be  depicted,  whidi 
only  the  proportions  and  colours,  but  also  the  will  be  magnified  in  proportion  as  the  de- 
motions of  all  the  objects  opposite  the  lens,  tance  of  the  wall  finom  the  candle  exceeds  the 
forming,  as  it  were,  a  Uving  landscape*  This  distance  of  the  lens  from  the  candle.  Sop- 
property  of  lenses  lays  the  foundation-  of  the  pose  the  distance  of  the  lens  to  be  fite  and  a 
camera  obscura,  an  instrument  to  be  after-  half  inches,  then  the  distance  of  the  wafl 
ward  described.  where   the  image  is  fiirraed,  being  twehe 

The  following  principles  in  relation  to  times  greater,  the  image  of  the  candle  will  he 
images  formed  by  convex  lenses  may  be  magnified  twelve  times.  If  M I  (fig.  13)  be 
stated :  1.  That  the  image  subtends  the  same  considered  «s  the  object,  then  O  B  will  itft^ 
angle  at  the  centre  of  the  glass  as  the  object  sent  the  magnified  image  on  the  wall  On 
itself  does.  Were  an  eye  placed  at  C,  the  this  principle,  the  image  of  the  object  is  form- 
centre  of  the  lens  L  N,  fig.  13,  it  would  see  ed  by  the  small  object  glass  of  a  compoand 
the  object  0  B  and  the  image  /  M  under  the  mieroscope.  On  the  same  principle,  the  large 
same  optical  angle,  or,  in  other  words,  they  pictures  are  formed  by  the  Magic  Lantern 
would  appear  equally  large ;  for,  whenever  and  the  Phantasmagoria ;  and  in  the  same 
right  lines  intersect  each  other,  as  0  /  and  B  way  small  objects  are  represented  in  a  ma|^ 
M,  the  opposite  angles  a/b  always  equal,  that  nified  form  on  a  sheet  or  wall  by  the  Solar 
is,  the  angle  itf  C  /  is  equal  to  the  angle  0  microscope*  7.  All  convex  lenses  magnify 
C  B.  2.  TTie  length  of  the  image  formed  the  objects  seen  through  them,  in  a  greater 
by  a  convex  lens  ts,  to  the  length  of  the  ob-  or  less  degree.  The  shcnrter  the  focal  dirtancs 
jeet,  as  the  distance  of  the  image  is  to  the  of  the  lens,  the  greater  is  the  magnifying 
aisiance  of  the  object  from  the  lens ;  that  is,  power.  A  lens  four  inches  focal  distoce 
MI  is  to  0  B:  :  aaC  sio  C  A.  Suppose  will  magnify  objects  placed  in  the  focus  two 
the  diitance  of  the  object  C  A  from  the  lens  times  in  length  and  breadth ;  a  lens  two 
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inches  focus  will  magnify  four  Uines ;  a  lens  formed  in  these  instruments  that  such  distant 

one  inch  locus  eight  times;  a  lens  half  an  inch  objects  are  brought  to  view.     Without  this 

focus   sixteen  times,  dec,  supposing    eig^t  property  of  light,  therefore,  we  should  have 

inches  16  be  the  least  distance  at  which  we  had   no  telescopes,  and,  consequently,  we 

see  near  objects  distinctly.    In  viewing  ob-  oould  not  have  surveyed,  as  we  can  now  do, 

jects  with  small  lenses,  the  object  to  be  mag>  the  hills  and  vales,  the  deep  caverns,  the  st- 

nified  should  be  placed  exactly  at  the  focal  tensive  plains,  the  circular  ranges  of  moim- 

distance  of  the  lens,  and  the  eye  at  about  the  tains,  and  many  other  novel  scenes  which 

same  distance  on  die  other  side  of  the  lens,  diversify  the  surfece  of  our  moon.   We  should 

When  we  speak  of  magnifying  power,  as,  for  have  known  nothing  of  the  stupendous  spots 

example,  that  a  lens  one  inch  focal  distance  which  appear  on  the  surfiice  of  the  sun—of 

magnifi^  objects  eight  times,  it  is  to  be  un-  the  phases  of  Venus— of  the  satellites  and 

derstood  of  the  lineal  dimensions  of  the  ob-  belts  of  Jupiter — of  the  majestic  rings  of 

ject.     But  as  every  object  at  which  we  look  Saturn — of  the  existence  of  Uranus  and  his 

has  breadth  as  well  as  length,  the  surfaee  of  six  moons,  or  of  the  planets  Vesta,  Juno, 

the  object  is  in  ceality  magnified  sixty-four  Geres,  and  Pallas,  nor  could  the  exact  bulks 

times,  or  the  square  of  its  lineal  dimensions;  *of  any  of  these  bodies  have  been  accurately 

and  for  the  same  reason  a  lens  half  an  inch  determined.    But,  above  all,  we  should  have 

focal  distance  magnifies  the  aurfacea  of  oU  been  entirely  ignorant  of  the  wonderful  pheno- 

jects  256  times.  mena  of  double   stars — which  demonstrate 

---,.        ,,      J-        .,             ,.  that  suns  revolve  around  suns— of  the  thou- 

ReJUttums  deduced  fr<m  the  preceding  ^j,  ^ ^  ^^^^  ^^  ^^^  ^hich  crowd  the 

^^J^^-  profundities  of  the  Milky  Way  and  other 
Such  are  some  of  the  leading  principles  regions  of  the  heavens— of  the  thousands  of 
which  require  to  be  recognized  in  the  con-  nebula  or  starry  systems  which  are  dispersed 
stTUCtion  of  refracting  telescopes,  microscopes,  throughout  the  immensity  of  the  firmament, 
and  other  dioptric  instruments  whose  perform-  and  many  other  objects  of  sublimity  and 
anee  chiefly  depends  on  the  refraction  of  grandeur,  which  fill  the  ^ntemplative  mind 
light.  It  is  worthy  of  particular  notice,  thtft  with  admiration  and  awe,  and  raise  its  facul- 
all  the  phenomena  of  optical  lenses  now  de-  ties  to  higher  conceptions  than  it  could  other- 
scribed  depend  upon  that  peculiar  property  wise  have  formed  of  the  omnipotence  and 
which  the  Creator  has  impressed  upon  the  grandeur  of  the  Almighty  Creator, 
rays  of  light,  that,  when  they  are  refracted  Without  this  property  of  the  rays  of  light, 
to  a  focus  by  a  convex  transparent  suoetanee,  we  should,  likewise,  have  wanted  the  use  of 
they  depict  an  accurate  image  of  the  objeett  the  microscope,  an  instrument  which  has  dis- 
whenee  they  proceed.  This,  however,  com-  closed  a  world  invisible  to  common  eyes,  and 
mon,  and  however  much  overlooked  by  the  has  opened  to  our  view  the  most  astonishing 
bulk  of  mankind,  is,  indeed,  a  very  wonderful  exhibitions  of  Divine  mechanism,  and  of  the 
property  with  which  hght  has  been  endued,  wisdom  and  intelligence  of  the  Eternal  Mind. 
Previous  to  experience,  we  could  have  had  We  should  have  been  ignorant  of  those  tribes 
no  conception  that  sudi  an  effect  would  be  of  living  beings,  invisible  to  the  unassisted 
produced ;  and,  in  the  first  instance,  we  could  eye,  which  are  found  in  water,  vinegar,  and 
not  possibly  have  traced  it  to  all  its  conse-  many  other  fluids,  many  of  which  are  twenty 
quences.  All  the  objects  in  creation  might  thousand  times  smaller  than  the  least  visible 
have  been  illuminated  as  they  now  are,  for  point,  and  yet  display  the  same  admirable 
aught  we  know,  without  sending  forth  either  skill  and  contrivance  in  their  construction  as 
direct  or  reflected  rays  with  the  property  of  are  manifested  in  the  formation  of  the  larger 
forming  exact  representations  of  the  objects  animals.  We  should  never  have  beheld  the 
whence  they  proceed.  But  this  we  find  to  purple  tide  of  life,  and  even  the  globulcrof 
be  a  univerail  law  in  regard  to  light  of  every  the  blood  rolling  with  swiftness  through  veins 
description,  whether  as  emanating  directly  and  arteries  smaller  than  the  finest  hair ;  or 
from  the  sun,  or  as  reflected  from  the  objects  had  the  least  conception  that  numberless 
he  illuminates,  or  as  proceeding  from  bodies  species  of  animated  beings,  so  minute  that  a 
artificially  enlightened.  It  is  a  law  or  a  pro-  million  of  them  are  less  than  a  grain  of  sand, 
perty  of  light  not  only  in  our  own  system,  could  have  been  rendered  visible  to  human 
but  throughout  all  the  sjrstems  of  the  universe  eyes,  or  that  such  a  number  of  vessels,  fluids, 
to  which  mortal  eyes  have  yet  penetrated,  movements,  diversified  organs  of  sensation, 
The  rays  firom  the  most  distant  star  which  and  such  a  profiision  of  the  richest  ornaments 
astronomers  have  described  are  endued  with  and  the  gayest  colours  could  have  been  con- 
this  property,  otherwise  they  could  never  have  oentrated  in  a  single  point  We  should 
been  perceived  by  means  of  our  optical  in-  never  have  conceived  that  even  the  atmo- 
atmments;  for  it  is  by  the  pictures  ^or  images  sphere  is  replenished  with  invisible  animation 
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tfiat  the  H^aton  abound  with  ooontless  myriadt  dace  from  the  agency  of  a  aingle  ptineiple  ta 
of  aenntive  exiatenoey  that  the  whole  earth  ia  nature.    By  means  ^optical  inatmnieDta,  wf 
jfull  of  life,  and  that  there  ia  Bcaroely  a  tree,  are  now  enabled  to  take  a  more  minote  aad 
plant,  or  flower  but  affords  food  and  shelter  expansiTe  view  of  the  •wnwipg  operations  of 
to  a  species  of  inhabitants  peculiar  to  itael^  nature,  both  in  heaven  and  on  earth,  than 
which  enjoy  the  pleasures  of  ezistenoe  and  former   generationa   could    have    surmised, 
share  in  the  bounty  of  the  Creator.    We  These  views  tend  to  raiie  our  conceptioM  of 
could   have  formed  no  conception  of  the  the  attributes  of  that  Almighty  Being  wbo 
beauties  and  the  varieties  of  mechanism  which  presides  over  all  the  arrangemenu  of  the 
are  displayed  in  the  soeneiy  of  that  invisible  material  system,  and  to  preeent  them  to  oor 
world  to  which  the  microscope  introduces  us  contemplation  in  a  new,  a  more  elevated,  and 
— beauties  and  varieties,  in  point  of  ornament  expansive  point  of  view.    There  ia,  therefora, 
and  delicate  contrivance,  which  even  surpass  a  connexion  which  may  be  traced  between 
what  is  beheld  in  the  visible  operations  and  the  apparently  accidental  principle  of  the  nji 
aqiect  of  nature  around  us.     We  find  joints,  of  light  forming  images  of  objects  and  the 
muscles,  a    heart,  stomach,  entrails,  veins,  comprehensive  views  we  ar%  now  enabled  to 
arteries,  a  variety  of  motions,  a  diversity  of  take  of  the  character  and  perfections  of  the 
ftrms,  and  a  multiplicity  of  parts  and  funo-  Divinity.    Without  the  existence  of  the  law 
iion*  in  breathing  atoms.    We  behold  in  a  or  principle  alluded  to,  we  could  not,  in  the 
•mall  fibre  of  a  peacock's  feather,  not  more  present  state,  have  formed  precisely  the  suae 
than  one-eighth  of  an  inch  in  length,  a  pro-  conceptions  either  of  the  Omnipotence,  or  of 
ibaion  of  beauties  no  less  admirable  than  is  the  wisdom  and  intelligence  of  the  Almighty, 
presented  by  the  whole  feather  to  the  naked  Had  no  microscope  ever  been  invented,  the 
eye,  a  stem  sending  out  multitudes  of  lateral  idea  never  could  have  entered  into  the  mind 
branches,  each  of  which  ennta  numbers  of  of  man  that  worlds  of  hving  beings  exist  he 
little  sprigs,  which  consist  of  a  multitude  of  yond  the  range  of  natural  visian,  that  organ- 
bright  shining  globular  parts,  adorned  with  a  ized  beings,  possessed  of  animation,  exiit, 
rich  variety  of  colours.    In  the  sections  of  whoee  whole  bulk  is  less  than  the  ten  hundred 
plants,  we  see  thousands  and  ten  thousands  thousandth  part  of  the  amallest  grain  of  saod; 
of  tubes  and  pores,  and  other  vessels  for  the  that,  descending  from  a  visible  point  to  thon- 
conveyanoe  of  air  and  juices  for  the  sustenance  sands  of  degrees  beyond  it,  an  in  visible  worid 
of  the  plant ;  in  some  instances,  more  than  ten  exists,  peopled  with  tribes  of  every  form  tod 
hundreid  thousand  of  these  being  compressed  size,  the  extent  of  which,  and  how  far  it  verges 
within  the  space  ofaquarter  of  an  inch  in  diam-  towards    infinity  downward,   mortals  have 
eter,  and  presenting  to  the  eye  the  most  beauti-  never  yet  explored,  and  perhaps  will  never 
fill  configurations.    There  is  not  a  weed,  nor  be  able  to  comprehend.    This  cizcumstaoee 
a  moss,  nor  the  most  insignificant  vegetable,  alone  presents  before  us  the  perfections  of  the 
which  does  not  show  a  multiplicity  of  vessels  Divinity  in  a  new  aspect,  and  plainly  inti* 
disposed  in  the  most  curious  manner  for  the  mates  that  it  is  the  will  and  the  intention  of 
diculation  of  sap  for  its  nourishment,  and  the  Deity  that  we  should  explore  his  wuik% 
which  is  not  adorned  with  innumerable  graces  and  investigate  the  laws  by  which  the  mate- 
for  its  embellishment.     All  these  and  ten  rial  worid  is  regulated,  that  we  may  aoqure 
thousands  of  other  wondere  which  lie  beyond  more  expansive  views  of  his  character  and 
the  limits  of  natural  vision,  in  this  new  and  operations.    The  inventions  of  man,  in  leb* 
unexplored  region  of  the  universe,  would  tion  to  art  and  science,  are  not,  therefore-,  to 
have  been  for  ever  concealed  fix>m  our  view,  be  considered  as  mere  accidental  occurrences, 
had  not  the  Creator  endued  the  rays  of  light  but  as  special  arrangements  in  the  Dirins 
with  the  power  of  depicting  the  images  of  government,  for  the  purpose  of  carnring  ibr> 
objects,  when  refi«cted  by  convex  transparent  ward   the  human  mind   to  more  clear  and 
substances.  ample  views  of  the  scenes  of  the  univeEi^ 
In  this  instance,  as  well  as  in  many  others,  and  of  the  attributes  and  the  agency  of  Him 
we  behold  a  specimen  of  the  admirable  and  "  who  is  wonderful  in  counael  and  exoelient 
diversified  effects  which  the  Creator  can  pro-  in  working.'' 


«  *  •  •  » 


CHAPTER  IV. 

On  the  Beflection  of  Light. 

TvLitrefleetion  c^the  rays  of  light  is  that  pro-  of  bodies,  they  are  thrown  back,  or  lepeOed. 
party  by  whidi,  after  approaching  the  surfaces  It  is  in  consequence  of  this  property  that  afl 
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tile  objects  aTound  as,  and  all  the  diveniBed 
landscapes  on  our  globe'  are  rendered  visible. 
It  is  by  light  reflected  from  their  surfaces  that 
we  perceive  the  planetary  bodies  and  their 
satellites,  the  belts  of  Jupiter,  the  rings  of  Sa« 
tom,  the  various  objects  which  diversify  the 
sorfiice  of  the  Moon,  and  all  the  bodies  in  the 
universe  which  have  no  light  of  their  own. 
When  the  rays  of  light  fall  upon  rough  and 
uneven  surfaces,  they  are  reflected  veiy  irregu- 
larly, and  scattered  in  all  directions,  in  con- 
sequence of  which  thousands  of  eyes,  at  the 
same  time,  may  perceive  the  same  objects,  in 
aU  their  peculiar  colours,  aspects  and  relations. 
But  when  they  (all  upon  certain  smooth  and 
polished  surface^  they  are  reflected  with  re- 
gularity, and  according  to  certain  laws.  Such 
sur&ces,  when  highly  polished,  are  called 
Mirron  or  Speculunu  /  and  it  is  to  the  re- 
flection of  light  from  such  surfaces,  and  the 
cfibcts  it  produces,  that  I  am  now  to  direct 
the  attention  of  the  reader. 

Mirrors,  or  ^cnla,  may  be  distinguished 
into  three  kinds,  ^/bne,  ecncave,  and  amvex, 
according  as  they  are  bounded  by  plane  or 
^herical  surfaces.  These  are  made  either 
of  metal  or  of  glass,  and  have  their  surfik^s 
highly  polished  for  the  purpose  of  reflecting 
the  greatest  number  of  rays.  Those  made 
of  glass  are  foliated  or  quicksilvered  on  one 
aide ;  and  the  metallic  specula  are'  generally 
formed  of  a  composition  of  difrerent  metaUic 
•nbstandes,  which,  when  accurately  polished, 
is  found  to  reflect  the  greatest  quantity  of 
light,  I  shalU  in  the  first  pbice,  illustrate  the 
phenomena  of  reflection  produced  by  plane 
fnuTors* 

When  light  impinges,  or  fidls,  upon  a  po- 
lished flat  suT&oe,  rather  more  than  the  half 
of  it  is  reflected,  or  thrown  back  in  a  direction 
similar  to  that  of  its  approach ;  that  is  to  say, 
if  it  Mi  perpendicularly  on  the  polished  sur- 
foce,  it  will  be  perpendicularly  reflected ;  but 
if  it  fall  obliquelyt  it  will  be  reflected  with  the 
same  obliquity.  Hence,  the  following  iunda- 
mental  law  regarding  tiie  reflection  of  light 
has  been  deduced  both  from  experiment  and 
mathematical  demonstration,  namely,  that  the 
angle  of  reflection  is,  in  all  eases,  exactly 
equal  to  the  angle  of  incidence.  This  is  a 
law  which  is  universal  in  all  cases  of  reflec- 
tion, whether  it  be  from  plane  or  spherical 
surfkces,  or  whether  these  surfaces  be  concave 
or  convex,  ailfl  which  requires  to  be  recog- 
nized in  the  construction  of  all  instruments 
vrhich  depend  on  the  reflection  of  the  rays  of 
light  The  following  figure  (fig.  14)  will  it 
hasCrate  the  position  now  stated : 

Let  A  B  represent  a  plane  mirror,  and  C 
D  a  line  or  ray  of  light  perpendicular  to  it 
Liet  F  D  represent  the  incident  ray  from  any 
olject,  then  i>  £  win  be  the  reflected  ray, 


thrown  bade  in  the  directicn  flrom  D  to  £» 
and  it  will  make,  with  the  perpendicular  C 


D,  the  same  angle  which  the  incident  ray  P 
D  did  vrith  the  same  perpendicular ;  that  is, 
the  angle  F  D  C  will  be  equal  to  the  angle 
£  D  C,  in  all  eases  of  obliquity.  The  inci- 
dent ray  of  light  may  be  considered  as  re- 
bounding from  the  mirror,  like  a  tennis  ball 
from  ^  marble  pavement,  or  the  waP  of  a 
court 

In  viewing  objects  by  reflection,  we  see 
them  hx  a  different  direction  from  that  in 
which  they  really  are,  namely,  along  the  line 
in  which  the  rays  come  to  us  last  Thus,  if 
A  B  (fig.  15)  represent  a  plane  ndrror,  the 
image  of  an  object,  C,  appears  to  the  eye  at 

E,  behind  the  mirror,  in  the  direction  E  G, 
axid  always  in  the  intersection  G  of  the  per- 

Fig.  16. 


pendicular  C  G,  and  the  reflected  nj  B  G\ 
and,  consequently,  at  G  as  far  behind  the  mir- 
ror as  the  object  C  is  before  it  We  there- 
fore see  the  image  in  the  line  E  G,  the  direc- 
tion in  which  the  reflected  rays  proceed.  A 
plane  mirror  does  not  alter  the  figure  or  size 
of  objects ;  but  the  whole  image  is  equal  and 
similar  to  the  whole  object,  and  has  a  like 
situation  with  respect  to  one  side  of  the  planCt 
that  the  object  has  with  respect  to  the  other. 

Mr.  Walker  illustrates  the  manner  in  which 
we  see  our  &ces  in  a  mirror  by  the  following 
figure  (16)  A  B  represents  a  mirror,  and  o  c 
a  person  looking  jnto  it  If  we  conceive  a 
ray  proceeding  from  the  forehead  c  x,  it  will 
be  sent  to  the  eye  at  o,  agreeably  to  the  an- 
gle of  incidence  and  refleotioB.  But  the  mind 
puts  c  s  o  ii^to  one  line,  and  the  forehead  vs 
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ttea  at  B,  u  if  the  linw  ceo  had  tiuned  on    tor,  at  ■  ;  these  will  be  feOetted  at  in  «qDii 

»  hinge  at  I.    It  nema  a  wandeiM  bcult;  of    angle  to  the  ejc  in  the  directian  >  i,  u  if 

A^  had  proceeded  in  the  direction  D  a  A, 

Fig.  ML  10  thai  the  man  wilt  aee  hia  foot  at  D,  ind, 

conaequently,  hia  whole  figure  at  B  D. 

A  penon,  nhcn  looking  into  a  mirroT,  wiH 
alwajB  aee  his  own  image  aa  bi  beyond  du 
miim  aa  he  is  before  it ;  and  ai  he  moru  d) 
or  from  it,  the  image  will,  at  the  aanw  time, 
more  tonarda  or  from  him  on  the  other  nit, 
but  apparently  witb  a  double  veiodty.  beoua 
the  two  motiona  arc  equal  and  contnuy.  In 
like  manner,  if,  while  the  spectator  ii  at  R<, 
an  object  be  in  motion,  ita  imagu  behind  tbe 

And  if  the  npectator  moves,  the  imageaDTLib- 
jecta  that  are  el  reat  will  appear  to  appnacli 
or  recede  from  him,  after  the  aame  nunneru 
when  he  morea  towarda  real  otijecta ;  pbnt 
mirroia  reflecting  not  only  tlie  object,  but  tbi 

,    ,  ,  distance  alao,  and  that  eiactly  in  ita  natnnl 

the  mutd  to  pot  the  two  oblique  linea  c  i  and  jimenriona.  The  following  principle  ia  tcffi- 
o  E  mto  one  atraigbt  line  o  h,  jet  it  ja  aeen  ^ient  for  e.plajning  moat  of  the  phenomfM 
CTerj  Ume  we  look  at  ■  nurror.  For  the  lay  ^^^  ^  ,  „i^^  ^j^or,  namely:  Ttal  til 
haa  reallj;  travelled  from  c  to  «  .nj  fi^m  i  to  i^agt  of  an  objccl  «™  in  a  plant  tmrT«  ii 
o,  and  It  i«  that  journey  which  determu.™  the  abmy>  in  a  perprndiailar  to  ih  mirror 
diatanoe  of  the  olgect ;  uid  hence  we  aee  our-  -^J  the  oStct  and  tht  image,  mrf  MaJ 
eelve.  a.  fu  beyMuJ  tne  mirror  a.  we  atand  j,^  ,-„^  ,-,  ^  „„^  moru^ilu  mimr 
from  It  Though  a  ray  .a  here  taken  only  ^  the  2jeet  U  m  the  other. 
from  one  part  of  the  &ce,  il  may  be  eaady     „   „      .       ,      „  ,  „  „. 

conceived  that  raya  from  every  other  part  of    ■K^^rf'™  *y  Caneex  attd  ConcoM  Mrron. 
the  face  muat  produce  a  simijar  elTecL  Both  convex  and  concave  mirroraarefemi- 

In  every  plane  minor  the  image  ia  always  ed  of  portions  of  a  sphere.  A  coovci  <p«ni- 
equal  to  the  object,  at  wbat  dirtance  soever  it  lum  is  gronnd  and  polished  in  a  conraw  dii 
may  be  placed ;  and,  aa  the  mirror  ia  only  at  or  tool  which  is  a  portion  of  a  aphere,  ami  a 
half  the  distance  of  tbe  image  from  the  eye,  concave  speculum  i>  g""!"^  "pon  »  conio 
it  will  completely  receive  an  image  of  twice  tool.  The  inner  sniftce  of  a  sphere  brinp 
ita  own  length.  Hence,  a  man  aii  feet  high  parallel  raya  to  a  focua  at  one-foarlh  of  iis 
may  view  hmuelf  completely  in  a  looking-  diameter,  ai  represented  in  the  foUowinK 
glau  of  three  feel  in  length  and  half  bis  own  figure,  vHxie  C  is  the  centre  of  the  iphen 
breadth ;  and  thia  will  be  the  caae  at  whatever 

distance  be  may  stand  from  the  glaaa.   Thus,  Fig  IS 

the  uaa  A  C  (Gg.  17}  will  aee  the  whole  of 

Fig.  17. 


P^ 


his  own  image  in'ihe  glaaa  jt  b,  which  ia  but 

one  half  aa  large  aa  himaelf.     The  raya  from 

the  head  pass  to  die  mirror  in  the  line  A  i, 

perpendicular  to  the  mirror,  end  are  returned 

to  the  eye  in  the  same  line ;  conscquentlj, 

having  travelled  twice  the  length  ^  a,  the   on  which  the  concave  q 

man  muat  aee  his  head  at  B.     From  his  fbet,    ed,  and  F  the  focua  where  paiaDel  ri 

C,  roys  will  be  mit  to  the  bottom  of  the  mir-   a  distant  criiject  would  be  tmilad  iftei 
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Cion,  that  is,  at  one-half  the  radiuSi  or  one-  tion  as  the  object  is  further  from  the  mirror; 

£iarth  of  the  diameter  from  the  surface  of  the  but  if  the  object  touch  the  mirror,  the  image 

speculum.    Were  a  speculum  of  this  kind  at  the  point  of  contact  is  of  the  same  size  as 

presented  to  the  sun,  F  would  be  the  point  the  object    d.  The  image  does  not  appear  so 

where  the  reflected  rays  would  be  conyerged  far  behind  the  reflecting  sur&ce  as  in  a  plane 

to  a  focus,  and  set  fire  to  combustible  sub-  miiror.    4.  The  image  of  a  straight  object, 

8taiu:e8  if  the  fmeculum  be  of  a  large  diameter,  placed  either  parallel  or  oblique  to  the  mirror, 

and  of  a  short  focal  distance.    Were  a  candle  is  seen  curved  in  the  mirror,  because  the  dif- 

placed  in  that  focus,  its  light  would  be  re-  ferent  points  of  the  object  are  not  all  at  an 

fleeted  parallel,  as  represented  in  the  figure,  equal  distance  from  the  surface  of  the  mirror. 

The«e  are  properties  of  concave  specula  which  5.  Concave  mirron  have  a  real  focus  where 

require  to  be  particularly  attended  to  in  the  an  image  is  actually  formed ;   but  convex 

construction  of  reflecting  telescopes.    It  ibl-  specula  have  only  a  viriuai  focus,  and  this 

lows,  from  what  has  been  now  stated,  that,  if  focus  is  behind  the  mirror,  no  image  of  any 

we  intend  to  form  a  speculum  of  a  certain  object  being  formed  before  it. 

ibcal  distance,  for  example,  two  feet,  it  is  ne-  The  following  are  some  of  the  purposes  to 

cessary  that  it  should  be  ground  upon  a  tool  which  convex  murors  are  applied ;  They  are 

iohose  radius  is  double  that  distance,  or  four  frequently  employed  by  painters  for  reducing 

feet.  the  proportions  of  the  objects  they  wish  to 

n        ^'      ^  r*           1^  represent,  as  the  images  of  objects  diminish 

Properties  of  Convex  Mirrors.  in  proportion  to  the  smallness  of  the  radius 

From  a  convex  surfece,  parallel  rays,  when  ^^  convexity,  and  to  the  distances  of  objects 

reflected,  are  made  to  diverge:  convergent  from  the  surface  of  the  mirror.    They  form  a 

rays  are  reflected  less  convergent ;  and  di-  fiwhionable  part  of  modem  furniture,  as  they 

vergent  rays  are  rendered  more  divergent  It  «hibit  a  large  company  assembled  in  a  room, 

is  the  nature  of  all  convex  mirrors  and  sur-  ^^  ^^  ^o  furniture  it  contains,  in  a  very 

feces  to  scatter  or  disperse  the  rays  of  light,  small  compass,  so  that  a  Urge  hall,  with  all 

and  in  every  instance  to  impede  their  con-  '**  objects,  and  even  an  extensive  landscape, 

Tergence.    The  following  figure  shows  the  ^^8  reduced  in  size,  may  be  seen  from  one 

course  of  parallel  rays  as  reflected  from  a  con-  P*^™*  °^  "new.    They  are  hkewise  used  as 

▼ex  mirror.    ^  E  5  is  the  convex  surface  of  *^«  "»**'  specula  of  those  reflecting  telescopes 

the  mirror,  and  K  A,  I E,  L  B  parallel  rays  ^^ch  are  fitted  up  on  the  Casse^ainian 

felling  upon  it  These  rays,  when  they  strike  V^^^  ^^  '^  *^«  construction  of  Smith's  Re- 

the  mirror,  are  made  to  diverge  in  the  direo-  fleeting  Microscope.    But,  on  the  whole,  they 

tion  A  G,BH,  &c,  and  both  the  parallel  are  very  litUe  used  in  the  construction  of 

and  divergent  rays  are  here  represented  as  optical  instruments. 

they  appear  in  a  dark  chamber  when  a  con-  Properties  of  Concave  Speculums. 

vex  mirror  is  presented  to  the  solar  rays.  The        _,  ,    ,  . 

aotted  lines  denote  only  the  course  or  ten-  ^  Conwve  specula  have  properties  very  drf. 
iency  of  the  reflected  rays  towards  the  inr/ua/  ^^^\  from  those  which  are  convex;  they 
focas  F,  were  they  not  intercepted  by  the  ""^  of  more  importance  m  the  construction  of 
mirror.  This  virtual  focus  is  just  equal  to  reflecting  telescopes  and  other  optical  instru- 
half  the  radius  C  E,  j         ^  ments,  and  therefore  require  more  minute 

description  and  illustration.    Concave  mirrors 
Fig.  19*  cause  parallel  rays  to  converge ;  they  increase 

the  convergence  of  rays  that  are  already  con- 
verging; they  diminish  the  divergence  of  di- 
verging rays,  and  in  some  cases  render  them 
.PARRALLELiuys  parallel,  and  even  conveigent;  which  eiSRscts 

~  ara  all  in  proportion  to  the  concavity  of  the 
muTor.  The  following  figures  show  the 
course  of  diverging  and  parallel  rays  as  re- 
flected from  concave  mirrors. 

Fig.  20  represents  the  course  of  parallel 
rays,  and  il  B  the  concave  mirror  on  which 
they  fall.  In  this  case,  they  are  reflected  so 
as  to  unite  at  F,  which  point  is  distant  from 
The  following  are  some  of  the  properties  of  ita  surfiice  one-fourth  of  the  diameter  of  the 
mirrors:  1.  Tho  image  appears  al-  sphere  of  the  mirror.  This  point  is  called 
treys  efbct,  and  behind  the  reflecting  surfece.  the  focus  d  parallel  rays,  or  the  true  focus  of 
%m  The  ima^  is  tUwai/s  smaller  t/um  t/ic  olh  the  mirror  $  and,  since  the  sunbeams  are 
jtet,  aiid  the  diminution  \a  greater  in  proper-   parallel  among  themselves,  if  they  are  re- 
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Wien  eontergtng  rajB  M  Qpcm  1 1 
-    mino7,  they  kra  reflected  more  cmi" 

MnA  unite  at  a  poiiit  brt^reen  th«  focut  of 
piTallet  nja  odiI  ths  mitror;  tlul  u,  nnnt 
ttie  mirror  tbsa  onerhatf  tharailiiD;  uxl  Ifaar 
ppeciae  degwo  of  conYergency  will  be  gi-ater 
ILbr  that  wherein  tliej  conTergol  bdia*  !•■ 

Of  tht  hnaga  farmed  by  Coneatx  Som*. 

If  raji  proceeding  from  B  ili«taDt  obJKl 

M\  upon  a  cODcaVB  ipecnhim,  the;  vill  piiiil 

an  image  or  representation  ei  Hie  objeel  on 

iU  tixnii  btfart  the  mirror.     Thii  image  init 

be  inTerteif,  becaaae  the  nya  aoa  at   Iba 

pointa  where  the  image  if  formed.     We  ban 

■Ireailj  aeea  that  a  convei  gtue  bciM  id 

>  Ihe  qoanti^  of  njf  nrileeted  I?   image  of  an  object  ieAwui  it;  the  raja  ofligW 

V.    Fig  81  abowf  the  direction  of   ftom  objects  pau  Ihnuek  the  glaa^  and  the 

g  nyt,  or  Ihoae  which  procoed  from    pictora  in  fbrnied  on  iEb  aide  forthtat  froa 

Dject.     Theee  r^a  proceeding  from    theobjecL    But  inconeavB  mirrora  theim^M 

t  further  from  the  mirror  than  fl»e   of  distant  object*— and  of  all  objocta  that »™ 

further   ftata  ita  luriacs  than  i«  pniici{Kl 

focuH — are   fbmnd  bffort  the  imiTVj  «  ofi 

the  asme  aide  as  the  object.     In  almoat  era; 

other  reapect,  boweTer,  the  eflact  at  a  ecmaia 

mirror  ig  the  aame  ai  that  oT  a  conrii  Ina, 

in  regard  to  the  fbim^oil  of  usages,  and  Iba 

course  pnrmed  b;  the  laja  of  b^il,  eic^ 

that  the  effect  ia  produced  in  the  one  aae  bj 

ttftactioD,  and   in  the  other   by  refiectito. 

Tlie  fallowing  figure  repioaeala  the  manui 


rig.  Si 


trae  focal  point,  •■  frani  £>  to  ^  -md  to  B, 
are  reflected  converging,  and  meet  at  a  point 
F,  further  from  the  mirror  than  the  fbcal 
point  of  parallel  raya.  If  tlut  diatance  of  the 
ladiant,  or  object  D,  be  equal  to  the  ra^na 
C  E,  then  will  the  focal  distance  be  Ukewise 
G([nai  to  the  radiuB  ;  that  is,  if  an  object  be 
placed  in  (he  centre  of  a  concsTe  epeculum, 
the  image  will  be  reflected  upau  the  otject, 
or  tbey  will  seem  to  meet  and  embrace  each 
other  in  the  centre.  If  the  distance  of  the 
radiant  be  equal  to  half  the  nidtua,  its  image 
will  be  reflected  to  an  infinite  distance,  for 
the  nya  will  then  be  paiaUeL  li,  therdbre, 
a  luminous  body  be  placed  at  half  the  radius 
ftom  a  concave  speculum,  it  wiH   enlighten 

E laces  directly  bi^ie  it  at  great  distances, 
lence  their  oae  when  placed  behind  a  candle 
in  a  common  lantern  ;  hence  their  utility  in 
throwing  light  upon  objects  in  the  Magic 
Lantern  and  Phantasmagoria;  and  hence  the 
Ta»t  importance  of  very  large  mirron  of  this 
description,  as  now  used  in  most  of  our  light- 
houses, for  throwing  a  brilliant  light  to  great 
dislanccB  at  sea,  to  guide  the  mariner  when 
directing  hia  courae  under  the  dood  of  night. 
(7SS) 


in  which  imagei  are  (bnned  by  ccnnn 
tnirroia ;  G  F  repreaents  the  reflecting  snriiue 
oftbemiiror;  O  .^  S,  the  abject ;  and  f  i  J( 
the  image  fbmted  by  the  mirrur.  llje  rati 
proceeding  from  0  will  be  carried  to  tlut  mirrai 
in  the  direction  O  G,  and,  acomiuig  to  ths 
lew  that  the  angle  of  incidence  isrqual  to  the 
angle  of  reflection,  will  be  reflected  (o  /  in 
the  direction  G  L  In  like  manner,  the  nj» 
from  B  will  be  reflected  from  F  U)  *,  ths 
raya  from  A  wilt  bo  reflected  to  i,  and  so  it 
all  the  intermediate  rays,  so  tint  an  inverted 
Image  of  the  object  O  B  will  be  Ibnned  at  / 
if.    If  the  raya  proceeded  from  objtcta  ata 


focus,  a.t  tt  A,*  Iirge  image  I  M  will  be 
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nr;  great  dutonee,  the  image  vroaldlK  formed  placed  betweoB  Uie  miirot  and  the  fbCD*  of 
in  the  real  focau  of  the  airroi,  or  at  one-  parallel  rajs,  and  then  the  image  ii  laiger 
(oarth  the  diamelci  of  tbe  ipliere  from  its  tbaa  the  object  Id  tg.  £9,  G  f  ie  a  concaTa 
nirfoce ;  but  nearer  objcct«,  which  lead  forth  mirror,  whose  focus  of  parallel  rays  is  at  B. 
diverging  rajs,  will  have  Iheii  images  fomied  If  an  otgeet  0  £  be  placed  a  Utile  within  thia 
a  little  fiirtt)er  from  the  aurlace  of  the  mirror. 

If  we  suppose  a  real  object  placed  at  J  Jf,  Fig.  S3, 

then  0  B  will  represent  its  nugniGed  image, 
wlucb  will  be  larger  than  the  abject  in  pro- 
portion  Co  ill  distance  froiD  the  mirror.  This 
may  lie  eiperimentnUy  illustrated  b;  a  con- 
cave mirror  and  a  cantUe.  Suppose  a  concaTe 
mirror  wboae  local  distance  ia  five  inchM, 
aod  that  a  candle  ia  placed  befsre  it  at  a  little 
beyond  its  focos  (as  at  /  M.,)  suppose  at  fire 
and  a  half  inclkes,  and  that  a  wall  or  white 
screen  teeeiiei  the  image,  at  the  distance  of 
fire  feet  ail  inches  from  the  mirror,  an  image 
of  the  candle  will  be  formed  on  the  wall  which 
will  be  twelve  timee  loninr  and  broader  than    , 

.  ,     .  'c   .t     •  e    \.     seen  oentna   the  mirror,  sookewnat  curreJ 

n;!.  ...i.  io,.yi.^ih,m««i>r.l>  .„d.„a,,hi,h^m.„,b,„.,.i,^. 

tecled  In  Bmlbir  orcumrtane..  by  l  conT.i    ^^^^^  [he  mirror  tiwn  Ihe  object  i.  before  it, 

101..JI.  deuilad  |i  34 1  J.  mirror  ,»,ta..   „j  u,,  „i,j„,  m.^,d  in  pro^r- 

■St  12?;^  ^  li.ntoit.di.lloirrroin  !■•  TiKae  md  tte 

s  '  "^T    w     .  .J  ■       ,  .-      .     """■     ■'  '!»  """  >»  ™  fa*  '""'  '^ 
Pron.  >hU  lie.  b«,n  .l.l«i  |n  rel.Uot,  to  „j  ^  „jj„  ^    1,^  eil^t-lenth. 

h..th.7ma..,.hpo.erlijibu.m.B,iu«i  [,  »„  tl«e.  u  i.rj.  «  ll»  obJMlto  l.ngti 

Sopi««lb.fo,»Jd«»OTor.e«e.,.mirrer  ^  ^^^^^^^  .nd.  oon«^ntl>.  tweirlj-t.. 

lob.l»,l«indiet.odtoai™t.rorl««dth  j^  ,          ^  „rf„.'l„  thi.,„„Jl 

twelr.  indie*     Wlwn  ttu>  ittn  .  r,y.  bit  on  ^^.    ^           ^  nu^ilied  by  reliection,  u 

«ich  .  numrr,  tlioy  form  wi  ln«ge  of  tiro  Bun  ,^  ^y,^  ^„  mwailied  by  refmction.  in 

«tl>,lbc.lp.,nl,.l«».d«imel.ri.fomidlo  n,  ^'.f  deep  tonwi  i.n«»    Wben  eoeh 

i«.ijoul«lW.nthofuimcll.     Aii  the  r.y.  ^^^    ^   ^         f^   ^^^^^    ^^   i,^,j^ 

wludi  tliit   iipon  tite  imrror  .re  converged  ^1.,^,^^,  uid  e«Iit  or  ton  imilie.  baX  di.- 

into  U...  n.ii  pomt  .od,  eo.ieqo.nliy,  then  j,      ^^j^  „,,  j          lit,  „  of  m 

mten«ly  1.  in  proportion  >.  Uie  .quoi.  of  tbo  ^„(,rraou.  bulk.    Thi.  i.  iiiii.tr.ted  by  tiie 

•ufu.  ofOi.  mirror  i.  to  tiio  ^jw.  of  Uie  u„„^     iism  i   !.«  .  i,  ilj.  :i4,  mpreaiit 

'"S'-oP'."  T'T  .r";^"/"    "»  -«*"  "  •  t™""  "i™".  "i  ■<  ■  !■"• 

aa    14.400  to  1,  and,  coosequently,  tbe  den* 

BSy  6i  (he  sun's  rays,  in  the  focus,  is  to  their  Yia  24. 

density  on  the  surface  of  the  mirror  as  14,400  ^' 

to  1.     That  is,  the  heat  of  the  solar  raya  in 

tfas  focus  of  such  a  mirror  will  be  tonitean 

thouiaud  foni  hundred  times  greater  tlun  b»' 

fore ;  a  heat  which  is  capable  of  producing 

very  powerful  eSects  in  melting  and  setting 

fire  to  lubetanfcs  of  almost  every  descriplioo. 

Were  we  desirous  of  forming  an  image  by 
a  concave  speculum  which  Bhali  be  exactly 
equal  to  the.  object,  tlie  object  must  be  placed 
ciantly  in  the  centre ;  and,  by  an  eiperiment 
of  (bis  kind,  the  centre  of  the  concavity  of  a 
nurnir  may  be  fbnnd. 

In  the  cases  now  stated,  (he  imagea  of  ot>-  man  ftce  looldng  into  it,  the  fece  wilt  appew 
jccts  are  all  formed  in  the  front  of  me  mirror,  magnified  as  represented  by  the  image  be- 
ar between  it  and  the  obicct.  But  there  la  a  hind  the  mirror,  d  v..  Suppose  a  rav,  A  c> 
ease  in  which  the  image  is  formed  behind  the  procaeding  from  the  forehead,  and  another, 
miiTor.    This  happens  when  tbe  object   is    k  a,  from  (he  chin;  these  lays  are  reRectcd 

(759) 
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to  the  person's  eye  at  o,  which,  oonBeqaeiitif,  jeet,  and,  hy  the  action  of  the  minor,  thejr 

■oes  the  image  of  the  lines  of  reflection  o  d,  are  again  made  toconTeii^e  to  pointeat  o  and 

o  41,  and  in  the  angle  n  o  a*  and,  conae-  s,  wheie  they  cross,  form  an  image,  and 

qaently,  magnified  moch  b^ond  the  natural  again  proceed  divergent  to  the  eye.* 

size,  and  at  a  smaQ  distance  behind  the  mirror.  In  consequence  of  the  properties  of  conca^ 

If  we  suppose  the  side  t  u  to  represent  a  mirrors  now  described,  many  carious  ezperi- 

eonvex  mirror,  and  the  figure  d  q,  a  bead  of  ments  and  optical  deceptions  have  been  ex- 

an  ordiiuuy  size,  then  the  figure  A  will  hibited.    The  appearance  of  images  in  the 

represent  the  diminished  appearance  which  a  air,  suspended  between  the  minror  and  the 

person's  face  exhibits  when  viewed  in  such  a  object,  have  sometimes  been  displayed  with 

mirror.    It  will  not  only  appear  reduced,  but  soch  dexterity,  and  an  air  of  mystery,  as  to 

somewhat  distorted ;  because,  firom  the  form  have   struck  with  astonishment  those  who 

of  the  mirror,  one  part  of  the  object  is  nearer  were  ignorant  of  the  cause.  In  this  way  birds, 

to  it  than  another,  and,  consequently,  will  be  flying  angels,  spectres,  and  other  objects  haie 

reflected  under  a  diflerent  angle.  been  exhibited ;  and  when  the  hand  attempto 

The  efiect  we  have  now  mentioned  as  pro-  to  lay  hold  on  them,  it  finds  them  to  be  no- 

dnoed  by  coneaoe  mirrors  will  only  take  place  thing,  and  they  seem  to  vaniah  into  air.    An 

when  the  eye  is  nearer  the  mirror  than  its  apple  or  a  beautifiil  flower  is  presented,  and 

principal  focus.    If  the  spectator  retire  be-  when  a  spectator  attempts  to  touch  it,  it  in- 

yond  this  focus — suppose  to  the  distance  of  stantly  vanishes,  and  a  death's  head  immedi- 

five  or  six  feet — ^he  mil  not  see  the  image  ateiy  appears,  and  seems  to  snap  at  his  fingcm 

behind  the  mirror,  but  he  will  see  his  image  A  person  wiUi  a  drawn  sword  appears  before 

in  a  diminished  form,  hanging  upode  down,  him,  in  an  attitude  as  if  about  to  ran  him 

and  suspended  in  the  air,  in  a  line  between  through,  or  one  terrific  phantom  starts  up 

his  eye  and  the  mirror.    In  this  case,  his  after  another,  or  sometimes  the  resemblancei 

image  is  formed  before  the  mirror,  as  repre-  of  deceased  persons  are  made  to  appear,  as  if| 

sented  nt  I3£,  fig.  22.    In  this  situation,  if  by  the  art  of  conjuration,  they  had  been  forced 

you  hold  out  your  hand  towards  the  mirror,  to  return  from  the  world  of  spirits.    In  all 

the  hand  of  the  inu^  will  come  out  towards  such  exhibitions  a  very  large  concave  minor 

your  hand,  and,  when  at  the  centre  of  con-  is  requisite,  a  brilliant  light  must  be  thnmn 

cavity,  it  will  be  of  an  equal  size  with  it,  and  upon  the  objects,  and  every  arrangeraent  is 

you  may  shake  hands  with  this  aerial  image,  made,  by  means  of  partitions,  dec,  to  prevent 

If  you  move  your  hand  fiirther,  you  will  find  either  the  light,  the  mirror,  or  the  object  fipom 

the  hand  of  the  image  pass  by  your  hand,  being  seen  by  the  spectators.    The  following 

and  come  between  it  and  your  body.    If  you  representation  (fig.  26)  shows  one  of  the  me- 

move  your  hand  towards  either  side,  the  hand  thods  by  which  this  is  effected:  i  is  a  laiige 

of  the  image  will  move  towards  the  other  side;  concave  mirror,  either  of  metal  or  of  glass, 

the  image  moving  always  in  a  contrary  di-  placed  on  the  Imck  part  of  a  dark  box;  d  is 

rection  to  the  object    All  this  while  the  by-  the  performer,  concealed  fi:om  the  spectators 

standers,  if  any,  see  nothing  of  the  image,  be-  by  the  cross  partition  c ;  e  is  a  strong  light, 

cause  none  of  the  reflected  rays  that  form  it  which  is  likewise  concealed  by  the  partition 

can  enter  their  eyes.    The  foUovring  figure  i,  which  is  thrown  upon  the  actor  d  or  upon 

represents  a  phenomenon  produced  in  the  any  thing  he  may  hold  in  his  hand.  If  he  bold 

a  book,  as  represented  in  the  figure,  the  light 

Fig.  25.  reflected  from  it  will  pass  between  the  parti* 

tions  c  and  i  to  the  mirror,  and  will  he  re- 
flected from  thence  to  z,  where  the  image  of 
the  book  will  appear  so  distinct  and  tangible, 
that  a  spectator  looking  through  tbe  openbg 
at  X  will  imagine  that  it  is  in  his  power  to 

*  Small  glass  mirrors  for  performinf  some  of 
the'  experiments,  and  illustrating  soiiiQ  of  tb« 
principles  above  oUuded  to,  may  be  made  of  tbs 
flattest  kind  of  cOmmon  watch  glasses,  by  (blist- 
ing  or  covering  with  tin  leaf  and  quirkiitrcrtbs 
^^  .  .         '  convex  surfaces  of  such  glasses.    Their  fof»l  to- 

same  marmer.     ▲  b  is  a  concave  mirror  of  a   tances  will  generally  be  fi-om  one  to  two  inch**, 
large  size ;  c  represents  a  hand  presented  be-    Such  mirrors  afford  a  very  large  arid  bftotinil 

fi>re  the  mirror,  at  a  point  further  distant  than  Y?T  ***"  **1?.S^'?'  '*'^^"  held  within  their  toai 

.-    f-^         T    A-'  •       _*  J    •  /•  distance  of  that  organ,    ouch  mirrors  win  slso 

lis  tocus.     in  tins  case  an  inverted  image  of  serve  the  purpose  of  rcflectisg  light  on  the  olijeets 

the  hand  is  formed,  which  is  seen  hanging  in  viewed  by  microscope*.    Larger  mirrors,  of  fron 

the  air  at  m.     The  raya  c  and  n  go  divercw  ^"r  }^  eight  inches  diameter;  may  be  had  of  i^ 

«M«  f^^  »k-  *  ••         •  *     r  *i-    Ji  optician  at  different  prices,  varying  from  nre  to 

Ug  from  tbe  two  q>po8ite  pomts  of  thebV  ♦««  or  fifteen  shaHnga. 
(760) 
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Dody,  a  poftiut,  ■  painting,  a  ipeetre,  b  land- 
•cape,  or  any  object  or  Jevics  wluch  be  can 
■tronglj  illuminBte. 

There  i*  another  expeiiment,  mado  with  s 
CDQcave  mirror,  nbich  has  somewhat  puzzlci! 
|diil0K>phcra  to  account  for  the  phenomena. 
Take  a  glasB  bottle,  A  C  (fig.  27,)  and  GU  it 
with  natei  to'the  point  B;  leave  the  upper 

Pig.  ST. 


pait.  B  C,  empty,  and  cork  it  in  the  common 
manner.  Place  thia  bottle  oppoaite  a  concaTe 
mirror,  and  beyond  its  focus,  that  it  maj  ap- 
pear rexemcd.  and  belbro  the  mirror  place 
yourself  still  luttbcr  distant  from  the  bottle, 
anil  it  niU  appear  in  the  situation  a  b  c. 
Now  it  is  remajkable,  in  tbia  apparent  bottle, 
that  the  uxUer,  which,  according  to  the  laws 
of  catoptrics,  should  appear  at  i  a,  appears, 
on  the  contrary,  at  B  c,  and,  consequenllf, 
the  part  i  a  appear*  empty.  If  the  bottle  be 
inTerted  and  placed  hcibre  the  mirror,  ita 
image  will  appear  in  ill  natural  eiect  position, 
and  the  water,  which  is  in  reality  at  it  0 
(fig.  38,)  is  Men  at  a  B.    It,  while  the  bottle 

Fig.  88. 


gently  out,  it  will  appear  that,  while  the  pu% 
£  C  is  emptying,  that  of  a  b  in  the  image 
is  Glliog,  ancC  what  ia  remaiksble,  as  soon  as 
the  bollle  ia  empty  the  illuuoa  ceases,  the 
image  also  appearing  entirety  empty.  The 
lemaiksblo  circniastancca  in  this  experiment 
■le,  first,  not  only  to  aee  the  object  where  it 
is  not,  but  also  where  ita  iraagt  is  not ;  and, 
ncondly,  tlist  of  two  objects  which  are  really 
b  the  ssDio  place,  as  the  surface  of  the  bottle 
and  I2ie  water  it  contains,  the  one  is  seen  st 
one  place,  and  tlie  other  at  another;  and  to 
see  the  bottle  in  the  place  of  its  image,  and 
the  water  where  neither  it  nor  its  image  is. 

The  fallowing  exporimenis  are  elated  by 
Mr.  Ferguson,  in  his  "  Lectmte  on  Select 
Subjecls,"  &c :  "  If  a  Gre  be  made  in  a  large 
room,  and  a  smooth  mahogany  table  be  placed 
at  a  good  distance  near  the  wall,  before  a  large 
concave  mirror,  so  placed  that  the  light  of  the 
fire  may  be  reflected  &om  the  mirror  to  ita 
fiKus  upon  the  table ;  if  a  person  stand  by 
the  (able,  he  will  see  nothing  upon  it  liut  a 
longish  besm  of  light :  but  if  he  stand  at  a 
distance  towards  the  £re,  not  directly  between 
the  fire  and  mirror,  he  will  ate  an  image  of 
the  Gre  upon  the  tabic,  large  and  erect.  And 
if  another  person,  who  luiowa  nothing  of  the 
matter  beforehand,  should  chance  lo  come 
into  the  room,  and  should  look  from  the  tire 
towards  the  tabic,  he  would  be  Btartlod  at  the 
appearance,  for  the  table  would  secin  to  be 
on  Gre,  and  by  being  near  the  wainscot,  to 
endanger  the  whole  bouse.  In  this  experi- 
ment there  should  be  no  light  in  the  room 
but  what  proceeds  from  the  fire,  and  the  mir- 
ror ought  lo  be  at  least  fifteen  inches  in 
diameter.  If  the  fire  be  darkened  by  a  screen, 
and  a  large  candle  be  placed  at  the  back  of 
the  screen,  a  person  standing  by  the  candle 
will  see  the  appearance  of  a  very  fine  large 
star,  or,  rather,  planet,  upon  the  table,  as 
bright  8S  Venua  or  Jupiter.  And  if  a  smell 
wax  taper — whose  Same  i*  much  leas  than  the 
flame  of  the  candle — be  placed  near  the  can- 
dle, a  satellile  to  the  plsnet  will  appear  on 
the  table;  and  if  the  taper  be  moved  round 
the  candle,  the  latelllte  will  go  round  the 

Many  other  illustrations  of  tho  eflects  of 
concave  specula  might  have  been  given,  but  I 
shall  conclude  this  department  by  briefly 
iJtitegtatraJpnpertUioftpt' 


I,  There  is  a  great  resemblance  between 
the  properties  of  convex  lenaes  and  ceiuaee 
mirrors.  They  both  form  an  inverted  fbcal 
image  of  any  remota  object,  by  the  conver- 
gence of  the  pencil  of  rays.  In  Ihoec  instru- 
ments whose  peHbrmanccs  arc  the  cSects  of 
reflection,  as  reflecting  teleacopoa,  the  concave 
mirror  ia  substituted  in  the  place  of  the  con- 
3(2  (7fi)) 
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wzleML    Tbe  whole  effect  of  tbeei  iiulni-  liom  upo^  was  fiMmd  to  be  ahnogtai^reil 

mentS)  in  bfringing  to  view  remoto  objectB  in  as  that  of  <}aickfllYer;  so  that  in  Tei;  •aaH 

heaven  and  on  euA,  entirely  depends  on  the  angles  it  nsflects  nearly  three-fom^  of  the 

proper^  of   a    concave  nmror  in  lonning  direct  li^t  This  is  the  reason  why  so  ttnng 

tmagu  of  ol^eets  in  its  fiicoSi    2.  The  image  a  reflection  ^ipeais  on  the  water,  when  one 

of  an  object  placed  beyond  the  centre  is  leas  walks,  in  stiU  weather,  on  the  brink  of  slake 

than  the  direct;  if  the  ob|e(t  be  placed  be-  opposite  to  the  san.  Thedirect  lijj^tof  theson 

tween  the  principal  focos  and  the  centra^  the  diminishes  gradually  as  it  ^iproihches  the  ho- 

image  is  greater  than  the  object    In  both  rizon,  while  the  reflected  light  at  the  asme 

cases  the  image  is  inverted.    3.  When  the  time  grows  strcMiger;  so  that  there  is  aoer- 

olpect  is  placed  between  the  focos  and  the  tain  elevation  of  the  snn  in  which  the  united 

mirror,  the  image  situated  behind  the  mirror  fi>rce  of  the  direct  and  reflected  tight  viU  be 

is  greater  than  the  object,  and  it  has  the  same  the  greatest  possible,  and  this  is  when  be  ii 

direction;  in  proportion  as  the  object  i^  twelve  or  thirteen  degrees  in  altitude.   On 

pvoaches  the  focos,  the  image  faecooies  larger  the  other  hand,  light  reflected  from  water 

and  more  distant    These  and  similar  resohs  at  great  anglu  of  incidence  is  extremely 

are  proved  by  placing  a  lighted  candle  at  di^  nsmi     When  the  light  was  perpendicular,  it 

fierent  disttnces  from  a  concave  mirron  4.  An  reflected  no  more  than  the  thu^-eeventfa  port 

eye  cannot  see  an  image  in  the  air  except  it  which  mercury  does  in  the   same  ciicum- 

be  placed  in  the  divetging  rays;  but  if  the  stances,  and  only  the  fifiy-fifUi  part  of  what 

image  be  received  on  a  piece  of  white  paper,  feU  upon  it  in  this  case, 

it  may  be  seen  in  any  position  of  the  eye,  as  Using  a  smooth  piece  of  glass,  one  line  in 

the  rays  are  then  reflected  in  every  direction,  thickness,  he  found  that,  when  it  was  plaoed 

5.  If  a  picture,  drawn  according  to  the  ndes  at  an  angle  of  fifteen  degrees  with  the  ind- 

of  perspective,  be  placed  before  a  large  con-  dent  rays,  it  reflected  628  parts  of  1000  which 

cave  speculum,  a  little  nearer  than  ite  prind-  fell  upon  it ;  at  the    same  time,  a  metaOic 

pal  focus,  the  image  of  the  picture  will  appear  mirror,  which  he  tried  in  the  same  drnim- 

extiemely  natural,  and  very  neariy  like  the  stances,  reflecting  only  561  of  them.    At  a 

real  objects  whence  it  was  taken.    Not  only  less  angle  of  incidence  mudi  more  light  was 

are  the  objecte  considerably  magnified,  so  as  reflected ;  so  that  at  an  angle  c^  three  degrees 

to  approach  to  their  natural  size,  but  they  the  glass  reflected  700  parts,  and  the  mrtal 

have  also  diflerent  apparent  distances,  as  in  something  less,  as  in  the  former  case.    The 

nature,  so  that-  the  view  of  the  inside  of  a  most  striking  observations  made  by  this  expe- 

church  appears  very  like  what  it  is  in  reality,  rimenter  relate  to  the  very  great  diflerenoe  in 

and  representations  of  landscapes  appear  very  the  quantity  of  light  reflected  at  difieient  an- 

nearly  as  they  do  from  the  spot  whence  they  gles  of  incidence.    He  found  that  &r  1000 

were  taken.    In  this  respect  a  large  concave  incident  rays,  the  reflected  rays,  at  diflereol 

speculum  may  be  made  to  serve  nearly  the  angles  of  incidence,  were  as  fdUows : 
same  purpose  as  the  Optical  Diagonal  Ma- 
chine in  viewing  perspective  prints.  6.  The 
concave  speculum  is  that  alone  which  is  used 
as  the  great  mirror  which  forms  the  first  image 
in  reflecting  telescopes ;  and  it  is  likewise  the 
only  kind  of  speculum  used  as  the  small  mir- 
ror, in  that  construction  M*  the  instrument 
called  the  Gregorian  ReJUctor. 

Quuintity  of  Light  reflected  by  polished  Sur^ 

fic^-  With  regard  to  sudi  murors  as  the  specoia 

As  this  is  a  circumstance  connected  with  of  reflecting  telescopes,  it  will  be  fouQd,m 

the  construction   of  reflecting  telescopes,  it  general,  that  they  reflect  little  more  than  the 

may  not  be  improper,  in  this  place,  to  stete  one-half  iii  the  rays  which  fidl  upon  them, 
some  of  the  results  of  the  accurate  experi- 

ments  of  M.  Bonguer  on  this  subject    This  Uncommon  appearances  in  Nature  orwituxd 

philosopher  ascertained  that  of  the  light  re-  h^^  combined  Influences  ofJUfledten 

fleeted  from  mercury,  or  quicksilver,  more  than  o,nd  Bt fraction. 

one-fourth  is  lost,  though  it  is  probable  that  The  reflection  and  refraction  of  the  rays  of 

no  substances  rcnflect  more  light  than  this,  light  frequently  produce  phenomena  vrfuch 

The  rays  were  received  at  an  angle  of  eleven  astonish  the  beholders,  and  which  have  been 

and  a  half  degrees  of  incidence,  measured  regarded  by  the  ignorant  and  the  superstitious 

from  the  surface  of  the  reflecting  body,  and  as  the  effects  of  supernatural  agengr.    Of 

not  from  the  perpendicular.    The  reflection  these  phenomena  I  shall  state  a  few  ejamplefc 
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On*  of  the  DHMt  otrikiDs  a^qKanncei  of  Cum,  the  minge  of  llie  blue  aky  wu  b- 

ihu  kind  u  i*hH  luw  beea  tanned  tbe  Fata  *erted.  tad  ao  mingled  with  the  laai  balow 

Morgana,  or  optical  appeuvncei  of  Ggurea  in  u  to  give  to  the  desolste  utd  aiid  wilderneM 

the  aea  and  the  air,  a*  aeen  in  tha  Fam  of  an  ippeanace  of  the  dmM  rich  and  beautiM 

MewinB.    Tbe  fallowing  eccoiml  i*  traiulaled  £000117.    Tbej  raw,  in  all  directiona,  green 

from  a  woik  of  Minaai,  who  wilneaeed  the  iaianda,  aurrounded  with  eitenaiTc  take*  of 

phenomenon,  and  wrote  a  dinertatioa  on  the  pore,  tianiparent  water.     Nothing  coiUd   be 

aubject :  "  When  the  riaing  fun  ihines  from  conceived  more  loreiy  and  plcturcaque  thaa 

that  point  whence  its  incident  ray  foima  an  the  limlacBpe.    In  the  tranquil  aurliice  of  the 

angle  of  about  forrf-fire  degieea  to  the  wa  of  lake*,  the  tree*  and  boiiHa  with  whi(^  tbe 

Rig^io,  and  the  bright  autfiice  of  the  water  in  ialandi  were  covered  were  atrongly  reflected 

the  buy  i»  not  diilurbed  either  b;  the  wind  or  with  nrii!  and  varied  huea,  and  the  party 

the  cunient,  the  ipectaloi  being  placed  on  an  hailened  fbnvard  to  eiijay  the  cool  re&eib- 

eminroce  of  the  ctly,  with  hji  back  to  tbe  (an  menU  of  ihade  and  (tream  which  thcae  popu- 

and   hia  Etee  to  the  aea;  on  a  sudden  there  lous  villages  proSered  to  them.    When  they 

appear  on  the  water,  aa  in  a  catoptric  theatre,  arrived,  the  lake  onwhoae  boeom  the;  floatsd, 

varioiM  multiplied  objacta,  that  is  to  lay,  num-  the  trees  among  wtioae  foliage  Ihey  were  em- 

berleaa  aeriea  of  jstaatera,  arches,  castles  well  bowered,  and  tbe  people  who  stobd   on   (he 

delineated,  regular  columns,  lofty  towen,  an-  shoroinTiliDglheirappraBch,hadBll  vanished, 

perb   palaces,  with  balconies  and  window*,  and  nothing  remained  but  a  uniform  and  iik- 

eiteoded  alleya  of  Itoes,  delightful  plains  with  some  desait  of  tend  and  riiy,  with  a  few  na< 

hetda  and  flocks,  armiea  of  men  on  loot  and  ked  huu  and  ragged  Arabs.    Had  they  not 

hocBcback,  and  many  other  strange  imagea,  in  been  undeceived  by  their  nearer  approach, 

their  natural  colours  and  proper  aelionB,  pa*»-  there  was  not  a  man  in  the  French  anny  who 

ing  ra|Hdly  in  succeasion  along  the  surface  of  would  not  have  <wom  thai  the  visionary  Ireea 

the  sea.  during  the  whole  of  the  short  period  and  lakes  had  a  real  eiistenco  in  the  midst 

of  lime,  while  the  above  mentioned  caoses  of  the  deeart. 

remain.     But  if,  in  addition  to  tbe  dicum-  Dr.  Clarii  observed  prrdaely  the  samo  ap- 

stances    now    described,  the  ptmcephere    be  pcarance  at  RoecttL     The  ci^  seemed  au> 

highly  impregnated  with  vapour  and  denae  rounded  with  a  beautiliil  sheet  of  water ;  and 

erhalationa,  not  previously  diaperaed  by  the  *o  certain  was  hi*  Greek  interpreter—who 

wind*  or  tbe  aun,  it  then  happen!  that,  in  this  wa*  tmaequainted  with  the  country — of  this 

vapour.  M  in  a  curtain  extended  along  tbe  &ct,  that  he  waa  quite  indignant  at  an  Arab 

channel,  at  the  height  of  abont  thirty  palms,  who  attempted  to  explain  to  him  that  it  waa 

■nd  nrariy  down  lo  the  aea.  the  obaerver  will  »  mere  optLcsl  deluaion.      At    length   they 

behold  the  ecene  of  the  same  ob)ect«,  not  imly  reached  Roeettain 

reflected  from  the  surlace  of  the  aea,  but  like-  Fig.  39.                 about   two   hours, 

wise  in  the  air,  (hough  not  so  distant  or  well  without     meeting 

defined  as  the  former  objects  from  the  sea.  with  any   water; 

Lastly,- if  the  air  be  alightty  haiy  or  opaque,  and|'  on    looking 

and,  at  the  same  time,  dewy,  and  adopted  to  back  on  the  sand 

farm  the  iris,  the  then  above-mentioned  ol^cts  they  had  Justcroaa- 

will  appear  only  at  (he  aur&ce  of  the  aea,  aa  eU.  it   seemed   (o 

in   the  first  caae,  but  all  vividly  coloured  or  them  aa  if   th^ 

fringed  with  red,  green,  blue,  and  other  pru>  '  hadwaded  thrau^ 

matic  colouM."*  ,   a  vast  blue  lake. 

It  is  somewhat  difficult  to  account  for  all  On    (he    lat  of 

the  appeanncea  here  deacribed,  but.  in  all  Auguit,  1TS8,  Dr. 

probability,  they  are  produced  by  a  calm  sea,  Vince  observed  at 

and  one  or  more  strata  of  supeiincuaibenl  air,  Ramsgale  a   ship 

diflering  in  refrv^Te,  and,  eonaequently,  in  whichappeared  a* 

reflective  power.    At  any  rate,  reflection  and  at  a  (fig.  29,)  tbe 

refraction  are  some  of  the  essential  causes  topmast  being  the 

which  operate  iu  the  producrion  of  the  phe-  only  part  of  it  that 

DOmena.  .                      waa  seen  above  the 

The  Miragt,  seen  in  the  deaarta  of  Africa,  ^"'Tlrr  \_                  boriion.     An  iit- 

■  ■  phenomenon,  in  all  probability,  produced  OS^^                 verted  iriago  of  it 

by  a  sLmilur  cause.     KI.  Mange,  who  accom-  4|MHB^^^B^^~       ""^  ''^"  ^  '' '"'' 

paniod  the  French  army  to  Egypt,  relates  that,  ^^""^^^^^^^         mediately      above 

when  in  tho  deurt  between  Alexandria  and  the  real  ahip  1,  and  an  erect  image  at  c,  both  <tf 

•  NkhnWi    Joareal  of  Natnr.1  PhUowphv.  tbembeingcompleteandweUdefined.  Tbc«« 

4cc.,  «to  aeries,  p,  tlS.  was  distinctly  seen  between  ther:,  as  at  v  W> 
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Am  the  sbip  rose  to  the  horizon,  the  image  c  rain  from  making  Airfher  ob8eiTttioii&  Be* 
gradually  disappeared,  and,  whiie  this  was  tween  the  obeervers  and  the  land  from  which 
going  on,  the  image  b  descended,  bat  the  the  hill  rises  there  were  about  six  miki 
mainmast  of  b  did  not  meet  the  mainmast  of  of  sea,  and  from  thenoo  to  the  top  of  the  hilt 
A.  The  two  images,  b  c,  were  perfectly  Tisi-  there  was  about  the  same  distance;  their  owo 
ble  when  the  wbol^  ship  was  actually  below  height  aboTe  the  sur&ce  of  the  water  wis 
the  horizon.  Dr.  Yince  then  directed  his  about  seventy  feet  The  cause  of  this  phe- 
telescope  to  another  ship  whose  hull  was  just  nomenon  was,  undoubtedly,  unequal  refrae- 
in  the  horizon,  and  he  observed  a  complete  tion.  The  air  being  more  dense  near  the 
inverted  image  of  it,  the  mainmast  of  which  ground  and  above  the  sea  than  at  greater 
just  touched  the  mainmast  of  the  ship  itself,  heights,  reached  the  eye  of  the  observer,  not 
He  saw  at  the  same  time  several  other  ships  in  straight,  but  in  curvilinear  lines.  If  the 
whose  images  appeared  in  nearly  a  similar  rays  from  the  castle  had  in  their  path  struck 
manner,  in  one  of  which  the  two  images  were  a%eye  at  a  much  greater  distance  than  Rams- 
visible  when  the  whole  ship  was  beneath  the  gate,  the  probability  is  that  the  image  of  the 
horizon.  These  phenomena  must  have  been  cajsUe  would  have  been  inverted  in  the  air; 
produced  by  the  same  cause  which  operated  but,  in  the  present  case,  the  rays  from  the  tu>* 
in  the  case  formerly  mentioned,  in  relation  to  ret  and  the  base  of  the  castle  had  not  crossed 
Captain  Scoresby,  when  he  saw  the  figure  of  each  other. 

his  father's  ship  inverted  in  the  distant  hori-       To  sioiilar  causes  as  those  now  alluded  to 

zon.   Such  cases,  are  perhaps,  not  uncommon,  are  to  be  attributed  such  phenomena  as  the 

especially  in  calm  and  sultry  weather,  but  following : 

they  are  seldom  observed,  except  when  a  per-        TYie  Spectre  of  the  Bracken.    This  is  won- 

son's  attention  is  accidentally  directed  to  the  derful,  and,  at  first  sight,  a  terrific  phenoiiie> 

phenomenon,  and,  unless  he  use  a  telescope,  non,  which  is  sometimes  seen  fi'om  the  sum- 

it  will  not  be  so  distinctly  perceived.  mit  of  one  of  the  Harts  Mountains  in  Hano- 

The  following  phenomenon,  of  a  descrip-  ver,  which  is  about  8300  feet  above  the  level 

tion  nearly  related  to  the  above,  has  been  sup-  of  the  sea,  and  overlooks  all  the  country  fif- 

poeed  to  be  chiefly  owing  to  reflection :     On  teen  miles  round.    From  this  mountain  th« 

the  18th  of  November,  1804,  Dr.  Buchan,  most  gigantic  and  terrific  spectres  have  been 

when  watching  the  rising  sun,  about  a  mile  seen,  which  have  terrified  the  credulous,  and 

to  the  east  of  Brighton,  just  as  the  solar  disk  gratified  the  curious,  in  a  very  high  degree, 

emerged  from  the  surface  of  the  water,  saw  M.  Hawe,  who  witnessed  this  phenameDon, 

the  face  of  the  cliff  on  which  he  was  standing,  says  the  sun  rose  about  four  o'clock,  after  he 

a  windmill,  his  own  figure,  and  the  figure  of  had  ascended  to  the  summit,  in  a  serene  sky, 

his  fiiend,  distinctly  represented,  precisely  op-  free  of  clouds;  and,  about  quarter  past  five, 

posite,  at  some  distance  from  the  ocean.  This  when  looking  round  to  see  if  the  sky  con* 

appearance  lasted  about  ten  minutes,  till  the  tinned  clear,  he  suddenly  beheld,  at  a  little 

sun  had  risen  nearly  his  own  diameter  above  distance,  a  human  figure  of  a  mofuiroMtae 

the  sea.    The  whole  then  seemed  to  be  ele-  turned  towards  him,  and  glaring  at  him.  While 

vatcd  into  the  air,  and  successively  disap-  gazing  on  this  gigantic  spectre,  with  a  mix- 

peared.    The  surface  of  the  sun  was  covered  ture  of  awe  and  apprehension,  a  sodden  gntf 

with  a  dense  fog  of  many  yards  in  height,  of  wind  neariy  carried  off  his  hat,  and  he 

which  gradually  receded  from  the  rays  of  the  clapped  his  hand  to  his  head  to  detain  it, 

sun  as  he  ascended  from  the  horizon.  when  to  his  great  delight,  the  colossal  spectre 

The  following  appearance,  most  probably,  did  the  same.    He  changed  his  body  into  i 

arose  chiefly  from  the  refraction  of  the  atmo-  variety    of  attitudes,  all  which  the  spectre 

sphere ;  It  was  beheld  at  Ramsgate  by  Dr.  exactly  imitated,  and  then  suddenly  vanish^ 

Yince,  of  Cambridge,  and  another  gentleman,  without  any  apparent  cause,  and  in  a  short 

It  is  well  known  that  the  four  turrets  of  Do-  time  as  suddenly  appeared.     Being  joined  by 

ver  Castle  are  seen  at  Ramsgate,  over  a  hill  another  spectator,  aJfter  the  first  visions  had 

which  intervenes  between  a  full  prospect  of  disappeared,  they  kept  steadily  looking  for  the 

the  whole.    On  the  2d  of  August,  1806,  not  aerial  spectres,  whefi  two  gigantic  monsten 

only  were  the  four  turrets  visible,  but  the  suddenly  appeared.    These  spectres  had  been 

castle  itself  appeared  as  though  situated  on  long  considered  as  preternatural  by  the  inha- 

that  side  of  the  hill  nearest  Ramsgate,  and  so  bitants  of  the  adjacent  districts,  and  the  whole 

striking  "was  the  appearance  that  for  a  long  country  had  been  filled  with  awe  and  tenor, 

time  the  doctor  thought  it  an  illtision ;  but  at  Some  of  the  lakes  .of  Ireland  are  found  to  be 

last,  by  accurate  observation,  was  convinced  susceptible  of  producing  illusions,  particulaihr 

that  it  was  an  actual  image  of  tlie  castle.  He,  the  hake  of  KiUamey,    This  romantic  sheet 

with  another  individual,  observed  it  attentively  of  water  is  bounded  on  one  side  by  a  semi- 

for  twenty  minutes,  but  were  prevented  by  circle  of  rugged  mountains,  and  aa.  the  other 
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hy  a  flat  moraw ;  and  the  Tapoun  generated  this  description  which  lately  occurred  in 
in  the  marsh,  and  brd^en  by  the  mountains,  France,  and  for  a  time  caused  a  powerful 
continually  represent  the  most  fantastic  ob-  sensation  among  all  ranlu.  On  Sunday,  the 
jects.  Frequently  men  riding  along  the  17th  of  December,  1826,  the  clergy  in  the 
abore  are  seen  as  if  they  were  moving  across  parish  or  Migne,  in  the  vicinity  of  Poictiers, 
the  lake,  which  is  supposed  to  have  given  rise  were  engaged  in  the  exercises  of  the,  Jubilee 
to  the  legend  of  O'Donougho,  a  magician  which  preceded  the  festival  of  Christmas,  and 
who  is  said  to  be  Tisible  on  the  lake  eveiy  a  number  of  persons,  to  the  amount  of  3000 
May  momuig.  souls  assisted  in  the  service.  They  had  planted, 

There  can  be  HtUe  doubt  that  most  of  those  as  part  of  the  ceremony,  a  large  cross,  twenty- 
visionary  appearances  which  have  been  fire-  five  feet  high,  and  painted  red,  in  the  open 
qnently  seen  in  the  sky  and  in  mountainous  air  beside  the  church.  While  one  of  the 
regions,  are  phantoms  produced  by  the  cause  preachers,  about  five  in  the  evening,  was 
to  which  I  am  adverting,  such  as  armies  of  addressing  the  multitude,  he  reminded  them 
footmen  and  horsemen,  which  some  have  as-  of  the  miraculous  cross  which  appeared  in  the 
serted  to  have  been  seen  in  the  air  near  the  sky  to  Constanline  and  his  army,  and  the 
horizon.  A  well-authenticated  instance  of  efiect  it  produced,  when  suddenly  a  similar 
this  kind  occurred  in  the  highlands  of  Scot-  celestial  cross  appeared  in  the  heavens  just 
land :  Mr.  Wren,  of  Wetton  Hall,  and  D.  before  the  pordi  of  the  church,  about  200 
Stricket,  his  servant,  in  the  year  1744,  were  feet  above  the  horizon,  and  140  feet  in  length, 
sitting  at  the  door  of  the  house  in  a  summer  and  its  breadth  from  three  to  four  feet,  of  a 
evening,  when  they  were  surprised  to  see  op-  bright  silver  colour,  tinged  with  red.  The 
posite  to  them,  on  the  side  of  Sonterfell  hill—-  curate  and  congregation  fixed  their  wonder^ 
a  place  so  extremely  steep  that  scarce  a  horse  ing  gaze  upon  this  extraordinary  phenomenon, 
could  walk  slowly  along  it — ^the  figure  of  a  and  the  e£fect  produced  on  the  minds  of  the 
man  with  a  dog  pursuing  several  horses,  all  assembly  was  strong  and  solemn ;  they  spon- 
running  at  a  most  rapid  pace.  Onward  they  taneously  threw  themselves  on  their  knees ; 
passed,  till  at  last  they  disappeared  at  the  •  and  many,  who  had  been  remiss  in  their  reli- 
lower  end  of  the  Fell.  In  expectation  of  gious  duties,  humbly  confessed  their  sins,  and 
finding  the  man  dashed  to  pieces  by  so  tre-  made  vows  of  penance  and  reformation.  \ 
mendoos  a  fall,  they  went  early  next  mom-  commission  was  appointed  to  investigate  the 
ing  and  made  a  search,  but  no  trace  of  man  truth  of  this  extraordinary  appearance,  and  a 
or  horse,  or  the  prints  of  their  feet  on  the  memorial  stating  the  above  and  other  facts, 
turf  could  be  found.  Some  time  afterward,  was  subscribed  by  more  than  forty  persons 
about  seven  in  the  evening,  on  the  same  spot,  of  rank  and  intelligence,  so  that  no  doubt  was 
they  beheld  a  troop  of  horsemen  advancing  entertained  as  to  the  reality  of  the  phcno- 
in  close  ranks  and  at  a  brisk  pace.  The  in-  menon.  By  many  it  was  considered  as 
matesof  every  cottage  for  a  mile  round  beheld  strictly  miraculous,  as  having  happened  at 
the  wondrous  scene,  though  they  had  formerly  the  time  and  in  the  circumstances  mentioned, 
ridicutod  the  story  told  by  Mr.  Wren  and  his  But  it  is  evident,  from  what  we  have  already 
servant,  and  were  struck  with  surprise  and  stated,  that  it  may  be  accounted  fer  on  physi- 
fear.  The  figures  were  seen  for  upward  of  cal  principles.  The  large  cross  of  wood 
two  hours,  till  the  approach  of  darkness  ren-  painted  red  was  doubtless  the  real  object 
dered  ihem  invisible.  The  various  evolutions  which  produced  the  magnified  image.  The 
and  changes  through  which  the  troops  passed  state  of  the  atmosphere,  according  to  the  do- 
were  distmctly  visible,  and  were  marked  by  scriptions  given  in  the  memorial,  must  have 
all  the  observers.  It  is  not  improbable  that  been  fiivourable  for  the  production  of  such 
these  aerial  troopers  were  produced  by  the  images.  The  spectrum  of  the  wooden  cross 
same  cause  which  made  the  castle  of  Dover  must  have  been  cast  on  the  concave  surfiice 
to  appear  on  the  side  of  the  hill  next  to  Ramft>  of  some  atmospheric  mirror,  and  so  reflected 
gate,  and  it  is  supposed  that  they  were  images  back  to  the  eyes  of  the  spectators  from  an 
of  a  body  of  rebels,  on  the  other  side  of  the  opposite  place,  retaining  exactly  the  same 
hill,  exercising  themselves  previous  to  the  re-  shape  and  proportions,  but  dilated  in  size ; 
bellion  in  1745.*  and,  what  is  worthy  of  attention,  it  was  tinged 

I  shall  mention  only  another  instance  of    with  red,  the  very  colour  of  the  object  of  which 

it  was  the  refiected  image. 
*  There  can  be  little  doabt  that  some  of  the        Such  phenomena  as  we  have  now  described, 
tecta  ascribed.  In  the  western  highlands  of  Scot^   ^j  ^       ^^  of  ^^^  ^y^^  science  is  abla 
land,  to  $eeond  sight,  have  been  owing  to  the  un-    "^    «*«  «*«*»«  JZ      »»*»*»^  itwc..^  «  «vt« 

usaai  refraction  cf  the  atmosphere ;  as  one  of    ">  unlold,  are  worthy  of  consulerauon,  m 
the  peculiarities  attributed  to  those  who  possessed    order  to  divest   the   mind  of   superstitious 

gs.?'.".7.w»ii'ijri;.re5'4"ir^  ^r'^'^-  t^^^  '^^,^  rr"*  ^ 

riabn.  laws  by  wmch  the  Almighty  directs  the  move* 
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mend  of  the  materid  lyctem.    When  any  of  nine  (bore  the  irster,  »  aecD  at  B,  mi 

■ppeanroB  id  oatuie,  exscllj  tlie  leverae  (rf^  he  nw  the  sppeanncM  u  reprewnted,  nimelj', 

o*ery-thina  we  could  h»TB  prerioasly  cun-  the  true  pla<»  of  the  word  "  Spirit,"  uiil  Ihs 

BeiTed,  presents  it«clf  to  iriew,  and  when  we  myeried   »nd    erect   images   below.      Thee* 

know  of  DO  material  canae  b;  which  it  could  mbstaOFes,  bj   Iheir   gradual    incorporation, 

be  producsd,  the  mind  must  foci  a  oertoin  produce  refracting  power,  diminishing  finn 

degree  of  awe  and  terror,  end  will  nsturall;  the  ipiril  of  wine  to  the  viatlr,  or  from  the 

renrt  to  nipemstursl  agency  u  acting  either  i^ru;)(otbetM:/er,'  so  that,  bj  looking  IhrDo^ 

in  oppodtira  to  the  eatablLsbed  laws  of  the  me  mixed  stratum,  an  inTerted  inuige  of  any 

universe,  or  beyond  the  range  to  which  Ihty  object  ia  aeeo  behind  the  bottle.     These  ei- 

aic  onfined.     Besides  the  fean  and  aj^re-  periments  show  that  the  mirage  and  seven] 

hensions  to  which  such  erroneona  conceptions  other  atTQos[Jiericnl  phenomena  may  be  pro- 

give  rise,  the;  lend  to  conT^  false  and  dts-  duced  by  luiatiDns  in  the  refractive  power  at 

toned  impresaions  of  the  attributes  of  the  different  strata  of  iha  atmosphere 

Deity,  and  of  His  moral  government.   Science,  It  is  not  unlikdy  that  phenomena  of  a  new 

thetEfote.  performs  an  invaluable  service  lo  and  diflereot  description  from  any  we  have 

man,  by  removing  Che  canae  of  superstitious  hitherto  observed,  may  be  pmdaced  from  the 

alerma,  by  investigating  the  laws  and  priii'  same  ckujks  to  which  we  have  adverted.     A 

dples  which  Operate  in  the  phyncal  systeni,  certain  optica]  writer  remarks ;  "Ifthavana- 

and  by  assigning  reasons  for  thoee  occasioniJ  tion  of  the  re&active  power  of  the  air  take* 

{^nomena  which  at  firat  sight  appeared  be-  [riaoe  in  a  horizontal  line  perpendicular  to  the 

yond  the  range  of  the  operetton  of  natural  line  of  vision,  that  is,  Iroin  ri^t  to  left,  then 

causes.  we  may  have  a  ialeral  mirage,  that  is,  an 

The   late  ingeniOQa  Dr.  Wtrilaaton  illua-  imi^  of  s  ship  may  be  seen  on  the  right  or 

trated  the  causes  of  same  of  the  phenomena  left  hand  of  the  real  ship,  or  on  both,  if  the 

we  have  deacribed,  in  the  following  manner :  variation  of  refractive  power  ia  the  same  on 

He  loidced  along  the  ode  of  a  red-hot  pi^er  each  ndc  of  the  tine  of  viraon,  and  a  fad  of 

at  a  word  or  ot^ect  ten  or  twelve  feet  distant ;  this  kind  was  once  observed  on  the  Lake  of 

and  at  a  distance  less  than  three-eighths  of  Geaove.    If  there  should  happen  at  the  same 

■n  inch  from  the  Une  of  the  poker,  an  trtveried  time  both  a  vertical  and  a  lateral  variation  of 

image  was  seen,  and  within  and  without  that  relractive  power  in  the  air.  and  if  the  vsiii- 

image,  an  trtct  image,  in  consequenco  of  the  tion  should  be  anch  ss  to  expand  or  clon^te 

change   produced,  by  the  heat  of  iha  poker,  the  object  In  both  directions,  then  the  object 

in  the  density  of  the  sir.    He  also  suggested  would  be  magnified  as  if  seen  throng  a  tele- 

the  fbllowing  experiment  as  another  illustra-  scope,  end  might  be  seen  and  reeogniied  at  a 

tioD  of  the  same  principle,  namely,  on  viewing  distance  at  which  it  would    otherwiae  have 

an  object  through  a  stratum  of  sjurit  of  wine  been  visible.    If  the  refracting  power,  on  the 

lying  above  water,  or  a  stratum  of  water  laid  contrary,  varied  so  as  to  construct  the  abject 

above  otie  of  syrup.   He  poured  intoa  aquan  in  both  directions,  the  image  of  it  woold  be 

vial  a  small  q^uantity  of  clear  syrup,  and  above  dimiiuriied  as  if  seen  through  a  concave  leas." 

tlua  ho  poured  an  equal  ouanlity  of  wattr,  „         .         .  d  a_i,       ■       r          .    .1 

wMch  Kadn-  ^""'^^  ""^  Sefleetlmt  m  nftrata  to  lit 

n~,  80.                   «llj  cabined  PAenomena  dacriUd  abmc 

with  the  ly-  Sadi,  then,  are  some  of  the  stiikiDg  aoi 
mp,  as  seen  at  inteicstiiig  ellects  produced  by  the  rebaptim 
A,  Bg.  SO.  and  the  reflection  of  the  lays  of  light  Ai 
The  wonl  the  formation  of  the  imaget  of  objects  by  cm> 
'  "Syrup," on  a  vex  lenses  lays  tiie  foundation  of  the  coo- 
card  held  be-  sbticticHi  of  refracting  telescopes  and  micn>- 
hind  the  bolr-  scopes,  and  of  ell  the  discoveries  Ibcjr  have 
appeared  brought  to  light,  so  the  pttqwrty  of  evnane 
t  when  tptrula,  in  forming  similar  images,  a  Ih^  on 
I  through  which  theconstructkmoffe/fcc/in^lekWMpej 
theptmspint,  entirely  depends.    To  this  circumstancf  Her- 

ibut     inverted  schel  was  indebted  for  the  powerfiil  teleiropea 

when       eren  be  was  enablod  To  construct — which  were  all 

through     the  formed  on  the  principle  of  reflection — and  fat 

miitara       of  all  the  discoveries  they  etubled  him  to  niak* 

water         and'  in  the  planetary  system,  and  in  the  nlerea] 

syrop.        He  heavena   Tht  same  principles  which  i^ierats 

afterward  ptit  in  t^rtical  iiutnimenli,  under  the  agency  vt 

•  qaanti^  at  rectified  ^nrits  man,  we  have  reason  to  believe  &eqDeiiilv 
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act  on  amore  expansiye  scale  in  various  parts  constitution  of  the  various  objects  with  which 

of  the  system  of  nature.    The  magnificent  they  are  connected.    It  is  evident,  from  what 

eroM  which  astonished  the  preacher  and  the  we  already  know  of  the  reflection  of  light, 

knmense  congregation  assembled  at  Mign^i  that  very  slight  modifications  of  certain  phy- 

was,  in  all  probability,  caused  by  a  vast  atmo-  sical  principles,  and  very  alight  additions  to 

spherical  speculum  formed  by  the  hand  of  the  arrangements  of  our  terrestrial  system, 

nature,  and  representing  its  objects  on  a  scale  might  produce  scenes  of  beauty,  magnificence, 

fiir  superior  to  that  of  human  art;  and  pro*  and  splendour  of  which  at  present  we  can 

bably  to  the  same  cause  is  to  be  attributed  form  no  conception.    And  it  is  not  unlikely 

the  singular   phenomenon  of  the  coast  of  that  by  such  diversities  of  arrangement  in 

France  having  been  made  to  appear  within  other  worids  an  infinite  variety  of  natural 

two  or  three  miles  of  the  town  of  Hastings,  scenery  is  produced    throughout    the    uni- 

as  formerly  described,  (see  p.  28.)     Many  verse. 

other  phenomena  which  we  have  never  wit-       In  the  arrangements  connected  with  the 

nessed,  and  of  which  we  can  form  no  con-  planet  Saturn,  and  the  immense  rings  with 

ception,  may  be  produced  by  the  same  cause  which  it  is  encompassed,  and  in  the  various 

operating  in  an  infinity  of  modes.  positions  which  its  satellites  daily   assume 

The  &cts  we  have  stated  above,  and  the  with  regard  to  one  another,  to  the  planet 

variety  of  modes  by  which  U^t  may  be  re-  itMlf,  and  to  these  rings,  there  is,  in  all  pro- 

fracted  and  reflected  by  diflerent  substances  bability,  a  combination  oif  refractions,  reflec- 

in  nature,  lead  us  to  form  some  conceptions  tions,  light,  and    shadows,  which    produce 

of  the    magnificent  and  diversified  scenes  scenes  wonderlully  diversified,  and  surpassing 

which  light  may  produce  in  other  systems  in  grandeur  what  we  can  now  distinctly  con- 

and  worlds  under  the  arrangements  of  the  ceive.    In  the  remote  regicms  of  the  heavens 

all-wise  and  benefident  Creator.    Light,  in  there  are  certain  bodies  composed  of  immense 

all  its  modifications  and  varieties  of  colour  masses  of  luminous  matter,  not  yet  formed 

and   reflection,  may  be  considered  as    the  into  any  regular  system,  and  which  are  known 

beauty  and  glory  of  the  universe,  and  the  by  the  name  of  ne6u/!a;.    What  should  hinder 

source  of  unnumbered  enjoyments  to  all  its  us  from  supposing  that  certain  exterior  por- 

inhabitants.    It  is  a  symbol  of  the  Divinity  tions  of  those  masses  form  speculums  of  enor* 

himself;  for  **  Gon  is  Light,  and  in  Him  is  mous  size,  as  some  parts  of  our  atmosphere 

no  darkness  at  all."    It  is  a  representative  of  are  sometimes  found  to  do  1     Such  specula 

Him  who  is  exhibited  in  the  sacred  oracles  as  may  be  conceived  to  be  hundreds  and  even 

''The   Scir    of  Righteousness,"    and   '<the  thousands  of  miles  in  diameter,  and  that  they 

LioBT  of  the  worid."  It  is  an  emblem  of  the  may  form  images  of  the  most  distant  objects 

glories   and  felicities  of  that  future  worid  in  the  heavens,  on  a  scale  of  immense  mag^ 

where  knowledge  shall  be  perfected  and  hap-  nitude  and  extent,  and  which  may  be  reflect- 

piness  complete ;  for  its  inhabitants  are  design  ed,  in  all  their  grandeur,  to  the  eyes  of  intel- 

nated  **  the  saints  in  light  /*'  and  it  is'declared  Ugences  at  a  vast  distance.   And,  if  the  organs 

in  sacred  history  to  have  been  the  first-bom  of  vision  of  such  beings  be  fiu:  superior  to  ours 

of  created  beings.    In  our  lower  world,  its  in  acuteiiess  and  penetrating  power,  they  may 

effects  on  the  objects  which  surround  us,  and  thus  be  enabled  to  tidie  a  survey  of  an  im- 

its  influences  upon  all  sanative  beings,  are  mense  sphere  of  vision,  and  to  descry  magni- 

multifarious  and  highly  admirable. .  While  ficent  objects  at  distances  the  most  remote 

passing  from  infinitude  to  infinitude,  it  reveals  from  the    sphere   they  occupy.    Whatever 

the  depth  and  immensity  of  the  heavens,  the  grounds  there  may  be  for  such  suppositions, 

glory  of  the  sun,  the  beauty  of  the  stars,  the  it  must  be  admitted  that  all  tile  knowledge 

arrangements  of  the  planets,  the  rainbow  en-  we   have   hitherto   acquired  respecting  the 

compassing  the  sky  with  its  glorious  circle,  operation  of  light,  and  the  splendid  effects  it 

the  embroidery  of  flower,  the  rich  clothing  of  is  capable  of  producing,  is  small  indeed,  and 

the  meadows,  the  valleys  standing  thick  with  limited  to  a  narrow  circle,  compared  with  the 

com, ''  th^  cattis  on  a  thousand  hills,"  the  immensity  of-  its  range^  the  infinite  modifica- 

rivers  rolling  through  the  plains,  and  the  wide  tions  it  may  undergo,  and    the  wondrous 

expanse  of  the  ocean.    But  in  other  worlds  scenes  it  may  create  in  regions  of  creation  Xo 

the  scenes  it  creates  may  be  far  more  resplen-  which  human  eyes  have  never  vet  penetrated, 

dent*  and  magnificent    This   may  depend  and  which  may  present  to  view  objects  of 

upon  the  refiactive  and  reflective  powers  with  brilliancy  and  magnificence  such  as  « Eye 

which  the  Creator  has  endowed  the  atmo-  hath  not  yet  seen,  nor  ear  heard,  nor  hath  it 

w^bete^  of  other  planets,  and  the  peculiar  entered  into  the  heart  of  man  to  conceive.'* 

'  (767) 


50  THE  PRACTICAL  ASTRONOMER. 


CHAPTER  V. 

BiGTiosr  h  Grimakli,  Dechales,  and  others,  thoaght  dw 

On  tHe  Colour,  oflAglU.  Sw'Tb^T^ftS^erSc'tri 
We  have  hitherto  considered  light  chiefly  filling  the  whole  universe.    Rohaolt  imagined 
as  a  simple  homogeneous  substance,  as  if  all  that  the  different  coloun  were  made  by  the 
its  rays  were  white,  and  as  if  they  were  all  rays  of  tight  entering  the  eye  at  different  an- 
refiracted  in  the  same  manner  by  the  dilTerent  gies  with  respect  to  the  optic  axis ;  and  Dr. 
lenses  on  which  they   fall.    Investigations,  Hook  conceived  that  colour  is  caused  by  the 
however,  into  the  nature  of  this  wonderful  sensation  of  the  oblique  or  uneven  pulse  of 
fluid  have  demonstrated  that  this  is  not  the  light ;  and  this  being  capable  of  no  more  than 
ease,  and  that  it  ia  possessed  of  certain  addi-  two  varieties,  he  concluded  that  there  cook) 
tional  properties  of  the  utmost  importance  in  be  no  more  than  two  primary  colours.     Sudi 
the  system  of  nature.    Had  every  ray  of  light  were  some  of  the  crude  opinions  which  pre- 
been  a  pure  white,  and  incapable  of  being  vailed  bei(Nre  the  era  of  the  illustrious  New- 
separated  into  any  other  colours,  the  scene  ton,  by  whose  enlightened  investigations  the 
of  the  universe  would  have  exhibited  a  very  true  theory  of  colours  was  at  last  discovered, 
diflerent  aspect  from  what  we  now  behold.  In  the  year  1666  this  philoaopher  began  to 
One  uniform  hue  would  have  appeared  over  investigate  the  subject,  and  finding  the  coloured 
the  whole  face  of  nature,  and  one  object  could  image  of  the  sun,  formed  by  a  glass  prism,  to 
scarcely  have  been  distinguished  from  an*  be  of  an  oblong,  and  not  of  a  drcuJar  form, 
other.    The  different  shades  of  verdure  which  as,  according  to  the  laws  of  refracticm,  it  ought 
now  diversify  every  landscape,  the  brilliant  to  he,  he  was  surprised  at  the  great  dispro- 
eolouring  of  the  flowery  fields,  and  almost  all  portion  between  its  length  and  breadth,  the 
the  beauties  and  sublimities  which  adorn  this  former  being^oe  times  Ihe  length  of  the  lat- 
lower  creation  would  have  been  withdrawn,  tcr ;  and  he  began  to  conjecture  that  light  is 
But  it  is  now  ascertained  that  every  ray  of  not  homogetieal,  but  that  it  consists  of  rays, 
white  light  is  composed  of  an  assemblage  of  some  bf  which  are  much  more  refiangiUe 
colours,  whence  proceed  that  infinite  variety  than  others.    Prior  to  this  period,  philosophen 
of  shade  and  colour  with  which  the  whole  of  supposed  that  all  light,  in  passing  out  of  one 
our  terrestrial  habitation  is  arrayed.    Those  medium  into  another  of  di&rent  density,  was 
cdours  are  found  not  to  be  in  the  objects  equally  refracted,  in  the  same  or  like  drcom- 
themselves,  but  in  the  rays  of  light  which  fall  stances ;  but  Newton  discovered  that  (his  is 
upon  them,  without  which  they  would  either  not  the  fact;  but  that  there  are  different  tpe- 
be  invisible,  .or  wear  a  uniform  aspect     In  cies  of  light,  and  that  each  species  is  diqiosed 
reference  to  this  point.  Goldsmith  has  well  both  to  sufler  a  diflerent  degree  of  refiangibi* 
observed :  "  The  blushing  beauties  of  the  roae^  lity  in  passing  out  of  one  medium  into  so- 
the  modest  blue  of  the  violet,  are  not  in  the  other,  and  to  excite  in  us  the  ideaof  adi^^'ereni 
flowers  themselves,  but    in  the  light    that  colour  tmm  the  rest;   and  that  bodiea  9f~ 
adorns  thenL    Odour,  sofhiess,  and  beauty  pear  of  that  colour  which  arises  fit>m  the  pe- 
of  figure  are  their  own ;  but  it  is  light  alone  culiar  rays  they  are  disposed  to  reflect     It  is 
that  dresses  them  up  in  those  robes  which  now,  therefore,  universally  acknowledged  that 
shame  the  monarch's  glory."  the  light  of  the  sun,  which  to  us  seems  per> 
Many  strange    opinions    and  hypotheses  fectly  homogeneal  and  white,  is  composed  of 
were  entertained  respecting  colours  by  the  no  fewer  than  teoen  diflerent  colours,  namely, 
andents,  and  even  by  many  modem  writers,  Red,  Orange,  Yellow,  Green,  Blue,  Indigo, 
prior  to  the  time  of  Sir  Isaae  Newton.    The  and  Violet.    A  body  which  appears  of  a  red 
Pythagoreans  called  colour  the  superficies  of  colour  has  the  property  of  reflecting  the  red 
bodies;  Plato  said  that  it  was  a  flame  issuing  rays  more  powerful^  than  any  of  the  others; 
from  them.    According  to  Zeno,  it  is  the  first  a  body  of  a  green  colour  reflects  the  green 
ecmfiguration  of  matter ;  and  according  to  rays  more  copiously  than  rays  of  any  other 
Aristotle,  it  is  that  which  moves  bodies  ao-  colour,  and  so  of  tiie  orange,  yellow,  bine, 
toally  transparent    Among  the  modems,  Des  purple,  and  violet    A  body  which  is  of  a 
Cartes  imagined  that  the  dSObrence  of  colour  hkuk  colour,  instead  of  reflecting,  absorbs  all, 
proceeds  fiom  the  prevalence  of  the  direct  or  or  the  greater  part  of  the  rays  that  &11  upon 
tolatory  motions  of  the  partides  of  light  it;  and,  on  the  contrazy,  a  body  tSat  appean 
(768) 
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white  refleeta  the  greater  part  of  the  rays  in-  than  some  other  part  of  the  beam,  as  TV  P, 
dbcriininately,  without  separating  the  one  the  rays  towards  12  0  have  a  much  greater 
finom  the  other.  disposition  to  bo  refracted  than  those  towards 
Before  proceeding  to  describe  the  experi-  WP\  and  that  this  disposition  arises  from 
ments  by  which  the  above  results  were  olv  the  naturally  different  qualities  of  those  raya^ 
tained,  it  may  be  proper  to  give  some  idea  of  is  evident  fro&i  this  consideration,  that  the 
the  form  and  e&cts  of  the  Pp3m  by  which  refracting  angle  or  power  of  the  prism  is  the 
•Dch  experimenta  are  made.  This  instrument  same  in  regard  to  the  superior  part  of  the 
is  triangular  and  straight,  and'  generally  about  beam  as  to  the  inferior, 
three  or  four  inches  long.  It  is  commonly  By  making  a  hole  in  the  screen,  L  M, 
made  of  white  glass,  as  free  as  possible  from  opposite  any  one  of  the  colours  of  the  spec- 
veins  and  bubbles,  and  other  similar  defects,  tram,  so  as  to  allow  that  colour  alone  to  pass 
and  is  solid  throughout  Its  lateral  &ces,  or  — and  by  letting  the  colour  thus  separated 
aides,  should  be  peifoctly  plane,  and  of  a  fine  fall  upon  a  second  prisnk-^Newton  found  that 
polish.  The  angle  formed  by  the  two  fiioes,  the  light  of  each  of  the  colours  was  alike  re« 
one  receiving  the  ray  of  light  that  is  refracted  frangible,  because  the  second  prism  could  not 
in  the  instrument,  and  the  other  aflbrding  it  separate  them  into  an  oblong  image,  or  faito 
an  issue  on  its  returning  into  the  air,  is  called  any  other  colour.  Hence  he  called  all  the 
the  rtfiratting  angk  of  the  prism,  em  A  C  B  seven  colours  simple  or  homogeneous,  in 
(fig.  31.)  The  manner  in  whi^  Newton  opposition  to  white  light,  which  he  called 
performed  his  experiments,  and  established  compound,  or  heterogeneous.  With  the 
the  discovery  to  which  we  have  alluded  is  as  pcism  which  this  philosopher  used,  he  found 
fellows :  the  lengths  of  Ae  colours  and  spaces  of  the 

spectram  to  be  as  follows :  Red,  45 ;  Orange, 

Fig.  31.  27 ;  Tellow,  40 ;  Green,  60 ;  Blue^  60 ;  Indigo^ 

48;  Violet,  80;  or  360  in  alL  But  these 
spaces  vary  a  little  with  prisms  formed  of  di^ 
-  ferent  substances,  and,  as  they  are  not  sepa- 
rated by  distinct  limits,  it  is  difiicult  to  obtain 
any  thing  like  an  accurate  measure  of  their 
relative  extents.  Newton  examined  the 
ratio  between  the  sines  of  inddenoe  and  re- 
fraction of  these  decompounded  rays  (see  p. 
In  the  window-shutter,  E  G  (fig.  31,)  of  20,)  and  found  that  each  of  the  seven  prip 
a  dark  room,  a  hole,  F,  was  made,  of  about  mary  colour-making  rays  had  certain  limits 
one-third  of  an  inch  diameter,  and  behind  it  within  which  they  were  confined.  Thus,  let 
was  placed  a  glass  prism,  A  C  B,^  that  the  the  sine  of  incidence  in  glass  be  divided  into 
beam  of  light,  iS  F,  proceeding  directly  from  50  equal  parts,  the  sine  of  refraction  into  air 
the  sun,  was  made  to  pass  through  the  prism,  of  the  kast  refrangible,  and  the  most  refhmgi- 
Belbre  the  interposition  of  the  prism,  the  ble  rays  will  contain  respectively  77  and  78 
beam  proceeded  in  a  straight  line  towards  T,  such  parts.  The  sines  of  refraction  of  all  the 
where  it  formed  a  round,  white  spot ;  but,  be-  degrees  of  red  will  have  the  intermediate 
ing  now  bent  out  of  its  course  by  the  prism,  degrees  of  magnitude,  from  77  to  77  one- 
it  formed  an  oblong  image,  0  P,  upon  the  eighth ;  \jfrmge,  from  77  one-eighth  to  77 
white  pasteboard,  or  screen,  L  Mf  containing  one-fiftti ;  Yel&Wf  from. 77  one-fifth  to  77  one- 
tha  seven  colours  marked  in  the  figure,  the  third ;  Greerij  from  77  one-third  to  77  one- 
rtd  being  the  least,  and  the  violet  the  most  half;  Blue,  from  77  one-half  to  77  two-thirds ; 
refVacted  from  the  original  direction  of  the  /tm?^,  from  77  two-thirds  to  77  seven-ninths; 
solar  beam,  8  T.  This  oblong  image  is  called  and  Violet,  from  77  seven-nmths  to  78. 
the  prismatic  spectrum^  If  the  refracting  From  what  has  been  now  stated,  it  is  evi- 
ani^le  of  the  pnsm,  ^  C  B,  be  64  degrees,  dent  that,  in  proportion  as  any  portion  of  an 
and  the  distance  of  the  pasteboard  firom  the  optic  glass  bears  a  resemblance  to  the  form 
prism  al)out  18  feet,  the  length  of  the  image,  of  a  prism,  the  component  rays  that  pass 
O  P,  will  be  about  ten  inches,  and  the  breadth  through  it  must  be  neoessarily  separated,  and 
2  inches.  The  sides  of  the  spectrum  aro  wiU  consequently  paint  or  tinge  the  object 
right  tines  distinctly  bounded,  and  the  ends  with  colours.  The  edges  of  every  convex 
are  semi-circular.  From  this  circumstance,  lens  approach  to  this  form,  and  it  is  on  this 
it  Lb  evident  that  it  is  still  the  image  of  the  account  that  the  extremities  of  objects,  when 
•an,  but  elongated  by  the  refractive  power  of  viewed  throu^  them,  are  found  to  be  tinged 
the  prism.  It  is  evident  from  the  fig^ure  that,  with  the  prismatic  colburs.  In  such  a  glass, 
■ince  tome  part  of  the  beam,  /2  0,  is  refracted  therefore,  those  different  coloured  rays  will 
umch  further  out  of  its  natural  course   W  T  have  different  foci,  and  will  form  their  re* 
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•pectiTe  imagM  at  diilerent  distances  from  the    rays,  is  yiewed  through  an  eje-gla«»  it  wil 
leni.    Thus,  suppose  L  N  (6g.  32)  to  xepre-   seem  to  form   but  one  image,  and,  conse- 
quently, very  indistinct,    axid    tinged  with 
Fig.  83.  various  colours;  and  as  the  red  figure,  R  a, 

is  largest,  or  seennmder  the  greatest  angle, 
the  extreme  parts  of  this  confiued  image  will 
be  red,  and  a  succession  ci  the  prismatic 
colours  will  be  formed  within  this  red  fringe, 
as  is  general^  found  in  common  re&acting 
telescopes,  constructed  with  a -single  object- 
glass.  It  ispwing  to  this  circumstance  that 
the  common  refracting  telescope  cannot  be 
much  improved  without  having  recourse  to 

«nt  a  doable  convex  kn.,  wd  0  U  an  ob-  ^  <>'  »  77  1°°8  <"»«>  ^^^^J  «*« 

ject  at  «Hne  dirtance  from  it    If  the  object  ^  »»»"«  ^  ,e«a  ago.  wd,  tele»>||». 

6  B  wa.  of  a  pure  red  colour,  the  mys  ^  J^.  "^^^^  «?U  "■*  }^^  '^  '«* 

ceeding  from  it  would  form  a  red  ima,^  at  iJ  &«'>?  ^^.^.  B«*  atJl,  the  m»ge  wa.  mK 

,;  if  flH.  object  wa.  of  a  violet  colour,  an  f?™«^  "  ^^"^^  J^J^  '''""i,"i 
in^  of  that^colonr  would  be  formed  at  Fv;  ^  'P?.'*^™/  *f.  *)«=«^  T\^f^ 
n^  the  len.;  and  if  the  object  wa.  white,  ^  >*  '^♦"f  Thw  i.  a  defect  whid.  «i» 
orany  otherconiinationof  the'colou^making  fe"«  "*^  uT"^!^  JT^^'-"^  "" 
nv.,tho«  raya  would  have  their  ren)ectl»re  "**'*'"  """ITJ^.r^!!!!"*.'^ 
^  at  diflere^t  distance,  from  ihe  le^i  and  «»«°»  ^.^^  *«  ^^  of  r^actag  tde- 
form  a  »c«««ion  of  image.,  in  the  order  of  •"!*•  ^}\^  ^^^'  *^  *«"  «"P"'^ 
the  prismatic  ooloaiB,  between  the  .pace  JJb  S??if?^,  ^h".  Wvct.  wa.  ««». 
,'y.  pushed  by  Dollond  to  an  extent  nir  surpessmg 

"Thia'inay  be  iUartrated  in  the  following  "^^  <?>»"  ^"^^  "^t «^P«*«^'  ^  "'»'*• 
,er :  f  «ke  a  card  or  dip  of  white  parte-  '  V^^^^  ""pint  wiU  be  given  in  the  sequel 
.ulABEF  (6g.  33,)  and  paint  one.  .  It  was  ong,>,«lly  remaAed  by  N.  ewtoo.  and 
'  .    \  o        /  (^  ui^  ff^.^  jj^  smoe  been  confirmed  by  me  ezpe- 

p*     gg  riments  of  Sir  W.  Herschel,  that  ihe  differetU 

^'      '  coloured  rays  have  not  the  game  WunUnatrng 

power,  Tne  violet  rays  i^pear  to  have  the 
least  illuminating  effect;  the  indigo  more,  and 
the  efiect  increases  in  the  order  of  the  colouay 
the  green  being  very  great ;  between  the  green 
and  the  yellow  the  greateot  of  all ;  the  yeUow 
the  same  as  the  green ;  but  the  red  less  than 
half,  A  B  C  D,  red,  the  other  half,  C  i^,  the  yellow.  Hcrschel  also  endeavoured  to 
violet  or  indigo,  and,  tying  black  threads  determinewhether  the  power  of  the  difierent- 
across  it,  set  it  near  the  flame  of  a  candle,  G ;  Iy*coloured  rays  to  heai  bodies  varied  with 
then  take  a  lens,  H  /,  and,  holding  a  sheet  tiieir  power  to  illuminate  them.  He  intra- 
of  white  paper  behind  it,  move  It  backward  duced  a  beamof  li^t  into  a  darkroom*  which 
and  forward  upon  the  edge  of  a  graduated  was  decomposed  by  a  prism,  and  then  ex- 
ruler  till  you  see  the  black  threads  most  dis-  posed  a  very  sensible  thermometer  to  all  the 
tinctly  in  the  image,  and  you  will  find  the  rays  in  succession,  and  observed  the  heights 
focus  of  the  violet  f  x  much  nearer  than  that  to  which  it  rose  in  a  given  time.  He  found 
of  tiie  red  ▲  c,  which  plainly  shows ,  that  that  their  heating  power  increased  from  the 
bodies  of  different  colours  can  never  bie  de-  violet  to  the  red.  The  mercury  in  the  ther- 
picted  by  convex  lenses  without  some  degree  mometer  rose  higher  when  its  bulb  was  placed 
of  confusion.  in  the  indigo  than  when  it  was  placed  in  the 

The  quantity  of  disperaion  of  the  coloured  violet,  stiU  higher  in  blue,  and  highest  of  aQ 
rays  in  convex  lenses  depends  upon  the  focal  at  red.  Upon  placing  the  bulb  of  the  ther- 
length  of  the  glass,  the  space  which  the  mometer  below  the  red,  quite  out  of  the  apeo- 
coloured  images  occu^  being  about  the  trum,  he  was  surprised  to  find  that  the  meiw 
twenty-eighth  part  Thus,  if  the  lens  be  cury  rose  highest  of  all,  and  concluded  that 
twenty-eight  inchea  focal  distance,  the  space  rays  proceed  from  the  eun,  vfhieh  have  tke 
between  It  a  and  Vy  (fig.  33)  will  be  about  power  of  nsATiva  but  iwt  of  ilhinUnating 
one  inch ;  if  it  be  twenty-eight  feet  focus,  the  bodies*  These  rays  have  been  called  MmnMi 
same  space  will  be  about  one  foot,  and  so  on  solar  rays ;  they  were  about  half  an  inch  fiom 
in  proportion.  Now,  when  such  a  succession  the  commencement  of  the  red  rays ;  al  m 
of  images,  formed  l^  the  different  coloured  greater  distance  from  this  point  the  hieat 
(770) 
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to  diminiah,  but  was  yexy  pevceptibIe,eTen  at  was  continued  for  three  suocewire  days.  The 
the  distance  of  1^  inch.  He  detennined  that  same  effects  were  produced  by  inclosing  the 
the  heating  power  of  the  red  to  that  o^  the  needle  in  blae  or  green  glass,  or  wrapping  it 
gnen  rays  was  2|  to  1,  and  3^  to  1,  in  red  in  blue  or  green  ribandi  or  half  of  the  needle 
to  viold.  He  afterwards  made  experiments  being  always  covered  with  paper, 
to  collect  those  invisible  caloric  rays,  and  One  of  the  most  carious  discoveries  of  mo- 
caused  them  to  act  independently  of  the  lig^t,  dem  times,  in  reference  to  the  solar  spectrum, 
from  which  he  concluded  that  they  are  suffi-  is  that  of  Fraunhofer,  of  Munich,  one  of  the 
cient  to  account  for  all  the  efifects  produced  by  most  distinguished  artists  and  opticians  on  the 
the  solar  rays  in  exciting  heat ;  that  they  are  Continent.*  He  discovered  that  the  spectrum 
capable  of  passing  through  gldss,  and  of  being  is  covered  with  dark  and  coloured  lines,  pa- 
Tefiracted  and  reflected,  after  they  have  been  rallel  to  one  another,  and  perpendicular  to  the 
linally  detached  from  the  solar  beam.  length  of  the  spectrum :  and  he  counted  no 

M.  Ritter  of  Jena,  Wollaston,   Beckman,   less  than  690  of  these  lines.    In  order  to  ob- 
and  others,,  have  found  that  the  rays  of  the   serve  these  lines,  it  is  necefuaiy  to  use  prisms 
spectrum  are  possessed  of  certain  chemical  of  the  most  perfect  construction,  of  very  pure 
properties;  that  beyond  the  least   brilliant   glass,  fiee  of  veins,  to  exclude  all  extraneous 
extremity,  namely,  a  tittle  beyond  the  violet   lig^t,  and  even  to  stop  those  rays  which  form 
ray^  there  are  invisibU  rays,  which  act  chemi-   the  coloured  ^laoes  which  we  are  not  examin- 
eally,  while  they  have  neither  the  power  of   hig.    It  \m  necessary,  also,  to  use  a  magnify- 
heating  nor  illuminating  bodies.    Muriate  of   ing  instrument,  and  the  li^t  must  enter  and 
silver,  exposed  to  the  action  of  the  red  rays,   emerge  from  the  prism  at  equal  angles.    One 
becomes  blackish ;  a  greater  effect  is  produced   of  the  important  practical  results  of  this  dis- 
by  the  yellow ;  a  still  greater  by  the  violet,   covery  is,  that  those  lines  are  fixed  points  in 
and  the  greatest  of  all  by  the  invisible  rays   the  spectrum,  or  rather,  that  they  have  always 
beyond  the  violet.    When  phosphorus  is  ex-   the  same  position  in  the  coloured  spaces  in 
posed  to  the  action  of  the  invisible  rays  be-   which  they  are  found.    Fraunhofer  likewise 
yond  the  red,  it  emits  white  fumes,  but  the   discovered,  in  the  spectrum  produced  by  the 
invisible  rays  beyond  the  violet  extinguish   light  of  Yenus^  the  same  streaks  as  in  the 
them.  The  influence  of  these  rays  is  daily  seen   solar  spectrum;  in  the  spectrum  of  the  light 
in  the  change  produced  upon  vegetable  colours,   of  Sirius  he  perceived  three  large  streaks, 
which  &de  when  frequently  exposed  to  the   which,  according  to  appearance,  had  no  re- 
direct influence  of  the  sun.     Whatever  object   semblance  to  those  of  tiie  light  of  tiie  sun; 
they  are  destined  to  accomplish  in  the  general   one  of  them  was  in  the  green,  two  in  the  blue, 
economy  of  nature  is  not  yet  distinctly  known ; 

we  cannot,  however,  doubt  that  fhey  are  essen-  *  Fraunhofer  was,  lo  the  highest  sense  of  the 
♦;.tw  »A^n;««A  ♦«  «.k*;^n<i  «w^.><»a.  /»!.;««.  <•«•  word,  an  optician^  on  original  discoverer  in  the 
tially  requisite  to  various  procewes  going  for-    moat  absiruae  and  delicate  departments  of  this 

w^d  in  the  material  system.  And  we  know  science,  a  competent  mathematician,  an  admirable 
&at  not  only  the  comfbrt  of  all  the  tribes  of    mechanist,  and  a  man  of  a  truly  philosophical 

the  lm„g  woria.  but  the  very  erirteno.  of  the  ':Z^^'X.A  ^L'^'b'.tjr.'SVif.C'n'^ 
animal  and  vegetable  creation  depends  upon  facturing  establishment  to  the  direction  of  the 
the  unremitting  agency  of  the  ecJorifte  rays,     optieml  department  of  the  business,  in  which  he 

It  h«  Ukewi*  been  Utely  di«<,v««J  that  .^r.tp'l.l'd'7hT^h"."p«°we'?V/hr,SK^^^^ 

certain  rays  of  the  spectrum,  particularly  the  perfection  of  the  achromatic  telescope,  the  defects 

moletfpossessthe  property  of  eommunicatinff  of  which,  in  reference  to  the  optical  properties 

*/,M  •»;«»Mi>/.*i.  ^^f,^    TUt^ lu^nm^i^hi*,: rxe "Qr^T  ^f  ^*»«  materials  used,  he  attempted  to  remedy; 

the  magnetic  power.  Mr.  MoncAtm  of  Rome,  and,J)ya  series  of  admirable  experiments,  mfd 

appeara  to  have  been  the  first  who  found  that  ceeded  in  giving  to  optical  determinations  the  pre- 

the  violet  rays  of  the  spectrum  had  this  pro-  cision  of  astronomical  observations,  surpassing  in 

n.1.*^      Til*  «««-u   ^f  k;«  Ao-TwinmAMf.  kVi-,  'h^  respect  all  who  had  gone  before  him,  except, 

perty.     The  result  of  his  expenments,  how-  pcrhapslthe  illustrious  Newton.    It  was  in  the 

ever,  was  involved  m  doubt  till  it  was  esta-  course  of  these  researches  that  he  was  led  to  the 

blished  by  a  series  of  experiments  instituted  important  discovery  of  the  dark  lines  which  oc- 

K-r  Mm     o -'»-    -,v^«  ntt.»A  Im  an.  «.»n  ©ur  In  the  solar  spectrum.    His  achromatic  tele- 

by  Mrs.  Soniennlk,  whose  name  is  so  weD  ^^^^^  „^  .catteVed  over  Europe,  and  are  the 

known  m  the  scientific  world.     This  lady  largest  and  best  that  have  hitherto  been  eon- 

having  covered  half  a  sewing-needle,  about  structed.  ffe  died  at  Munich,  at  a  premature  age, 

•n   ;n/.k  i/^n/»  »;*u  na*iA»    oKa  A'^rwnaail  *Ka  lu  1828 ;  hls  dssth,  it  is '  sald,  being  accelerated 

an  mch  long,  with  paper,  she  exposed  the  y^   ^^  unwholesoiie  nature  of  the  proce m. 

other  half  for  two  hours  to  the  violet  rays,  ployed  in  his  glass-house ;  leaving  behind  him  a 

The  needle  had  then  acquired  north  polarity,  rcpuution  rarely  attained  by  one  so  young.    His 

TK«  \r%Ai*^  M«.  Tv^rJinLjk    ««ik.*i«fKA  oom^i  memolf  "  On  the  refrsctive  sud  dispersive  PowcT 

TJe  indi^  rays  produced   neariy  the  same  ^^  ^^^  different  Species  of  Glass,  in  reference  to 

eflect ;  and  the  blue  and  green  rays  produced  the  Improvement  of  Achromatic  Telescopes,  and 
it  in  a  still  less  degree.  In  the  yellow,  orange,  sn  Account  of  the  Unes  of  the  Spectrum,"  will 
red,  «.d  m^le  n.,.  no  magnetic  influe«e  ^.^^J:^^^,.  "l^^nH^'^^'^^X 
was  exhibited,  even  though  the  experiment   1838-4. 
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The  ttMn  ippev  lodifler  from  one  uiothariii  point  all  that  put  of  (he  hotid  Uack  irtiidi 
their  Mredra.  The  electric  tight  diSen  Teiy  lua  wilhin  tho  inner  ciide;  and,  patting  u 
mQch  from  the  light  of  tbe  ran  and  that  of  *  uia  through  the  centro  of  the  boaiil,  let  it  be 
Ump  in  legard  to  the  atnakjof  the  ^KctrunL  tunted  nriftly  round  that  aiia,  ao  thai  Iha 
■■  Thii  eipeiiment  mn;  alao  be  nlmde,  though  nji  proceeding  from  the  aboTe  Falonn  mij 
in  an  impuJecl  manner,  by  viewing  a  nanov  be  all  blendetl  and  mixed  together  in  comiDg 
aljt  bctwoen  two  neailj  doaed  nindow-Aul-  la  tbe  eye.  Then  the  whole  coloored  put 
ten  through  ■  veij.  eiccQenl  glaa  prism,  nill  appear  like  a  white  ring  a  little  gnjiih — 
held  close  to  the  «je,  with  the  refiacting  ingle  not  perfecU  j  white,  because  no  art  ran  pce- 
parallel  to  the  line  of  light.  When  the  apeo-  pare  or  lay  on  perfect  cnloiua,  in  all  ihur 
Irum  ia  formed  by  the  aun'a  raja,  either  diniet  delicate  abadea,  a*  found  in  the  real  ■pcdnun. 
or  indirect,  u  from  the  iikj,  cjouda,  raiDbovr,  That  all  the  cidoun  of  light,  whpii  blended 
moon,  or  planela,  the  Uaclt  banda  are  ahvay*  together  in  their  proper  praportiona,  produce 
found  to  be  in  the  aame  parts  of  tiie  apectruiD,  a  pure  tohilt,  i*  rendered  certain  tiy  the  fili- 
al'd  nnder  all  circomatancH  to  maintain  the  lowing  experiroent:  Take  a  lar^  godtci 
nme  relatlTe  pocitiou,  breadth,  and  inleiui-  glaaa,  and  place  it  in  the  room  of  the  paper 
Itea."  or  scieen  on  which  the  aolai  apectruDi  wai 

From  what  baa  been  aUtsd  in  rejioence  (o  depicted  (L  M,  fig.  31 ;)  the  gtaaa  win  miiie 
the  aohr  iprclrtuo,  it  will  mdentlj  appear  aU  the  !■;■  wbich  coaw  from  tbe  priai^  if  a 
ttwt  white  li^t  ta  nothing  eiae  than  a  com-  paper  ia  plaoed  to  receive  them,  and  joa  will 
pound  of  all  the  priamaCic  coloura ;  and  thi*  aeo  a  dreulai  apot  of  a  pure  lirelj  while, 
may  be  Btill  liirther  illuatrated  by  ahowing  that  Tbe  rayi  will  cioaa  each  other  in  (be  fonu 
tbe  seven  primarj  cokrura,  when  again  put  of  the  glaaa,  and,  if  the  paper  be  removed  a 
togi^bor,  iccompoae  white  light.  Thia  may  be  little  further  from  that  poin^  you  will  aee  Itu 
n^y  prored,  for  tbe  purpoee  of  illuatratien,  priaoiatic  coloura  again  diajjayed,  but  in  an 
by  miimg  together  aevea  diilerent  powdsn,  lniett«d  order,  owing  to  tbe  croaaing  of  tha 
having  the'eokiDra  and  pn^nrtioii  of  tbe  ipec-  aya. 
tlum ;  but  the  beet  mode,  on  the  whole,  ia  the 

Ibllowing:  Let   two  circlea  be  drawn   on  a  

•mooth  round  board,  covered  with  while  paper, 

w  in  figure  34 ;  let  the  ontcrmost  ba  ^vided  Ssgtiox  n. 

Fig.  34.  Onlht  Cohurt  of  Natural  Olgtda. 

A.  From  what  baa  been  at«(Bd  above  we  m^ 

leam  tbe  true  cauae  of  Ihoae  diveraified  hoes 

eibibited  by  natinvl  and   artificial  olgeeti, 

and  •ite  variegated  colouiing  which  aj^can 

OQ  the  face  of  naUiie.    It  ia  owing  la  tbe 

'j  larboea  of  bodiei  being  diaposed  to  ttBttX 

one  colour  rather  than  another.     Wbeo  thi* 

I  diipoaition  i*  auch  Ibat  the  bod;  reSecte  eveiy 

kind  of  ray,  in  Ihe  mixed  state  in  which  it 

leceivea  tbem,  that  body  appeats  vihile  U>  m^ 

which,  properly  apFaking,  is  no  colour,  bol 

rather  the  aaaemblage  of  all  cokmrL    If  the 

o  body  has  a  filneas  to  reflect  one  sort  of  raya 

more  abundantly  than  otben,  by  abaoitiag 

into  360  equal  parts ;  then  dravr  aeven  right    all  Ibe  others,  it  vrill  appear  of  the  colour  be- 

lines,  as  A,  B,  C,  &&,  from  the  centre  lo  the   Icaiging  to  that  spedea  of  rays.    Tbui,  the 

outcrntoat  circle,  making  the  lines  A  and  B    glaaa  iasreen,  because  it  abaortw  all  Ihc  ny» 

include  SO  degreea  of  thai  circle.     The  lines    except  the  green.     It  is  Ibese  gre«n  nyi  only 

B  and  C.  40  degrees  ;  C  and  D,60;  D  and   whidi  Ibe  graaa,  the  trees  the  shrubs,  and  ^ 

ir.  60;  £andi^,  48;  Fand  G,  3Ti  Oand    Ibe  other  verdant  parta  of  the  landscape  >•- 

A,  46,    Then  betiraen  these  two  circles  paint   dect  lo  our  aight,  and  which  make  them  ap- 

the  space  A  G  red,  inclinuig  to  orange  near   pear  green.    In  the  aama  manner,  tbe  diSif- 

G\  G  F  orange,  inclinhlg  to  yellow  near  i' ;   eat  flowen  reflect  their  respective  coloira; 

F  £  yelLow.indiningto  green  near  £;  ED    the  rose,  the  red  raya;  the  violet,  thr  blue; 

psen,  inclining  to  blue  nearll;  D  C  btne,   the  jonquil,  the  ycUow ;   the  muigoU  (be 

mcHnuig  lo  indigo   near  C;  C  B  indigo,  in-    onnge;  and  every  object,  whether  nahinl  or 

dining  to  riolet  near  B ;  and  B  A  violet,  tn-    artificial,  appeara  of  that  colour  which  fr  pe- 

aOning  to  a  soft  red  near  A.    Thit  done,   collar  texture  is  fitted  to  reflect,    a  fna> 
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nnmbcT  of  bodies  are  fitted  to  refiect  at  once  The  doctrine  we  are  now  ittustretzng  ia 
several  kinds  of  rays,  and,  of  consequence,  one  which  a  great  many  pensons,  espedaUj 
they  appear  under  mixed  colours.    It  may  among  the  fiiir  sex,  find  it  difficult  to  adnut 
CTen  happen  that  of  two  bodies  wiiich  should  They  cannot  conceive  it  possible  that  there  is 
be  gpreen,  for  example,  one  may  reflect  the  no  colour  really  inherent  in  their  splendid 
pure  groee  of  light,  and  the  other  the  mix-  attire,  and  no  tints  of  beauty  in  their  counta- 
ture  of  yellow  and  blue.    This  quality,  which  nances.    <*  What,"  said  a  certain  faidy,  **  are 
varies  to  infinity,  occasions  the  difierent  kinds  there  no  colours  in  my  shawl,  and  in  the 
of  rays  to  unite  in  every  possible  manner,  and  ribands  that  adorn  my  headdress,  and  are  we 
every  possible  proportion ;  and  honce  the  in-  all  as  black  as  negroes  in  the  dark  ?     I  should 
exhaustible  variety  of  shades  and  hues  xvhich  almost  shudder  to  think  of  it"    Such  per- 
nature  has  difiused  aver  the  landscape  of  the  sonis,  however,  need  be  in  no  alarm  at  the 
world.    When  a  body  absorbs  nearly  all  the  idea,  but  may  console  themselves  with  the 
Eght  which  reaches  it,  that  body  appears  reflection  that,  when  they  are  stripped  of  aU 
black  !  it  transmits  to  the  eye  so  few  reflected  their  coloured  ornaments  in  the  daifc,  they  are 
rays  that  it  is  scarcely  perceptible  in  itself  certain  that  they  wiU  never  be  seen  by  any 
and  its  presence  and  form  make  no  impres-  one  in  that  state ;  and  therefore  there  is  no 
sion  upon  us,  unless  as  it  interrupts  the  reason  to  regret  the  temporary  loss  of  those 
brightness  of  the  surroundmg  space.  Black  is,  beauties  which  light  creates,  when  they  then^ 
therefore,  the  absence  of  all  the  coloured  rays,  selves,  and  all  surrounding  objects,  are  irwi- 
It  is  evident,  then,  that  all  the  various  aa-  tibk.    But,  to  give  a  still  mors  palpable 
semblages  of  colours  which  we  see  in  the  ob-  proof  of  this  position,  the  following  popular 
jects  around  us  co-e  not  in  the  bodies  them-  experiments  may  be  stated : 
sehes,  but  in  the  light  which  fells  upon  them.  Take  a  pint  of  common  spirit  and  pour  it 
There  is  no  colour  inherent  in  the  grass,  the  into  a  soup  dish,  and  then  set  it  on  fire ;  as  it 
trees,  the  firuits,  and  the  flowers,  nor  even  in  begins  to  blaze,  throw  a  handful  of  salt  into 
the  most  splendid  and  variegated  dress  that  the  burning  spirit,  and  keep  stirring  it  with  a 
adorns  a  lady.    All  such  objects  are  as  desti-  spoon.    Several  handfuls  may  thus  be  suc- 
tute  of  colour,  in  themselves,  as  bodies  which  cessively  thrown  in,  and  then  the  spectators, 
axe  placed  in  the  centre  of  the  earth,  or  as  the  standing  around  the  flame,  will  see  each  other 
chaotic  materials  out  of  which  our  globe  was  fiightfuUy  changed,  their  colours  being  altered 
formed  before  light  was  created ;  for,  where  into  a  ghasdy  blackness,  in  consequence  of 
there  is  no  light,  there  is  no  colour.    Every  the  nature  of  the  light  whidi  fells  upon  them, 
object  is  black,  or  without  colour,  in  the  dark,  which  produces  colours  very  different  £rom 
and  it  only  appears  coloured  as  soon  as  light  those  of  the  solar  light    The  following  expe- 
rendera  it  visible.    This  is  further  evident  riment,  as  described  by  Sir  D.  Brewster,  illua- 
from  the  following  experiment:  If  we  place  a  trates  the  same  principle:  **  Having  obtained 
coloured  body  in  one  of  the  colours  of  the  the  means  of  illuminating  any  apahment  with 
spectrum  which  is  formed  by  the  prism,  it  ap-  yeilow  Hght,  let  the  exhibition  be  made  in  a 
pears  of  the  colour  of  the  rays  in  which  it  is  room  with  furniture  of  various  bright  colours^ 
placed.    Take,  for  example,  a  red  rose,  and  and  with  oil  or  water«oloured  paintings  on 
expose  it  first  to  the  red  rays,  and  it  will  ap-  the  wall.    The  party  which  is  to  witness  the 
pear  of  a  more  brilliant  ruddy  hue ;  hold  it  in  experiment  should  be  dressed  in  a  diversity 
the  blue  rays,  and  it  appears  no  longer  red,  of  the  gayest  colours,  and  the  brightest  co- 
but  of  a  dingy  blue  colour,  and  in  like  man-  loured  flowers  and  highly  coloured  drawings 
ner  its  colour  will  appear  different  when  should  be  placed  on  the  tables.    The  room 
placed  in  all  the  other  differentiy-coloured  being  at  first  lighted  with  ordinary  lights,  the 
rays.    This  is  the  reason  why  the  colours  of  bright  and  gay  colours  of  every  t^ing  that  it 
objects  are  essentially  altered  by  the  nature  contains  will  be  finely  displayed.  If  the  white 
of  the  light  in  whid!k  they  are  seen.    The  lights  are  now  suddenly  extinguished,  and 
colours  of  ribands,  and  various  pieces  of  silk  the  yellow  lamps  lighted,  the  most  appalling 
or  woollen  stu^  are  not  the  same  when  metamorphosis  will  be  exhibited.    The  as- 
viewed  by  candlelight  as  in  the  daytime.  In  tonished  individuals  will  no  longer  be  able  to 
the  light  of  a  candle  or  a  lamp,  blue  often  ap-  recognize  each  other.    All  the  furniture  of 
pevs  green,  and  yellow  objects  assume  a  the  room,  and  all  the  objects  it  contains,  will 
whitish  as^iect    The  reason  is,  that  the  light  exhibit  only  one  colour.    The  flowers  will 
of  a  candle  is  not  so  pure  a  white  as  that  of  lose  their  hues ;  the  paintings  and  drawings 
the  sun,  but  has  a  yellowish  tinge,  and  there-  will  appear  as  if  they  were  executed  in  China 
fore,  when  refiUcted  by  the  prism,  the  yellow-  ink,  and  the  gayest  dresses,  the  brightest 
iah  rays  are  ^tmd  to  predominate,  and  the  scarlets,  the  purest  lilacs,  the  richest  blues, 
Mperabnndanoe  of  yellow  rays  gives  to  blue  and  the  most  v^vid  greens,  will  all  be  con- 
a  greenish  hue.  verted  into  one  nMuotonous  yellow.    The 
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eomplexions  of  the  partfes,  too,  w31  gufkr  a  eastern  and  wentem  fronts  of  while  boildinga. 

cortcflponding  change.    One  pallid  death-Uke  St.  Paul's  Church,  in  London,  is  fiequenflj 

yellow,  Been,  at  sunset,  tinged  with  a  very  consaderaUe 

-  .^  .^          ^      ,  .  degree  of  redneas ;  and  the  same  cause  occa- 

Like  the  ttonatural  hue  •        ..                .                          jj        «         v- 

Which  aotumii  painu  upon  the  perUhed  leaf,  «<>»«  *ne  moon  to  assume  a  mddy  colour,  by 

the  light  transmitted  through  the  atraosphexek 

will  envelope  the  young  and  the  old,  and  the  From  such  atmospherical  refractions  and  re- 

aaUow  face  will  alone  escape  from  the  mcta-  flections  are  produced  those  rich  and  beautiful 

morphosis.     Each  individual  derives  merri-  hues  with  which  our  sky  is  gilded  by  the  sct- 

ment  from  the  cadaverous  appearance  of  his  ting  sun,  and  the  glowing  red  which  tinges 

neighbour,  without  being  sensible  that  he  is  the  morning  and  e%*ening  -douds,  till  their 

one  of  the  ghastly  assemblage."  ruddy  glare  is  tempered  by  the  purple  of  twi- 

From  such  experiments  as  these  we  might  light,  and  the  reflected  azure  of  the  «ky. 

conclude  that,  were  the  solar  rays  oi  a  very  When  a  direct  spectrum  is   thrown  on 

different  description  from  what  they  are  now  colours  darker  than  itself,  it  mixes  with  them, 

found  to  be,  the  colours  which  emliellish  the  as  the  yellow  spectrum  of  the  setting  sun, 

&ce  of  nature,  and  the  whole  scene  of  our  thrown  on  the  green  grass,  becomes  a  greener 

sublunary  creation,  would  assume   a   new  yellow.  But  when  a  direct  iqpectrum  is  thrown 

aspect,  and  appear  very  different  from  what  on  colours  brighter  than  itself  it  becomes  in- 

we  now  behold  around  us  in  every  landscape,  stantly  changed  into  the  reverse  spectmm, 

We  find  that  the  stars  display  great  diversity  which   mixes  with   those   brighter   coloorSi 

of  colour,  which  is  doubtless  owing  to  the  Thus  the  yellow  spectrum  of  the  setting  sun, 

different  kinds  ot  light  which  are  emitted  from  thrown  on  the  luminous  sky,  becomes  blue, 

those  bodies ;  and  hence  we  may  conclude  and  changes  with  the  colour  or  brightnesi  of 

that  the  colouring  thrown  upon  the  various  the  clouds  on  which  it  appears.  The  red  ptit 

objects  of  the  universe  is  different  in  every  of  light  being  capable  of  struggling  throogfa 

diflerent  system,  and  that  thus,  along  with  thick  and  resisting  mediums  which  intercept 

other  arrangements,  an  infinite  variety  of  co-  all  other  colours,  is  likewise  the  cause  why 

louring  and  of  scenery  is  distributed  through-  the  sun  appears  red  when  seen  through  a  fog; 

out  the  immensity  of  creation.  why  distant  light,  though  transmitted  through 

The  atmospherej  in  consequence  of  its  dif-  blue  or  green  glass,  appears  red ;  why  lamps 

ferent  refractive  and  reflective  powers^  is  the  at  a  tlistance,  seen  through  the  smoke  of  a 

source  of  a  variety  of  colours  which  frequently  long  street,  are  red,  while  those  that  an  near 

embellish  and  diversify  the  aspect  of  our  sky.  are  white.    To  the  same  cause  it  is  owing 

The  air  reftedt  the  blue  rays  most  plentifully,  that  a  diver  at  the  bottom  of  the  sea  is  sor* 

and  must  therefore  transmit  the  red,  orange,  rounded  with  the  red  light  which  has  paeroed 

and  yellow  more  copiously  than  the  other  through  the  superincumbent  fluid,  aild  that 

rays.    When  the  sun  and  other  heavenly  the  blue  rays  are  reflected  from  theturfact 

bodies  are  at  a  high  elevation,  their  light  is  of  the  ocean.    Hence  Dr.  Halley  informs  os 

transmitted  without  any  perceptible  change ;  that,  when  he  was  in  a  diving  bell  at  the  bo^' 

but  when  they  are  near  the  horizon,  their  tom  of  the  sea,  his  hand  always  appeared  red 

light  must  pass  through  a  long  and  dense  in  the  water. 

track  of  air,  and  must  therefore  be  consider-  The  blue  rays,  as  already  noticed,  being 

ably  modified  before  it  reach  the  eye  oi  the  unable  to  resist  the  obstructions  they  meet 

observer.    The  momentum  of  the  red  rays  with  in  their  course  through  the  atmosphere^ 

being  greater  tlian  that  of  the  violet,  will  force  are  either  reflected  or  absorbed  in  their  pas- 

their  way  through  the  resisting  medium,  while  sage.    It  is  to  this  cause  that  most  philoso- 

the  violet  rays  will  be  either  reflected  or  ab-  phers  ascribe  the  blue  colour  of  the  shft  the 

sorbed.  If  the  light  of  the  setting  sun,  by  thus  faintness  and  obscurity  of  distant  objects,  and 

passing  through  a  long  track  of  air,  be  divested  the  bright  azure  which  tinges  the  mountains 

of  the  green,  blue,  indigo,  and  violet  rays,  the  of  a  distant  landscape, 
remaining  rays  which  are  transmitted  through 

the  atmosphere  will  illuminate  the  western  — — 
clouds,  first,  with  an  orange  colour,  and  then, 

as  the  sun  gradually  nnks  into  the  horizon,  Sectiok  m. 
the  tcack  through  which  the  rays  must  pass 

becoming  longer,  the  yellow  and  orange  are  Phenomena  of  the  Hamhow. 
reflected,  and  the  clouds  grow  more  deeply 

redt  till  at  length  the  disappearance  of  the  sun  Since  the  rays  of  light  are  found  to  ne  de- 
leaves them  of  a  leaden  hue,  by  the  reflection  composed  by  refracting  surfaces,  and  reflected 
of  the  blue  light  through  the  air.  Similar  in  an  infinite  variety  of  modes  and  sbsdea  of 
changes  of  colour  are  sometimes  seen  on  the  colour,  we  need  not  be  sunnrised  at  the  changes 
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produced  in  any  aceii«  or  object  by  the  inter- 
veDtion  of  .anotber,  and  by  the  numeroua 
modifications  of  which  the  primaiy  coloura 
of  natare  are  raaceptible.  The  vivid  colours 
which  gild  the  rising  and  the  setting  sun  must 
necessarily  differ  from  those  which  adorn  its 
noonday  splendour.  Variety  of  atmoapheric 
scenery  will  thus  necefl||pily  be  produced, 
greater  than  the  most  fively  fancy  can  well 
imagine.  The  clouds  will  sometimes  assume 
the  most  fantastic  forma,  and  at  other  times 
will  be  irradiated  with  beams  of  light,  or, 
covered  with  the  darkest  hues,  will  assume  a 
lowering  aspect,  prognostive  of  the  thunder's 
nMur  and  the  lightning's  flash,  all  in  accordance 
with  the  dififerent  rays  that  are  reflected  to  our 
eyes,  or  the  quantity  absorbed  by  the  vapours 
which  float  in  the  atmosphere. 

Light,  which  embelhshes  with  so  much 
magnificence  a  pure  and  serene  sky,  by  means 
of  innumerable  bright  starry  orbs  which  are 
spread  over  it,  sometimes,  in  a  dark  and 
cloudy  sky,  exhibits  an  ornament  which,  by 
its  pomp,  splendour,  and  variety  of  colours, 
attracts  the  attention  of  every  eye  that  has  an 
opportunity  of  beholding  it  At  certain  times, 
when  there  is  a  shower  either  around  uIb,  or  at 
a  distance  from  us  in  an  opposite  quarter  to 
that  of  the  sun,  a  specietf  of  arch  or  bow  is 
seen  in  the  ^y,  adorned  with  all  the  seven 
primary  colours  of  light  This  phenomenon, 
which  is  one  of  the  most  beautiful  meteors  in 
nature,  has  obtained  the  name  of  the  Raibt- 
Bow.  The  rainbow  was,  for  ages,  considered 
as  an  inexplicable  mystery,  and  by  some  na- 
tions it  was  adored  art  a  deity.  Even  after 
the  dawn  of  true  philosophy,  it  was  a  con- 
siderable time  before  any  discovery  of  import- 
ance was  made  as  to  the  true  causes  which 
operate  in  the  production  of  this  phenomenon. 
About  the  yeai  1571,  M.  Fletcher,  of  Breslau, 
made  a  certain  approximation  to  the  discoveiy 
of  the  true  cause,  by  endeavouring  to  account 
for  the  colours  of  the  rainbow  by  means  of  a 
double  refraction  and  one  reflection.  A  nearer 
approximation  was  made  by  Antonio  de  Domi- 
nis,  bishop  of  Spalatro,  about  1601.  He  main- 
tained that  the  double  refraction  of  Fletcher, 
with  an  intervening  reflection,  was  sufficient 
to  produce  the  colours  of  the  bow,  and  also  to 
bring  the  rays  that  formed  them  to  the  eye  of 
the  spectator,  without  any  subsequent  reflec- 
tion. To  verify  this  hypothesis,  he  procured 
a  small  globe  of  solid  glass,  and  viewing  it 
when  it  was  exposed  to  the  rays  of  the  sun, 
with  his  back  to  that  luminary,  in  the  same 
manner  as  he  had  supposed  the  drops  of  rain 
were  situated  with  respect  to  them,  he  ob- 
served the  same  colours  which  he  had  seen  in 
the  rainbow,  and  in  the  same  order.  But  he 
could  give  no  good  reason  why  the  bow  should 
be  coloured,  and,  much  less,  any  satisfactory 
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account  of  the  order  in  which  the  colours 
appear.  It  was  not  till  Sir  I.  Newton  dis- 
covered the  different  refrangibiHty  of  the  rays 
of  light  that  a  complete  and  satisfactory  ex- 
planation could  be  given  of  all  the  circum- 
stances connected  with  this  phenomenon. 

As  the  fun  elucidation  of  this  subject  in- 
volves a  variety  of  optical  and  mathematical 
investigations,  I  shall  do  little  more  than  ex* 
plain  the  general  principle  en  which  the  pro- 
minent phenomena  of  the  rainbow  may  be 
accounted  for,  and  some  of  the  facts  and 
results  which  theory  and  observation  have 
deduced. 

We  have  just  now  alluded  to  an  experiment 
with  a  glass  globe :  If,  then,  we  take  either  a 
solid  glass  globe,  or  a  hollow  globe  filled  with 
water,  and  suspend  it  so  high  ill  the  solar 
rays  above  the  eye  that  the  spectator,  with 
his  back  to  the  sun, can  see  the  globe  red;  if 
it  be  lowered  slowly,  he  will  see  it  orange, 
then  yellow,  then  green,  then  blue,  thenindigo,* 
and  dien  violet ;  so  that  the  drop,  at  diflerent 
heights,  shall  present  to  the  eye  the  seven 
primitive  colours  in  succession.  In  this  case, 
the  globe,  from  its  form,  will  act  in  some 
measure  like  a  prism,  and  the  ray  will  be 
separated  into  its  component  parts.  The 
following  figure  will  more  particularly  ilhis- 
trata  this  point    Suppose  A   (fig.  35)   to 

Fig.  35. 
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represent  a  drop  of  rain — ^which  may  be  con- 
sidered as  a  globe  of  glass  in  miniature,  and 
will  produce  the  same  effect  on  the  rays  of  light 
— ^and  let  S  d  represent  a  ray  from  the  sun  bill- 
ing upon  ^e  upper  part  of  the  drop  at  n.  At 
the  point  of  entering  the  drop  it  will  suffer  a 
refraction,'  and,  instead  of  going  forward  to  c, 
it  will  be  bent  to  ir.  From  v  a  part  of  the 
light  will  be  reflected  to  a — some  part  of  it 
will,  of  course,  pass  through  the  drop.  By 
the  obliquity  with  which  it  &ll8  on  the  side 
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of  die  drop  it  4^  QM  part  becmuM  i  kind  of  For  the  flirtliai  illiutnitioiu  of  Oat  ndjed. 
pium,  and  lepvUia  the  raj  mle  iU  piimiliTg  we  mtj  iutrodnce  Ihe  fbllowiiis  lecticin  of  ■ 
coloun.  It  u  found  by  compuUtion,  that  ■  bow  (fig.  36,)  and,  la  older  to  ftewait  eoo> 
alUr  a  n;  haa  auQerod  two  rcfnctioiu  and 

ODS  nflection,  aa  here  npreocutsd,  Ibe  leai*  Fig'  3S. 

refrangihli  part  of  it,  nwnelj,  the  red  mj,  I 

vill  make  an  angle  villi  the  incident  aolar 
ray  of  42"  y,  »«  S  F  n ;  and  the  tiolet,  or 

greatest  refrangible  ray,  nill  malts,  with  the  I 

•olaT  lay,  an  angle  of  40°  1 T',  aa  iS  c  «, ;  nod 
thiia  all  the  pniticlea  of  water  within  the  dif- 
feienco  of  tboae  two  angles  namely,  1°  iff 
(nippoaing  the  ray  to  proceed  merely  from 
the  centre  of  the  aun,)  will  eihibit  BeTera% 
Hm  coloun  ai  the  priam,  and  oonititute  ttu 
initriar  bow  of  the  cloud.  Thii  hold*  good 
■t  nbaterct  height  the  aun  may  chance  to  be 
in  a  ahower  id  rain.  If  he  be  at  a  high  alti- 
tude, the  rainbow  if  ill  be  low ;  if  he  be  at  ■ 
low  elevation,  tlie  rainbow  muat  be  high ;  and 
if  a  ahower  happen  in  a  vale,  when  the  apec 
tatar  ia  on  a  oiauntain,  he  will  Bometimea  lee 
Ihe  bow  in  the  form  of  a  eompkle  ciivk  be- 
low him.  We  have  at  present  deacribed  the 
phenomena  only  of  a  single  drop  i  but  it  ia  to 
be  cotuidered  that  in  a  shower  of  rain  there 

•re  dropi  at  all  heighte  and  at  all  djatancea,  Ihaon  in  attompting  to  npnaeirt  all  ttie  diF 
and  therefore  the  eye  aituated  at  s  will  aea  lerent  colouia,  kt  ui  (uppoae  only  three  dn>|a 
■11  the  ditlerent  coloun.  All  thoae  diopa  that  of  rain,  and  tliree  Bifietent  cdonn,  ■■  dipwn 
■re  in  ■  certain  poution  with  req>eet  to  the  in  the  figure.  I^e  apectatw,  O,  being  in  the 
■pedator  will  reflect  the  red  raya,  all  thoae  in  centre  of  the  two  bowa  here  represented — the 
the  netl  Btalioa  the  orange,  thoae  in  the  next  plane*  of  which  muat  be  conodered  aa  pei^ 
the  green,  and  to  on  with  regard  to  all  the  pendieular  to  hia  view— the  dropa  A,  B,  and 
other  colours.  C  produce  part  of  the  interior  bow  by  two 

It  appeara,  then,  that  the  Grat  or  piimaiy  refracliona  and  one  reflecCioo,  ai  Uled 
bow  ia  formed  by  two  refractionB  and  one  to-  beitue,  and  the  drope  D,  E,  F  will  jiradDEa 
flection ;  but  there  ia  frequently  a  second  bow  the  eiteiior  bow  by  two  refiactioD*  and  two 
on  the  outaide  of  the  other,  which  ii  con-  reflectiona,  the  aun's  raya  being  lepreeetrtol 
■iderably  fainter.  Tbia  is  produced  by  drops  by  3,  3.  It  is  evident  that  &e  angle  COP 
of  rain  sboie  the  drop  we  bavo  auppoaed  at  ii  less  than  the  angle  BOP,  and  that  Ilr 
A.  If  B  (Gg.  35)  repreeent  one  of  those  angle  vl  O  P  is  the  grealeat  of  the  thim 
drops,  the  ray  to  be  sent  to  the  eye  enlen  the  The  largest  angle,  then,  is  ibriDed  by  the  nd 
drop  near  the  bottom,  and  BufTeca  lioo  rejrac-  raja,  the  middle  one  conaiata  of  iha  grefa, 
tion*  and  lum  rt^ectioiu,  by  which  mcajia  and  the  amallost  the  ptirple  or  tiolet.  AS 
Ihe  cdours  become  reversed,  that  is,  the  liolat  tha  drops  of  rain,  therefore,  that  happen  to  he 
is  lowest  in  the  exterior  bow,  and  the  red  is  in  a  certain  position  with  respect  to  the  spec- 
lowest  in  the  mJcrior  one,  and  the  other  talor's  eye,  will  reflect  the  red  rvya,  and  liinn 
colours  are  reversed  accordingly.  The  ray  a  baud  or  aemicnrcle  of  red,  arid  bo  of  Ow 
T  is  lelracled  at  b  :  a  port  of  it  it  rcdeclud  other  colours  rrom  dropa  in  other  posilimb 
liom  a  to  T,  and  at  T  it  suflers  another  refleo-  If  Uie  spectator  alleia  hii  alatioD,  he  will  see 
tion  Irom  t  to  c.  At  the  points  a  and  t  a  bow,  but  not  the  same  aa  before ;  and  if 
part  of  the  ray  ptutet  through  the  drop,  on  tharo  be  many  spectators,  they  will  esdi  He 
account  itf  its  transparency,  lownrda  w  end  a  diSerent  bow,  thmgh  it  appean  to  be  tbe 
X,  and  therefore  we  say  Huipart  only  of  the   same. 

ray  is  reflected.  By  these  losses  and  reflec-  The  rainbow  «— iimn«  a  teimeirtubr  ap- 
tiona  Ihe  exterior  bow  becoioes  biat  and  ill-  pearance,  becaase  it  is  only  at  certain  an^ea 
defined  in  compariaon  of  the  interior  or  pii-  that  the  refracted  raya  are  vteifale  to  oar  tjft 
mary  bow.  In  thia  caae  the  upper  part  of  ai  is  avidonl  from  the  experiment  of  the  glaa 
the  aecondaiy  bow  will  not  be  seen  when  the  globe  formerly  alluded  to,  which  wiM  leftaet 
•un  is  above  54°  1 V  above  the  horizon,  and  the  rays  only  in  a  certain  posilioo.  We  bin 
the  lower  part  of  Ihe  bow  will  not  be  seen  already  stated  that  the  red  rays  nake  ■■ 
when  the  sun  is  60°  5 H'  above  the  horiion^  angle  of  43°  3',  and  the  Tiolet  an  angle  of  10° 
(TJB) 
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IT'.  Now)  if  a  Kne  be  drawn  horizontallj  canOnaUy  seen  on  the  grass  in  the  moming 
from  the  spectator's  eye,  it  is  evident  that  dew,  and  likewise  when  the  hoarfirost  is  de- 
angles  formed  with  this  line,  of  a  certain  di-  scending.  Dr.  Langwith  once  saw  a  bow 
mension,  in  every  direction,  will  produce  a  lying  on  the  ground,  the  coloui»  of  which 
circle,  as  will  appear  by  attaching  a  cord  of  a  were  almost  as  lively  as  those  of  a  common 
given  length  to  a  certain  point,  round  which  rainbow.  It  was  not  round,  but  oblong,  and 
it  may  torn  as  round  its  axis;  and,  i» every  was  extended  several  hundred  yards.  The 
point,  will  describe  an  angle  with  the  horizon-  colours  took  up  less  space,  and  were  much 
tal  line  of  a  certain  and  determinate  extent  more  lively  in  those  paorts  of  the  bow  which 

Sometimes  it  happens  that  three  or  more  were  near  him  than  in  those  tvhich  were  at  a 

bows  are  visible,  though  with  difiercnt  degrees  distance.     When  M.  Labillaidiere  was  on 

of  distinctness.    I  have  more  than  once  ob-  Mount  Teneriflfe,  he  saw  the  contour  of  his 

served  this  phenomenon,  particularly  in  Edin-  body  traced  on  the  douds  beneath  him  in  all 

burgh,  in  the  month  of  August,  1826,  when  the  colours  of  the  solar  bow.    He  had  pr&* 

Aree  rainbows  were  distinctly  seen  in  the  viously  witnessed  this  phenomenon  on  the 

same  quarter  of  the  sky,  and,  if  I  recollect  Kesrouan,  in  Asia  Minor.    The  rainbows  of 

rights  a  fragment  of  a  fourth  made  its  appear-  Greenland  are  said  to  be  frequently  of  a  pde 

ance.    Thu  happenj  when  the  rays  suffer  a  white,  fringed  with  a  brownish  yellow,  arising 

third  or  fourth  reflection ;  but  on  account  of  from  the  rays  of  the  sun  being  reflected  from 

the  light  lost  by  so  many  reflections,  such  bows  a  froaen  cloud, 
are,  1^  the  most  part,  altogether  imperceptible.       The  following  is  a  summary  view  of  the 

If  there  were  no  ground  to  intercept  the  principal  hcts  which  have  be^  ascertained 

iBin  and  the  view  of  ^e  observer,  the  rainbow  respecting  the  rainbow :  1.  The  rainbow  can 

would  form  a  complete  evrele,  the  centre  of  only  be  seen  when  it  rains,  and  in  that  point 

which  is  diametrically  opposite  to  the  sun.  of  the  heavens  which  is  opposite  to  the  sun. 

Such  circles  are  sometimes  seen  in  the  spray  9.  Bo^  the  primary  and  secondaiy  bows  are 

of  the  sea  or  of  a  cascade,  or  from  the  tops  variegated  with  all  the  prismatic  colours — the 

of  lofty  mountains,  when  the  showers  happen  red  being  the  highest  colour  in  the  primary,  or 

in  the  vales  below.    Rainbows  of  various  de-  brightest  bow,  and  the  violet  the  highest  in  the 

seriptions  are  frequently  observed  rising  amid  exterior.     3.  The  primary  rainbow  can  never 

the  spray  and  exhalations  of  wateifolls,  and  be  a  jgfreater  arc  than  a  semicircle ;  and,  when 

among  the  waves  of  the  sea,  whose  tops  are  the  sun  is  set,  no  bow,  ft  ordinary  drcum- 

blown  by  the  wind  into  small  drops.    There  stances,  can  be  seen.    4.  The  breadth  of  the 

ts  one  regularly  seen  when  the  sun  is  shining,  inner  or  primary  bow^-supposing  the  sun  but 

and  the  spectator  in  a  proper  position,  at  the  a  point-^  l^  46^,  and  the  breadth  of  the  e^- 

faU  of  Staubback,  in  the  bosom  of  the  Alps;  terior  bow  3®  12^  which  \b  nearly  twice  as 

one  near  Schaffhausen ;  one  at  the  cascade  of  gfroat  as  that  of  the  other;  and  the  distance 

Lauflen,  and  one  at  the  cataract  of  Niagam  between  the  bows  is  8^  55^.    But  since  the 

in  North  America.  A  still  more  beautiful  one  body  of  the  sun  subtends  an  angle  of  about 

is  said  to  be  seen  at  Temi,  where  the  whole  half  a  degree,  by  so  much  wlU  each  bow  be 

current  of  the  River  Velino,  rushing  from  a  increased,  and  their  distance  diminished ;  and 

steep  precipice  of  nearly  200  feet  high,  pre-  therefore  the  breadth  of  the  interior  bow  will 

sents  to  the  spectator  below  a  variegated  cir-  be  2^  15',  and  that  of  the  exterior  8^  42%  and 

cle,  overarching  the  fall,  and  two  other  bows  their  distance  8°  25^.    The   greatest  semi- 

suddenly  reflected  on  the  right  and  left  Don  diameter  of  the  interior  bow,  on  the  same 

Ulloa,  in  the  account  of  his  journeys  in  South  grounds,  will  be  42^  17%  and  the  least  of  the 

America,  relates  that  circular  rainbows  are  exterior  bow  50^  43^.   5.  When  the  sun  is  in 

firequendy  se<»:2  on  the  mountains  above  Quito  the  horiion,  either  in  the  moming  or  evening, 

in  Peru.    It  is  said  that  a  rainbow  was  once  the  bows  will  appear  complete  semidrdes.  On 

seen  near  London,  caused  by  the  exhalations  the  other  hand,  when  tiie  sun's  altitude  is 

of  that  city,  after  the  sun  had  been  below  the  equal  to  42^  2^,  or  to  64^  lO',  the  summits  of 

horizon  more  than  twenty  minutes.*  A  naval  the  bows  vrill  be  depressed  below  the  horizon, 

friend,  says  Mr.  Bucko,  informed  me  that,  as  Hence,  during  the  days  of  summer,  within  a 

he  was  one  day  watching  the  sun's  effect  upon  certain  interval  each  day,  no  visible  rainbows 

the  exhalations  near  Juan  Fernandez,  he  saw  can  be  formed,  on  account  of  the  sun's  high 

upward  of  five-and'^twenty  iret  marinm  ani-  altitude  above  the  horizon.    6,  The  altitude 

mate  the  sea  at  the  same  time.    In  these  ma-  of  the  bows  above  the  horizon  or  surface  of 

line  bows  the  concave  sides  were  turned  the  earth  varies  according  to  the  elevation  of 

upward,  the  drops  of  water  rising  from  below,  the  sun.    The  altitude,  at  any  time,  may  be 

and  not  foiling  from  above,  as  in  the  instances  taken  by  a  common  quadrant,  or  any  other 

<if  the  aerial  arches.    Rainbows  are  also  oc-  angular  instrument ;  but  if  the  sun's  altitude 

♦  PlUlosophiea)  Transactions,  vol.  I.  p.  2M.  at  any  particular  time  be  known,  the  hdgh. 
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of  the  somniU  of  anj  of  th«  bows  may  be  wfaidi  I  gaTFe  a  detailed  deseriptioainaoine  ti 

found  by  nibtractiiig  the  nm^s  altitude  from  the  public  joumab.  The  moon,  in  both  caaei^ 

42°  2f  for  the  inner  bow,  and  from  54?  W  was  within  a  day  or  two  of  the  fidl;.  the 

for  the  out^r.    Thus,  if  the  eun'e  altitude  be  arches  were  seen  in  the  northern  quarter  of 

26°,  the  height  of  the  primary  bow  would  be  the  heavens,  and  extended  nearly  from  ea»t  to 

16°  2^  and  of  the  secondary,  28°  1(K.  It  fol-  west,  the  moon  being  not  iar  from  the  aoutbem 

lows  that  the  height  and  the  size  of  the  bows  meridJAn.    The  bows  appeared  distinct  snd 

diminish  as  die  altitude  of  the  sun  increases,  well  defined,  but  no  distinct  traces  of  the  pri*- 

7.  If  the  sun*s  altitude  is  more  than  42°,  and  matic  colours  T»>uld  be  perceived  on  any  of 

loss  than  54°,  the  exterior  bow  may  be  seen,  them.    That  which  appeared  in  1825  was  the 

though  the  interior  bow  is  invisible.  8.  Some-  most  distinctly  formed,  and  continued  visible 

times  only  a  portion  of  an  arch  will  be  visible,  for  more  than  an  hour.    The  other  was  much 

while  all  the  other  parts  of  the  bow  are  invi-  Winter,  and  lasted  little  more  thaa  half  an 

sible.    This  happens  when  the  rain  does  not  hour,  daxk  clouds  having  obscored  the  face  of 

occupy  a  space  of  sufficient  extent  to  com-  the  moon.    These  bows  bore  a  certain  rcaem- 

plete  the  bow;  and  the  appearance  of  this  blance  to  some  of  the  luminous  arches  whidit 

position,  and  even  of  the  bow  itself^  will  be  sometimes  accompany  the  Aurora  Boiealii, 

various,  acconling  to  the  nature  of  the  situa-  and  this  latter  phenomenon  has  not  unfre- 

tion,  and  the  space  occupied  by  the  rain.  quently  been  mistaken  for  a  lunar  ninbow; 

The  appearance  of  the  rainbow  may  be  pro-  but  they  may  be  always  distinguished  by  at- 
duced  by  artificial  means  at  any  time  when  tending  to  the  phases  and  position  of  the 
the  sun  is  shining  and  not  too  highly  elevated  moon.  If  the  moon  be  not  visible  above  the 
above  the  horizon.  This  is  efiSacted  by  means  horizon,  if  she  be  in  her  first  or  last  quaiter,  • 
of  artificial  fountains,  or  jet  d'eaus,  which  are  or  if  any  observed  phenomenon  be  not  in  a 
intended  to  throw  up  streams  of  water  to  a  direction  opposite  to  the  moon,  we  may.oon- 
great  height  These  streamis,  when  they  spread  elude  with  certainty  that,  whatever  appeal^ 
very  wide,  and  blend  together  in  their  upper  ance  is  presented,  there  is  no  lunar  rainbow, 
parts,  form,  when  falling,  a  shower  of  artificial  The  rainbow  is  an  object  which  has  en- 
rain.  If,  then,  when  the  fountain  is  pUying,  gaged  universal  attention,  and  its  beautiful 
we  move  between  it  and  the  sun,  at  a  proper  colours  and  form  have  excited  universal  admi- 
distance  finom  the  fountain,  till  our  shadow  ration.  The  poets  have  embelliahed  their  wiit* 
point  directly  tovArds  it,  and  look  at  the  ings  with  many  beautiful  allusions  to  this 
shower,  we  shall  observe  the  colours  of  the  splendid  meteor;  and  the  playful  schoolboy, 
rainbow  strong  and  vivid ;  and,  what  is  par*  while  viewing  the  **  bright  enchantment,**  has 
ticularly  worthy  of  notice,  the  bow  appears,  fi:equently  run  **  to  catch  the  frJling  ^oiy." 
notwithstanding  the  nearness  of  the  shower.  When  its  arch  rests  on  the  opposite  sides  of 
to  be  as  large  and  as  fiir  off  as  the  rainbow  &  narrow  valley,  or  on  the  summits  of  two 
which  we  see  in  a  natural  shower  of  rain,  adjacent  mountains,  its  appearance  is  both 
The  same  experiment  may  be  made  by  candle^  beautiful  and  grand.  In  sdl  probability,  its 
light,  and  with  any  instrument  that  will  form  figure  first  suggested  the  ideaoforc^,  which 
an  artificial  shower.  are  now  found  of  so  much  ntility  in  forming 

Lunar  Hainbawa, — ^A  lunar  bow  is  some-  aqueducts  and  bridges,  and  for  adorning  the 

times  formed  at  night,  by  the  rays  of  the  moon  architecture  of  palaces  and  temples.    It  is 

striking  on  a  rain-cloud,  especially  when  she  scarcely  possible  seriously  to  contemplate  this 

is  about  the  full.     But  such  a  phenomenon  is  splendid  phenomenon  without  foehng  smJiu- 

very  rare.   Aristotle  is  said  to  have  considered  ration  and  gratitude  towards  that  wise  and 

himself  the  first  who  had  seen  a  lunar  rain-  beneficent  Being  whose  hands  have  bent  it 

bow.     For  more  than  a  hundred  years  prior  into  so  graceful  and  majestic  a  form,  and 

to  the  middle  of  the  last  century,  we  find  only  decked  it  with  all  the  pride  of  oolouis.  *<  Look 

two  or  three  instances  recorded  in  which  such  upon  the  rainbow,"  says  the  son  -of  Sirach,* 

phenomena  are  described  with  accuracy.  «In  '*and  praisB  Him  that  made  it:  very  beauti- 

the  Philosophical  Transactions  for  1783,  how-  fill  it  is  in  the  brightness  thereof.    It  com- 

ever,  wo  have  an  account  of  three  having  passeth  the  heaven  about  with  a  glorioup  circle, 

been  seen  in  one  year,  and  all  in  the  same  and  the  hands  of  the  Moat  High  have  bended 

place,  but  they  are  by  no  means  common  it"    To  this  grand  ethereal  bow  the  inspired 

phenomena.  I  have  had  an  opportunity  within  writers  frequently  allude  as  one  of  the  em- 

the  last  twenty  years  of  witnessing  two  phe-  blemsof  the  majesty  and  qplendour  of  the  Al- 

noroena  of  this  description,  one  of  which  was  mighty.    In  the  prophecies  of  Eukiel,  the 

seen  at  Perth,  on  a  Sabbath  evening,  in  the  throne  of  Deity  is  represented  as  adorned  with 

autumn  of  1826,  and  the  other  at  Edinburgh,  a  brightness  **  like  the  appearance  of  the  bosr 

on  Wednesday,  the  9th  of  September,  1840,  that  is  in  the  cloud  in  the  day  of 

about  eight  o*clock  in  the  evening,  of  both  *  EcelesissUcas.  slUL  II.  H 
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appeurancA  of  the  likeneM  of  the  glory  of  Je- 
hioirah."  And,  in  the  visions  recorded  in  the 
Book  of  the  Revelations,  where  the  Most 
High  b  represented  as  sitting  apon  a  throne, 
"  there  was  a  rainbow  round  about  the  throne, 
in  sight  like  unto  an  emerald,**  as  an  emblem 
of  his  propitious  character,  and  of  his  faithful- 
ness and  mercy.  After  the  deluge,  this  bow 
was  appointed  as  a  sign  and  memorial  of  the 
covenant  which  God  made  with  Noah  and  his 
sons,  that  a  flood  of  waters  should  never 
again  be  permitted  to  deluge  the  earth  and  its 
inhabitants,  and  as  a  pledge  of  inviolable  fido- 
Ety  and  Divine  benignity.  When,  therefore, 
we  at  any  time  behold  "the  bow  in  the 
cloud,'*  we  have  not  only  a  beautiful  and  sub- 
lime phenomenon  presented  to  the  eye  of 
sense,  hut  also  a  memorial  exhibited  to  the 
mental  eye,  assuring  us  that,  ^*  While  the  earth 
remaineth,  seed-time  and  harvest,  and  cold 
and  beat,  and  summer  and  winter,  and  day 
and  night,  ahiUl  not  cecwf  ."* 

**  On  the  broad  sk v  is  seeii 
▲  dew^  cload,  and  in  the  cloud  a  bow 
ConipicuouB,  with  seven  listed  colours  fay, 
Betolcening  peace  with  God  and  covenant  new. 
He  gives  a  promise  never  to  destroy 
The  earth  again  by  flood,  nor  let  the  sea 
Surpass  his  bounds,  nor  rain  to  drown  the  world.*' 

MiLTOV,  Par,  Lo$t,  Book  XI. 


SscTioK  rv. 

ReJUdUma  on  the  beauty  and  utUity  of 
Coloun. 

Colour  is  one  of  the  properties  of  light 
which  constitutes  chiefly  the  beauty  and 
sublimity  of  the  universe.  It  is  colour,  in  all 
its  diversified  shades,  which  presents  to  our 
view  that  almost  infinite  variety  of  aspect 
which  appears  on  the  scene  of  nature,  which 
gives  delight  to  the  eye  and  the  imagination, 
and  which  adds  a  fresh  pleasure  to  every  new 
landscape  we  behold.  Every  flower  which 
decks  our  fields  and  gardens  is  compounded  of 
difierent  hues;  every  plain  is  covered  with 
shrubs  and  trees  of  different  degrees  of  ver- 

*  It  is  a  question  which  has  been  lYequently 
started,  Whether  there  was  any  rainbow  before 
the  flood  1  Some  have  conceived  that  the  rain- 
bow was  something  of  a  miraevloiu  prodacllon, 
and  that  it  was  never  seen  before  the  flood.  The 
eqolvocai  sense  of  the  word  "set/*  in  our  trans- 
lation* has  occasioned  a  mistalcen  impression  of 
tbia  l(ind.  The  Hebrew  word,  thus  translated, 
signifles  more  properly  **I  do  give,*'  or  **I  ap- 
foini.**  The  Whole  passage  in  reference  to  this 
circumntance,  literally  translated,  runs  thus:  **I 
appoint  my  bow  which  Is  in  the  cloud,  that  it  may 
be  for  a  sign  or  token  of  a  covenant  between  me 
and  the  earth ;  and  it  shall  come  to  pass,  when  I 
bring  a  rloud  over  the  earth,  and  the  bow  shall  be 
seen  In  the  cloud,  that  I  will  remember  my  cove- 
nant that  is  between  me  and  yon,'*  fro.  As  the 


dure ;  and  almost  eveiy  mountain  is  clothed 
with  herbs  and  grass  of  diflerent  shade  from 
those  which  appear  on  the  hills  and  landscape 
with  which  it  is  surrounded.    In  the  country, 
during  summer,  nature  is  every  day,  and 
almost  every  hour,  varying  her  appearance  by 
the  multitude  and  variety  of  her  hues  and 
decorations,  so  that  the  eye  wanders  with 
pleasure  over  objects  continually  diversified, 
and  extending  as  &r  as  the  sight  can  reach. 
In  the  flowers  with  which  every  landscape  is 
adorned,  what  a  lovely  assemblage  of  colours, 
and  what  a  wonderful  art  in  the  disposition  of 
their  shades !     Here  a  light  pencil  seems  to 
have  laid  on  .the  delicate  tints;  there  they  are 
blended  according  to  the  nicest  rules  of  art 
Although  green  is  the  general  colour  which 
prevails  over  the  scene  of  sublunary  nature, 
yet  it  is  diversified  by  a  thousand  different 
shades,  so  that  every  species  of  tree,  shrub, 
and  herb  is  clothed  with  its  own  peculiar  ver- 
dure.   The  dark  green  of  the  forests  is  thus 
easily  distinguished  from  the  lighter  shades  of 
cornfields  and  the  verdure  of  the  lawns.    The 
system  of  animated  nature  likewise  displays  a 
diversified  assemblage  of  beautiful   colours. 
The  plumage  of  birds,  the  brilliant  feathers  of 
the  peacock,  the  ruby  and  emerald  hues  which 
adorn  the  little  humming-bird,  and  the  various 
embellishments  of  many  species  of  the  insect 
tribe,  present  to  the  eye,  in  every  region  of 
the  globe,  a  scene  of  diversified  beauty  and 
embellishment    Nor  is  the  mineral  kingdom 
destitute  of  such  embellishments;  for  some  of 
the  darkest  and  most  unshapely  stones  and 
pebbles,  when  polished  by  the  band  of  art, 
display  a  mixture  of  the  most  delicate  and  va- 
riegated colours.    AH  which  beauties  and  va- 
rieties in  the  scene  around  us  are  entirely 
owing  to  that  property,  in  every  ray  of  light, 
by  which  it  is  capable  of  being  separated  into 
the  primitive  eolonrs. 

To  the  same  cause,  likewise,  are  to  be 
ascribed  those  beautiful  and  diversified  ap- 
pearances which  frequently  adorn  the  face  of 
the  sky — the  yellow,  orange,  and  ruby  hues 
which  embellish  the  firmament  at  the  rising  of 
the  son,  and  when  he  ia  about  to  descend 

rainbow  Is  produced  by  the  immniable  laws  of  re- 
fraction and  refleciion,  as  applied  to  the  rays  of  the 
sun  striking  on  drops  of  falling  rain,  the  pheno- 
menon must  have  been  occasionally  exhibited  from 
the  beginning  of  the  world ;  unless  we  suppose 
that  there  was  no  rain  before  ihe  flood,  and  that 
the  constitution  of  things  In  the  physical  system 
was  very  diflerent  from  what  it  is  now.  The 
passage  afilrms  no  more  than  that  the  rainbow 
was  then  appointed  to  be  a  syaiM  of  the  covenant 
between  God  and  man ;  ana  although  it  may  have 
been  frequently  seen  before,  it  wodld  serve  the 
purpose  of  a  sign  equally  well  as  if  it  had  been' 
miraculously  formed  for  this  purpose,  and  evea 
better,  as  its  fVequent  appearance,  according  to 
natural  laws,  is  a  perpetual  memorial  to  man  of 
the  Divina  fkithfulness  and  mercy. 
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below  the  vresteni  horizon ;  and  thorn  aerial  tinguishable.  A  tree,  a  house,  or  a  chmvk 
landsd^iea,  so  frequently  beheld  in  tropical  near  at  hand  might  posublj  be  distinguL^ed. 
climes,  where  rivers,  castles,  and  mountains  on  account  of  its  elevation  above  the  general 
are  depicted  rolling  over  each  other  along  the  surface  of  the  ground,  and  the  bed  of  a  river 
ciitle  of  the  horizon.  The  clouds,  especially  by  reason  of  its  being  depressed  below  it  But 
in  some  countries,  reflect  almost  every  colour  we  should  be  obliged  rather  to  guess,  and  to 
in  nature.  Sometimes  they  wear  the  modest  form  a  conjecture  as  to  the  particular  object 
blush  of  the  rose ;  sometimes  they  appear  like  we  wished  to  distinguish,  than  to  arrive  at 
stripes  of  deep  vermilion,  and  sometimes  as  any  certain  conclusion  respecting  it;  and  if  it 
large,  brilliant  masses  tinged  with  various  lay  at  a  considerable  distance,  it  would  be  im* 
hues ;  now  they  are  white  as  ivory,  and  now  {x^sible,  with  any  degree  of  probability,  to 
as  yellow  as  native  gold.  In  some  tropical  discriminate  any  one  object  from  another, 
countries,  according  to  St  Pierre,  the  clouds  Notwithstanding  the  universal  brightness  of 
roll  themselves  up  into  enormous  masses  as  the  scene,  the  unifornuty  of  colour  thrown  on 
wMte  as  snow,,  and  are  piled  upon  each  other  every  object  would  most  certainly  prevent  as 
like  the  Cordeliers  of  Peru,  and  are  moulded  from  distingubhing  a  church  from  a  palace,  a 
into  the  shape  of  mountains,  of  caverns,  and  cottage  from  a  knoll  or  heap  of  rubbish,  a 
of  rocks.  When  the  sun  sets  behind  this  splendid  mansion  from  rugged  rocks,  the  trees 
magnificem  aerial  network,  a  multitude  of  lu-  from  the  hills  on  which  they  grow,  or  a  barren 
minous  rays  are  transmitted  through  each  desart  from  rich  and  fertile  plains.  In  such  a 
particular  interstice,  which  produce  such  an  case  human  beings  would  be  confounded,  and 
efiect  that  the  two  sides  of  the  lozenge  iUumi*  even  friends  and  neighbours  be  at  a  loss  to 
nated  by  them  have  the  appearance  of  being  recognize  one  another, 
begirt  with  a  fillet  of  gold ;  and  the  other  two.  The  vault  of  heaven,  too,  would  wear  a 
which  are  in  the  shade,  seem  tinged  with  a  uniform  aspei^  Neither  planets  nor  comets 
superb  ruddy  orange.  Four  or  five  divergent  would  be  visible  to  any  eye,  nor  those  mil- 
streams  of  light,  emanating  from  the  setting  lions  of  stars  which  now  shine  forth  with  so 
sun  up  to  the  zenith,  dodie  with  fringes  ^  much  brilliancy,  and  diversiiy  the  noctunal 
gold  the  undeterminate  summits  of  this  oeles-  sky ;  for  it  is  by  the  contrast  produced  by  the 
tial  barrier,  and  proceed  to  strike  vrith  the  re-  deep  azure  of  th6  heavens  and  the  white 
flexes  of  their  fires  the  pyramids  of  the  col-  radiance  of  the  stars  that  those  bodies  are 
lateral  aerial  mountains,  which  then  appear  rendered  visible.  Were  they  depicted  on  a 
to  consist  of  silver  and  Yermilion.  In  short,  pure  white  ground,  they  would  not  be  distin- 
colour  diversifies  every  sublunary  scene,  guishcd  from  that  ground,  and  would,  ooo- 
whether  on  the  earth  or  in  the  atmosphere;  sequently,  be  invisible,  unless  any  of  them 
it  imparts  a  beauty  to  the  phenomena  of  klU  occasionally  assumed  a  difierent  colour.  Of 
ing  stars,  of  luminous  arches,  and  the  conisca-  course,  all  that  beautiful  variety  of  a^wct 
tions  of  the  Aurora  Borealis,  and  gives  a  which  now  appears  on  the  &oe  of  sublunaxy 
splendour  and  sublimity  to  the  spacious  vault  nature — the  rich  verdure  of  the  fields,  the 
of  heaven.  stately  port  of  the  forest,  the  rivers  meander- 
Let  us  now  consider  for  a  moment  what  ing  through  the  valleys,  the  splendid  hues 
would  be  the  aspect  of  natqre  if,  instead  of  that  diversify  and  adorn  our  gardens  and 
the  beautiful  variety  of  embellishments  which  meadows,  the  gay  colouring  of  the  morning 
now  appear  on  every  landscape,  and  on  the  and  evening  clouds,  and  all  that  variety  which 
concave  of  the  sky,  one  uniform  colour  had  distinguishes  the  diHerent  seasons,  woold  en- 
been  thrown  over  the  soeneiy  of  the  universe,  tirely  disappear.  As  every  landscape  would 
Let  us  /conceive  the  whole  of  terrestrial  na-  exhibit  nearly  the  same  aspect,  there  would 
ture  to  be  covered  with  snow,  so  that  not  an  be  no  inducement  to  the  poet  and  the  philo* 
object  on  earth  should  appear  with  any  other  sopher  to  visit  dbtant  countries  to  investigate 
hue,  and  that  the  vast  expanse  of  the  firms-  the  scenes  of  nature,  and  joumeyings  from 
ment  presented  precisely  the  same  uniform  one  region  to  another  would  scarcely  be  pro* 
aspect.  What  would  be  the  consequence!  ductive  of  enjoyment  Were  any  other  single 
The  tight  of  the  sun  would  be  strongly  re-  colour  to  prevail,  nearly  the  same  results  would 
fleeted  from  all  the  objects  within  the  bounds  ensue.  Were  a  deep  ruddy  hue  to  be  uni- 
of  our  horizon,  and  would  produce  a  lustre  formly  spread  over  the  scene  of  creation,  it 
which  would  dazzle  every  eye.  The  day  would  not  only  be  offensive  to  the  eye,  but 
would  acquire  a  greater  btighirusa  than  it  would  likewise  prevent  all  distinction  of  6b- 
now  exhibits,  and  our  eyes  might,  after  some  jects.  Were  a  dark  blue  or  a  deep  violet  to 
'time,  be  enabled  freely  to  expatiate  over  the  prevail,  it  would  produce  a  similar  eflect,  and^ 
iurroundiiig  landscape ;  but  every  thing,  at  the  same  time,  present  the  scene  of  natura 
though  enlightened,  would  appear  eonfuMif  as  covered  with  a  dismal  gloom.  Even  if 
and  particular  objects  would  scarcely  be  dis-  creation  were  arrayed  in  a  robe  of  ertoh 
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which  is  a  more  pleasant  coloar  to  the  eye,  science  and  the  improvements  c(  art  would 

were   it  not  diverai^ed  with   the   different  have  remained  nprecorded.    Universal  igniX- 

shades  it  now  exhibits,  every  object  would  be  ranee  would  have  prevailed  thipughont  the 

equally  undistinguishaJble.  ''  world,  and  the  human  mind  have  remained  in 

Such  would  have  been  the  aspect  of  crea-  a  state  of  demoralization  and  debasement  All 

tion,  and  the  inconveniences  to  which  we  these,  and  many  other  inconveniences  and 

should  have  been  subjected,  had  the  Creator  evils  would  have  inevitably  followed,  bad  not 

afibrded  us  light  T^thoot  that  intermixture  of  God  painted  the  rays  of  light  with  a  diverdty 

colours  which  now  appears  over  all  nature,  of  colours.    And  hence  we  may  learn  that 

and  which  serves  to  discriminato  one  object  the  most  important  scenes  and  events  in  the 

from   another.    Even   our  very  apartments  universe  may  depend  upon  the  existence  of  a 

would  have  been  tame  and  insipid,  incapable  single  principle  in  nature,  and  even  upon  the 

of  the  least  degree  of  ornament,  and  the  arti-  most  minute  circumstances,  which  we  may  be 

des  with  which  they  are  furnished  almost  apt  to  overlook,  in  the  aramgements  of  the 

ondistinguiiAiable,  bo  that,  in  discriminating  material  world 

one  object  from  another,  we  should  have  been  In  the  existing  state  of  things  in  the  visible 
as  much  indebted  to  the  sense  of  touch  as  to  creation,  we  cannot  but  admire  the  wisdom 
the  sense  of  vision.  Our  friends  and  fellow-  and  beneficence  of  the  Deity  in  thus  enabling 
men  would  have  presented  no  objects  of  in*  us  to  distinguish  objects  by  so  easy  and  expe- 
terest  in  our  daily  associations.  The  spark-  ditious  a  mode  as  thai  of  colour,  which  in  a 
ling  eye,  the  benignant  smile,  the  modest  moment  discriminates  every  object  and  its 
blush,  the  blended  hues  of  white  and  vermi-  several  relations.  We  rise  in  the  morning  to 
lion  in  the  human  face,  and  the  beauty  of  the  our  reipective  employments,  and  ouf  food, 
female  countenance,  would  all  have  vanished,  our  drink,  our  tools,  our  books,  and  whatever 
and  we  should  have  appeared  to  one  another  is  requisite  for  our  comfort,  are  at  once  dis- 
ss so  many  moving  marble  statues,  cast  criminated.  Without  the  least  hesitation  or 
nearly  in  the  same  mould.  But  what  would  uncertainty,  and  without  any  perplexing  pro^ 
have  been,  worst  of  all,  the  numerous  delays,  cess  of  reasoning,  we  can  lay  our  hands  on  , 
uncertainties,  and  perplexities  to  which  we  whatever  articles  we  require.  Colour  clothes 
should  have  been  subjected,  had  we  been  every  object  with  its  peculiar  livery,  and  in- 
under  the  necessity  eveiy  moment  of  distin-  feUibly  directs  the  hands  in  its  movement^ 
guishing  objecto  by  trains  of  reasoning,  and  and  the  eye  in  its  surveys  and  contemplations, 
by  circumstances  of  time,  place,  and  relative  But  this  is  not  the  only  end  which  the  Divine 
position  1  An  artist,  when  commencing  his  Being  had  in  view  in  impressing  on  the  rays 
work  in  the  morning,  with  a  hundred  tools  of  U^ht  a  diversity  of  colours.  It  is  evident 
of  nearly  the  same  size  and  shape  around  him,  that  he  likewise  intended  to  minister  to  our 
would  have  spent  a  considerable  portion  of  his  pleasures  as  well  as  to  our  wants.  To  eveiy 
time  before  he  could  have  selected  those  pro-  man  of  taste,  and  almost  to  every  human 
per  for  his  purpose,  or  the  objects  to  which  being,  4he  combination  of  colours  in  flowers, 
they  were  to  be  applied ;  and  in  every  depart-  the  delicate  tints  with  which  they  are  painted, 
ment  of  society,  and  in  all  our  excursions  from  the  diversified  shades  of  green  with  which  the 
one  place  to  another,  similar  difficulties  and  hiUs  and  dales,  the  mountains  and  the  vales 
perplexities  would  have  occurred.  The  one  are  arrayed,  and  that  beautiiul  variety  which 
half  ofoor  time  must  thus  have  been  employed  appears  in  a  bright  summer  day  on  all  the 
in  uncertain  guesses  and  perplexing  reason-  obfecte  of  this  lower  creation,  are  sources  of 
ings  respecting  the  real  natiue  and  individu-  the  purest  enjoyment  and  delight  It  is  colour, 
ality  of  objects,  rather  than  in  a  regular  tnun  too,  as  well  as  magnitude,  that  adds  to  the 
of  thinking  and  of  employment ;  and,  after  all  aubUmUy  of  objects.  Were  the  canopy  of 
our  perplexities  and  conjectures,  we  must  have  heaven  of  one  uniform  hue,  it  would  fall  in 
remained  in  the  utmost  uncertainty  as  to  the  producing  those  lofty  conceptions,  and  those 
thousands  of  scenes  and  objecte  which  are  delighlfbl  and  transporting  emotions,  which  a 
now  obvious  to  us,  through  the  instrument-  contemplation  of  its  august  scenery  is  calcu- 
ality  of  colours,  as  soon  as  we  open  our  eyes,  lated  to  inspire.  Colours  are  likewise  of  coo- 
In  short,  without  colour  we  could  have  had  siderable  utility  in  the  intercourse  of  general 
no  books  nor  writings :  we  could  neither  have  society.  They  tfBrve  both  for  ornaments,  and 
corresponded  with  our  friends  by  letters,  nor  for  distinguislung  the  different  ranks  and  con- 
have  known  any  thing  with  certainty  of  the  ditions  of  the  community;  they  add  to  Iho 
evente  which  happened  in  former  ages.  No  beauty  and  gracefulness  of  our  furniture  and 
written  revelation  of  the  will  of  God,  and  of  clothing.  At  a  glance,  they  enable  us  at 
his  character,  such  as  we  now  enjoy,  could  once  to  distinguish  the  noble  from  the  ignoble, 
have  been  handed  down  to  us  from  remote  the  prince  from  his  subjects,  the  master  fropi 
periods  and  generations.    The  discoveries  of  his  servant,  and  the  widow,  clothed  with  sable 
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weeds,  firom  the  bride  adorned  with  her  nup-  from  thoee  properties  tmd  laws  he  hsi  Ib^ 

dal  omamenta.  pressed  on  the  material  system.    He  mighk 

Since  colours,  then,  are  of  so  much  value  have  a^rded  us  light,  and  even  splendid  ilh^ 
and  importance,  they  may  be  reckoned  as  mination,  without  the  pleasures  and  advsntages 
holding  a  rank  among  thjp  noblest  natural  which  diyersiiied  colours  now  produce,  wad 
giils  of  the  Creator.  As  thej  are  of  such  man  and  other  animated  beings  might  have 
essential  service  to  the  inhabitants  of  our  existed  in  such  a  state.  But  what  a  very  dil^ 
globe,  there  can  be  no  doubt  that  they  serve  ferent  scene  would  the  world  have  presented 
similar  or  analogous  purposes  throughout  all  from  what  it  now  exhibits !  Of  how  many 
the  worlds  in  the  universe.  The  colours  dis>  thousands  of  pleasures  should  we  have  been 
played  in  the  solar  beams  are  common  to  all  deprived !  and  to  what  numerous  incoBTe- 
the  globes  which  compose  the  planetary  sys-  niences  and  perplexities  should  we  have  been 
tem,  and  must  neoesrarily  be  reflected,  in  all  subjected  !  The  sublimity  and  glories  of  the 
their  diversified  hues,  from  objects  on  their  firmament,  and  the  endless  beauties  and  vaiie- 
surfaces.  The  light  which  radiates  from  the  ties  which  now  embellish  our  terrestrial  ays- 
fixed  stars  displays  a  similar  diversity  of  tem,  would  have  been  for  ever  unknown,  nod 
colours.  Some  of  the  double  stars  are  found  man  could  have  had  little  or  no  incitement  ta 
to  emit  tight  of  different  hues;  the  larger  star  study  and  investigate  the  works  of  his  Crea* 
exhibiting  light  of  a  ruddy  or  orange  hue,  and  tor.  In  this,  as  well  as  in  many  other  a^ 
the  smaller  one  a  radiance  which  approaches  rangements  in  nature,  we  have  a  sensiMe 
to  blue  or  green.  There  is,  therefore,  reason  proof  of  the  presence  and  agency  of  that  Al- 
to conclude  that  the  objects  connected  with  mighty  Intelligence  **  in  whom  we  live,  and 
the  planets  which  revolve  round  such  stars —  move,  and  have  our  being.**  N<mi6  but  an 
being  occasionally  enlightened  by  suns  of  mfinitely  Wise  and  Benefident  Being,  inti> 
different  hues — ^will  display  a  more  variegated  mately  present  in  all  places,  could  thus  so  re- 
and  splendid  scenery  of  colouring  than  is  ever  gularly  create  in  us,  by  means  of  colour,  those 
beheld  in  the  world  on  which  we  dwell ;  and  exquisite  sensations  which  afford  so  much  de- 
that  one  of  the  distinguishing  characteristics  Ught,  and  which  unite  us,  as  it  were,  with 
of  different  worlds,  in  regard  to  their  embel-  every  thing  around  us.  In  the  diversity  of 
Ushmenta,  may  consist  in  the  splendour  and  hues  spread  over  the  face  of  creation,  we  have 
variety  of  colours  with  which  the  objects  on  as  real  a  display  of  the  Divine  presence  as 
their  surfaces  are  adorned.  In  the  metapho-  Moses  enjoyed  at  the  burning  bush.  The 
rical  description  of  the  glories  of  the  New  only  diiierence  is,  that  the  one  was  out  of  the 
Jerusalem,  recorded  in  the  Book  of  Revela*  common  order  of  Divine  procedure,  and  the 
tion,  one  of  the  chief  characteristics  of  that  other  in  accordance  with  those  permanent 
city  is  said  to  consist  in  the  splendour  and  laws  which  regulate  the  econoni}  of  the  uni- 
diversity  of  hues  with  which  it  is  adorned,  verse.  In  every  colour,  liien,  which  we  coo- 
It  is  represented  as  **  coming  down  fi^m  template,  we  have  a  sensible  memorial  of  the 
heaven,  prepared  cut  a  bride  adorned  for  her  presence  of  that  Bemg  **  whose  Spirit  gar- 
husband*^  and  as  reflecting  all  the  beautiful  nished  the  heavens  and  laid  the  fbundatioDS 
and  variegated  colours  which  the  finest  gems  of  the  earth,"  and  whose  ^  merciful  visitation" 
on  earth  can  exhibit;  evidently  indicating  that  sustams  us'every  moment  in  existence.  But 
splendour  and  variety  of  colouring  are  some  the  revelation  of  God  to  our  senses,  through 
cf  the  grandest  features  of  celestial  scenery,  the  various  objects  of  the  material  vrorld,  has 

On  the  whole,  the  subject  of  colours,  when  become  so  fiuniliar,  that  we  are  apt  to  forget 

seriously  considered,  is  calculated  to  excite  us  the  Author  of  all  our  enjoyments,  even  at  the 

to  the  adoration  of  the  goodness  and  intelU-  moment  when  we  are  investigating  his  works 

gence  of  that  Almighty  Being  whose  wisdom  and  participating  of  his  benefits.    **  O  that 

planned  all  the  arrangements  of  the  universe,  men  would  praise  Jehovah  for  hia  goodness, 

and  to  inspire  us  with  gratitude  for  the  mime-  and  for  his  wonderful  works  towaidri  the 

rous  conveniences  and  pleasuros  we  derive  children  of  men." 
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PART  11. 

ON  TELESCOPES. 


CHAPTER  I. 
History  of  the  Inoenium  tf  Tekocopa. 

Tax  telescope  is  an  optical  instrament  for  on  tluB  point    l*he  cabmeta  of  the  corioiig 

▼iewing  objects  at  a  distance.    Its  name  is  contain  some  veiy  ancient  gems  of  admirable 

compounded  of  two  Greek  words,  t'l/XCf  which  workmanship,  the  figares  on  which  are  so 

signifies  at  a  diatanu  oitfitr  qjfj  and  azfiHtWi  small  that  they  appear  beautiful  through  a 

to  view  or  to  eoniempbUe*    By  means  of  magnifying  glass,  but  altogether  conAised  and 

telescopes,  remote  objects  are  represented  as  indistinct  to  the  naked  eye ;  and  therefore  it 

If  they  were  near,  small  apparent  magnitudes  may  be  asked,  If  they  cannot  be  viewed,  how 

are  enlarged,  confused  objects  are  rendered  couM  they  be  torougkt,  without  the  assistance 

distinct,  and  the  invisible  and  obscure  parts  of  glasses  1     And  as  some  of  the  ancients 

of  very  distant  scenes  are  rendered  perceptible  have  declared  that  the  moon  has  a  form  Uke 

and  clear  to  the  organ  of  vision.    The  tele-  that  of  the  earth,  and  ha^  plains,  hills,  and 

•cope  is  justly  considered  as  a  grand  and  no-  valteys  in  it,  how  could  they  know  this,  un- 

ble  instrument    It  is  not  a  little  surprising  less  by  mere  conjecture,  without  the  use  of  a 

that  it  should  be  in  the  power  of  man  to  in-  telescope  ?     And  how  could  they  have  known 

Tent  and  construct  an  instrument  by  which  that  the  I^lky  Way  is  formed  by  the  com- 

objects,  too  remote  for  the  unassisted  eye  to  bined  rays  of  an  infinite  number  of  stars  1 

distinguish,  should  be  brought  within    the  For  Ovid  states,  in  reference  to  this  zone, 

range  of  distinct  vision,  as  if  they  were  only  a  ^^  its  groundwork  is  of  stars."    But,  whatever 

few  yaids  from  our  eye,  and  that  thousands  knowledge  the  ancients  may  have  possessed 

of  august  objects  in  tiie  heavens,  which  had  of  the  telescope  or  other  optical  glasses,  it  is 

been  concealed  iiom  mortals  for  numerous  quite  evident  that  they  never  had  telescopes 

ages,  should  be  brought  within  the  limits  of  of  such  size  and  power  as  those  which  we 

our  contemplation,  and  be  as  distinctly  per-  now  possess,  and  that  no  discoveries  in  the 

eeived  as  if  we  had  been  transported  many  heavens,  such  as  are  now  brought  to  light, 

millions  of  miles  firom  the  space  we  occupy  were  made  by  any  of  the  ancient  astrouomers, 

through  the  celestial  regions.    The  celebrated  otherwise  some  allusions  to  them  must  have 

Huygens  remarks,  in  reference  to  this  instru-  been  found  in  their  writings, 
ment,  that,  in  his  opinion,  **  the  wit  and  in-       Among  the  modems,  the  illustrious  Friar 

dustry  of  man  has  not  produced  any  thing  so  Bacon  appean  to  have  acquired  some  rude 

noble  and  so  worthy  of  his  faculties  as  this  ideas  respecting  the  construction  of  telescopes, 

sort  of  knowledge  (namely,  of  the  telescope ;)  **  Lenses  and  specula,**  says  he,  *'  may  be  so 

insomuch  that  if  any  particular  person  had  figured  that  one  object  may  be  multipUed  into 

been  so  diligent  and  sagacious  as  to  invent  many,  that  those  which  are  situated  at  a  great 

this  instrument  fropa  the  principles  of  nature  distance  may  be  made  to  appear  very  near, 

and  geometry,  for  my  part,  I  should  have  that  those  which  are  small  may  be  made  to 

thought  his  abilities  were  more  than  human ;  appear  veiy  Jarge,  and  those  which  are  ob- 

but  the  case  is  so  far  from  this,  that  the  most  scure  very  plain ;  and  we  can  make  stan  to 

learned  men  have  not  yet  been  able  sufH-  appear  wherever  we  will."     From  these  ex- 

ciently  to  explain  the  reason  of  the  eflfects  of  pressions,  it  app^^  highly  probable  that  this 

this  casual  invention."  philosopher  was  acquainted  with  the  general 

The  persons  who  constructed  the  first  tele-  principle  both  of  telescopes  and  microscopes, 

•copes,  and  the  exact  period  when  they  were  and  that  he  may  have  constructed  telescopes 

firet  invented,  are  involved  in  some  degree  of  of  small  magnifying  power  for  his  own  obser- 

obscurity.    It  does  not  certainly  appear  that  vation  and  amusement,  although  they  never 

inch  instruments  were  known  to  the  ancients,  came  into  general  use.    He  was  a  man  of 

tltboogh  we  ought  not  to  be  pei&ctly  decisive  extensive  learning,  and  made  so  rapid  a  pro- 
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gress  in  the  scienoeB,  when  attending  the  Having  £)tind   the  arrangement  of 
Univeraity  of  Paris,  that  he  was  esteemed  which  produced   the  efiect  diesired,  he   in- 
the  glory  of  that  seat  of  learning.    He  prose-  closed  them  in  a  tube,  and  nin  with  hia  tn- 
cuted  his  favourite  study  of  experimental  phi-  strument  to  Prince  Maurice,  who,  immedi- 
losophy  with  unremitting  ardour,  and  in  this  ately  conceiving  that  it  might  be  of  use  to 
pursuit,  in  the  course  of  twenty  years,  he  ex-  him  in  his  wars,  desired  the  author  to  keep 
pended  no  less  than  £2000  in  experiments,  it  a  secret    Such  are  the  rude  conceptions 
instruments,  and  in  procuring  scarce  books,  and  selfish  views  of  princely  uxtrrion,  who 
In  consequence  of  such  extraordinary  talents  would  apply  every  invention  in  their  power 
and  such  astonishing  progress  in  the  sciences  for  the  destruction  of  TpynlrimL     But   the 
in  that  ign(MiLnl  age,  he  was  represented,  by  telescope  was  soon  destined   to  more  noble 
the  envy  of  his  illiterate  fraternity,  as  having  and  honourable  achievements.    Jansen,  it  is 
dealings  with  the  devil ;  and,  under  this  pre-  said,  directed  his  instrument  towards  celestial 
tence,  he  was  restrained  from  reading  lectures,  objects,  and  distinctly  saw  the  spots  on  the 
aqd  at  length,  in  1278,  when  sixty >four  years  eur&ce  of  the  moon,  and  discovered  naany 
of  age,  he  was  imprisoned  in  his  cell,  where  new  stars,  particularly  several   pretty  coo- 
he  remained  in  confinement  for  ten  years,  siderable  ones  in  the  Great  Bear.    His  sen 
He  shone  like  a  single  bright  star  in  a  dark  Joannes  is  said   to  have  noticed  the   hicid 
hemisphere — the  glory  of  our  country — and  circle  near  the  Lower  limb  of  the  moon,  novr 
died  at  Oxford,  in   the  year  1294,  in  the  named   Ti/cho,  from  whence  several  blight 
eightieth  year  of  his  age.     "  Friar  Bacon,"  rays  seemed  to  dart  in  difierent  diiectiooi. 
says  the  Rev.  Mr.  Jones,  "  may  be  considered  In  viewing  Jupiter,  he  perceived  two,  seoe- 
as  the  first  of  English  philosophers ;  his  pro-  times  three,  and,  at  the  most,  four  anall  stan, 
found  skill  in  mechanics,  optics,  astronomy,  a  little  above  or  below  himi  and  thought  that 
and  chemistry  would  make  an   honourable  they  performed  revolutions  around  him.  This 
figure  in  the  present  age.    But  he  is  entitled  was  probably  the  first  observation  of  the 
to  further  praise,  as  he  made  all  his  studies  satellites  of  Jupiter,  though  the  person  who 
subservient  to  theology,  and  directed  ftll  his  made  it  was  not  aware  of  the  importanee  of 
vmtings,  as  much  as  could  be,  to  the  glory  his  discoveiy.* 

of  God.  He  had  the  highest  regard  for  the  It  is  not  improbable  that  difierent  persons 
sacred  Scriptures,  and  was  persuaded  they  about  Middlebuig  hit  upon  the  inventioii,  ia 
contain  the  principles  of  all  true  science."  difierent  modes,  about  the  same  time.  Lip 
The  next  person  who  is  supposed  to  have  persheim  seems  to  have  made  his  first  nide 
acquired  a  knowledge  of  telescc^a  was  telescope  by  adjusting  two  glasses  on  a  boaid, 
Joannes  Baptista  Porta,  of  Naples,  who  and  suppcnting  them  on  brass  dreles.f 
flourished  in  the  sixteenth  centuiy.  He  dis-  Other  workmen,  particulariy  Melius  and 
covered  the  Camera  Obacura,  the  knowledge  Jansen,  in  emulation  of  each,  other,  seem  to 
of  which  might  naturally  have  led  to  the  in-  have  nude  use  of  that  diaooveiy,  and  by  the 
vention  of  the  telescope ;  but  it  does  not  ap-  new  form  they  gave  it,  made  aU  the  honoiir 
pear  that  he  ever  constructed  such  an  instru-  of  it  their  own.  One  of  them,  oonsidenng 
dent  Des  Cartes  considers  James  Metius,  the  effects  of  light  as  injurious  to  distiactncsi^ 
a»  Dutchman,  as  the  first  constructor  of  a  tele-  placed  the  glasses  in  a  tube  blackened  with- 
scope,  and  says  that,  *<as  he  was  amusing  in.  The  o^er,  still  more  cautious,  placed 
himself  with  making  mirrors  and  burning-  the  same  glasses  within  tubes  capable  of  slid* 
glases,  he  casually  thought  of  looking  through  ing  one  in  another,  both  to  vary  the  pro^wds, 
two  of  his  lenses  at  a  time,  and  found  that  by  lengthening  the  instrument,  acoording  to 
distant  objects  appeared  very  large  and  dis-  the  pleasure  of  the  observer,  and  to  render  it 
tinct."  Others  say  that  this  great  discoveiy  portalile  and  commodious.  Thus  it  is  pro- 
was  first  made  by  John  Lippersheim,  a  maker  bable  that  different  persons  had  a  share  in  the 
of  spectacles  at  Middleburg,  or,  rather,  by  his  invention,  and  jointly  contributed  to  its  im- 
children,  who  were  diverting  themselves  with  provement.  At  any  rate,  it  is  undoubtedly 
looking  through  two  glasses  i^t  a  time,  and  to  the  Dutch  that  we  owe  the  original  inven- 
placing  them  at  difierent  distances  firom  each  tion*  The  first  telescope  made  by  Jansen  did 
other.  But  Borellus,  who  wrote  a  book  "  on  not  exceed  fifteen  or  sixteen  inches  in  length, 
the  invention  of  the  teleiKope,"  gives  this 

honour  to  Zacharias  Jansen,  another  spectacle  «  Though  Borelhis  mentions  this  eircttauuars, 

maker  in  the  same  tovm,  who,  he  sajs,  made  yet  there  is  some  reason  to  doubt  the  accaracy 

d»  fi»t  telescope  in  1690.    J.n.en  w»  .  "/.;ri;.:!rLlTh«V"<i°SSf,iT.S.:'K"US 

diligent  inquirer  mto  nature,  and,  bemg  en-  old ;  so  that  it  is  more  probable  that  Gatileo  was 

gaged  in  such  pursuits,  he  was  trying  what  the  first  discoverer  of  Jupiter's  satellites- 

c«fi  <*hiiM  hn  mikdA  nf  lonwHi  fftr  those  ouroosea.  *  '^^^  reader  may  see  an  engraving  of  thb  ia 

lae  could  be  made  ot  lenses  tor  inose  purposes,  B,y„nj^„t  j^  ^^e  author's  worli  entiUed  "  7^  /• 

wtien  he  fortunately  hit  upon  the  ooostruction.  provtment  of  Soditw," 
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and  diereibre  its  magnifying  power  conid  not  objects,  the  cancave  diminishes  them ;  it  Vb 

bsTe  been  very  great  true  that  the  convex  magnifies,  but  it  renders 

The  fiunons  Galileo  has  frequently  been  them  confused  and  indistinct,  consequently, 
supposed  to  have  been  the  inventor  of  the  one  glass  is  insufficient  to  produce  the  desired 
telescope,  but  he  acknowledges  that  he  had  effect  Proceeding  to  consider  two  glasses, 
not  the  honour  of  being  the  original  inventor,  and  bearing  in  mind  that  the  plane  glass 
having  first  learned  from  a  Grermanlhat  such  causes  no  (£ange,  I  determined  that  the  in- 
an  instrument  had  already  been  made ;  al-  strument  could  not  consist  of  the  combination 
hough,  Izom  his  own  account,  it  appears  that  of  a  plane  glass  with  either  of  the  other  two. 
.«0  had  actoally  reinvented  this  instrument  I  therefore  applied  myself  to  make  ezperi* 
fhe  following  is  the  account,  in  his  own  mentsoncombinatlonsof  the  two  other  kinds, 
words,  of  the  circumstances  which  led  him  to  and  thus  obtained  that  of  which  I  was  in 
wonstmct  a  telescope :  "  Nearly  ten  months  search.**  If  the  true  inventor  is  the  person 
ago  (namely,  in  Apiil  or  May,  1609,)  it  was  who  makes  the  discovery  by  reasoning  and 
Teported  that  a  certain  Dutchman  had  made  reflection,  by  tracing  facts  and  principles  to 
a  perspective  through  which  many  distant  ob-  their  consequences,  and  by  applying  his  in- 
jects appeared  distinct  as  if  they  were  near,  vention  to  important  purposes,  Uien  Galileo 
8everal  efibds  of  this  wonderful  instrument  may  be  considered  as  the  real  inventor  of  the 
Treie  reported,  which  some  believed  and  telescope.  No  sooner  had  he  constructed 
odiers  denied ;  but,  having  it  confirmed  to  me  this  instrument — before  he  had  seen  any  simi- 
a  few  days  after  by  a  letter  from  the  noble  lar  one — ^than  he  directed  his  tube  to  the 
John  Badoverie,  at  Paris,  I  applied  myself  to  celestial  regions,  and  his  unwearied  diligence 
consider  the  reason  of  it,  and  by  what  means  and  ardour  were  soon  rewarded  by  a  series 
I  might  contrive  a  similar  instrument,  which  of  new  and  splendid  discoveries.  He  descried 
I  afterward  attained  to  by  the  doctrine  of  re-  the  four  satellites  of  Jupiter,  and  marked  the 
fractions.  And,  first,  I  prepared  a  leaden  periods  of  their  revoiutionB ;  he  discovered 
tube,  to  whose  extremilies  I  fitted  two  speo  the  phases  of  Venus,  and  thus  was  enabled 
tade-glasses,  both  of  them  plane  on  one  idde,  to  adduce  a  new  proof  of  the  Corpemican 
and  on  the  other  side  one  of  them  was  spheri-  system,  and  to  remove  an  objection  that  had 
cally  convex,  and  the  other  concave.  Then  been  brought  against  it  He  traced  on  the 
applying  my  eye  to  the  concave,  I  saw  ob*  lunar  orb  a  resemblance  to  the  structure  of 
jects  appear  pretty  large  and  pretty  near  me.  the  earth,  and  plainly  perceived  the  outlines 
They  appeared  three  times  nearer  and  nine  of  mountains  and  vales,  casting  their  diadows 
times  laiger  in  sur&ee  than  to  the  naked  eye ;  over  difierent  parts  of  its  surface.  He  ob- 
and  soon  after  I  made  another,  which  lepre-  served  that,  when  Mars  was  in  quadrature, 
sented  oljects  about  sixty  times  laiger,  and  his  figure  varied  slightly  from  a  perfect  circle, 
eight  times  nearer;  and  at  Ust, having  spared  and  that  Saturn  consisted  of  a  triple  body» 
no  labour  or  expense,  I  made  an  instrument  having  a  small  globe  on  each  side,  which  de- 
so  excellent  as  to  show  things  almost  a  thou-  ception  was  owing  to  the  imperfect  power  of 
sand  times  laiger,  and  above  thirty  times  his  telescope,  which  was  insufiicient  to  show 
nearer,  than  to  the  naked  eye.**  In  another  him  that  the  phenomenon  was  in  reality  a 
part  of  his  writings,  Galileo  informs  us  that  ring.  In  vievring  the  sun,  he  discovraed 
«  he  was  at  Venice  when  he  heard  of  Prince  large  dark  spots  on  the  surfiice  of  that  lumi- 
Maurice's  instrument,  but  nothing  of  its  con-  naiy,  by  which  he  ascertained  that  that 
struction ;  that  the  first  night  after  he  returned  mi^ty  orb  performed  a  revolution  round  its 
to  Padua  he  solved  the  problem,  and  made  axis.  He  brought  to  view  multitudes  of  stars 
his  Instrument  the  next  day,  and  soon  after  imperceptible  to  the  naked  eye,  and  asoer- 
presented  it  to  the  doge  at  Venice,  who,  to  do  tained  that  those  nebulous  appearances  in  the 
him  honour  for  his  gnnd  mvention,  gave  him  heavens  which  constitute  the  Milky  Way 
the  ducal  letters  which  settled  him  for  life  in  consist  of  a  vast  collection  of  minute  stars 
his  lectureship  at  Padua ;  and  the  Republic,  too  closely  compacted  together  to  produce  an 
on  the  26th  of  August,  in  the  same  year  impression  on  our  unassisted  vision, 
f  1610,)  more  than  tripled  his  salary  as  pro-  The  results  of  Galileo's  observations  were 
fossor.*'  given  to  the  world  in  a  siiiall  work,  entitled 

The  following  is  the  account  which  this  *<  Nundua  Sidereiu"  or,  **  News  from  the 

philosopher  gives  of  the  process  of  reasoning  Starry  Regions,**  which  produced  an  extraor- 

which  led  him  to  the  construction  of  a  tele-  dinaiy  sensation  among  the  learned.    These 

scope:  ** I  argued  in  the  following  manner:  discoveries  soon  spread  throughout  Europe, 

The  contrivance  consists  either  of  one  glsSS  and  were  incessantly  talked  of,  and  were  the 

or  more :  one  is  not  sufficient,  since  it  must,  cause  of  much  speculation  and  debate  among 

be  either  convex,  concave,  or  plane ;  the  last  the  circles  of  philosophers.    Many  doubted ; 

does  not  produce  any  sensible  alteration  in  many  positively  refused  to  believe  so  noval 
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and  imlooked-fiyramioaiicenieotSjbecainB  they  to  Ghdileo,  when  alluding  to  Hotkj,  Hjf% 
ran  counter  to  the  philosophy  of  Aristotle,  and  **  He  begged  bo  hard  to  be  foi  given,  that  I  hsva 
til  the  preconoeiTed  notions  which  then  pre-  taken  him  again  into  fiivour  upon  this  pre- 
railed  in  the  learned  world.  It  is  curious,  and  limineiy  condition,  that  I  am  to  show  him 
may  be  instructive,  to  consider  to  what  a  Jupiter's  satellites,  ako  hb  is  to  su  tbxx, 
length  of  absurdity  ignorance  and  prejudice  and  own  that  they  are  there.'' 
carried  many  of  those  who  made  pretensious  The  following  is  a  specimen  of  the  reason- 
to  learning  and  science.  Some  tried  to  rea-  ing  of  certain  pretended  philosophers  of  that 
son  against  the  fiusts  alleged  to  be  discovered ;  age  against  the  discoreries  of  Galileo :  Sizsi, 
others  contented  themselves,  and  endeavoured  a  Florentine  astronomer,  reasons  in  this  strain : 
to  satiafy  others  with  the  simple  assertion  that  "  There  are  seven  windows  given  to  animals 
such  things  were  not,  and  could  not  possibly  in  the  domidl  of  the  head,  through  which  the 
be;  and  the  manner  in  which  they  supported  air  is  admitted  to  the  rest  of  the  taberaade  of 
themselves  in  their  incredulity  was  truly  the  body,  to  enlighten,  to  warm,  and  to  nooriidi 
ridiculous.  <'  O  my  dear  Kepler,"  says  Ga-  it ;  two  nostrils,  two  eyes,  two  ears,  and  a 
lileo,  in  a  letter  to  that  astronomer,  **  how  I  mouth ;  so  in  the  heavens,  or  the  great  world, 
wish  we  could  have  one  hearty  laugh  U>-  there  are  two  fevouraUe  stars,  two  unprop*- 
gether.  Here  at  Padua  is  the  prindp^  pro-  (ioua,  two  luminaries,  and  Mereury  alone  ud- 
feasor  of  philosophy,  whom  I  have  repeatedly  decided  and  indi0erent  From  which,  and 
and  urgently  requested  to  look  at  the  moon  many  other  similar  phenomena  in  natiue, 
and  planets  through  my  glass,  which  ht  perH"  such  as  the  seven  metals,  &&,  we  gather  that 
naeunuly  refuses  to  do,  lest  his  opmions  the  «iumber  of  planeta  is  neetasarUy  seven, 
should  be  overturned.  Why  are  you  not  here  1  Moreover,  the  satellites  are  invisible  to  the 
what  shouts  of  laughter  we  should  have  at  this  naked  eye,  and  therefore  can  exeit  no  inflo 
glorious  folly !  and  to  hear  the  professor  of  ence  on  the  earth,  and  therefore  would  be  use- 
philosophy  at  Pisa  labouring  with  the  Grand-  less,  and  therefore  do  not  exist.  Besides,  as 
duke  with  logical  arguments,  as  if  with  magi-  well  the  Jews  as  other  andent  nations  haw 
cal  incantations  to  charm  the  new  planets  out  adopted  the  division  of  the  week  into  seven 
of  the  dLy.'*  Another  opponent  of  Galileo,  days,  and  have  named  them  from  the  seven 
one  Ohristmann,  says,  in  a  book  he  published,  planets.  Now,  if  we  increase  the  number  of 
'*  We  are  not  to  think  that  Jupiter  has  four  the  planets,  this  whole  system  fails  to  the 
satellites  given  him  by  nature,  in  order,  by  re-  ground."  The  opinions  which  then  prevailed 
volving  round  him,  to  immortalize  the  Medici  in  regard  to  Galileo's  observations  on  the 
who  first  had  notice  of  the  observation.  These  moon  were  such  as  the  following :  Some 
are  thecft-owM  ofidlemen^  who  love  ludicrous  thought  that  the  dark  shades  on  the  moon's 
ideas  better  than  our  laborious  and  industrious  surface  arose  from  the  interposition  of  opaque 
correction  of  the  heavens.  Nature  abhors  so  bodies  floating  between  her  and  the  sun,  whidi 
horrible  a  chaos,  and  to  the  truly  wise  such  prevent  bis  light  from  reaching  those  parts; 
vanity  is  detestable."  One  Martin  Horky,  a  others  imagined  that,  on  account  of  her  vi- 
would-be  philosopher,  declared  to  Kepler,  '<!  dnity  to  the  earth,  she  was  partly  tainted  with 
will  never  concede  Us  four  new  planets  to  the  imperfections  of  our  terrestrial  and  efe- 
tbat  Italian  from  Padua,  though  I  should  die  mentary  nature,  and  was  not  of  that  entirelj 
^  t^;"  and  he  followed  up  this  declaration  pure  and  refined  substance  of  whidi  the  men 
ly  publishing  a  book  against  Galileo,  in  which  remote  heavens  consist ;  and  a  thiid  party 
he  examines  four  principal  questions  respect-  looked  on  her  as  a  vast  mirror,  and  maintained 
ing  the  alleged  planets :  1.  Whether  they  that  the  dark  parts  of  her  surftce  veere  the  ie> 
exist  1  2.  What  they  are  1  3.  What  they  fleeted  images  of  our  eardily  forests  and  moon- 
are  Ukel     4.  Why  they  are!     The  first   tains. 

question  is  soon  disposed  of  by  dedaring  pod-  Such  learned  nonsense  is  a  disgrace  to  oar 
tively  that  he  has  examined  the  heavens  with  spedes,  and  to  the  rational  fiteultxes  with  which 
Gralileo's  own  g^aas,  and  that  no  such  thing  as  man  is  endowed-,  and  exhibits,  in  a  most  In- 
a  satellite  about  Jupiter  exists.  To  the  second,  dicrous  manner,  the  imbecility  and  prejudies 
he  dedares  solemnly  that  he  does  not  more  of  those  who  made  bold  pretensions  to  erodi- 
surely  know  that  he  has  a  soul  in  his  body  tion  and  philosophy.  The  statement  of  such 
than  that  reflected  rays  are  the  sole  cause  facts,  however,  may  be  instructive,  if  tbey  tend 
of  Galileo's  erroneous  observations.  In  re*  to  guard  us  against  those  prejudices  and  pre- 
gard  to  the  third  question,  he  says  that  these  conceived  opinions  which  prevent  the  inind 
planets  are  like  the  smallest  fly  compared  to  from  the  cordid  recept^n  of  truth,  and  from 
an  elephant;  and  finally  concludes,  on  the  the  admission  of  improvements  in  aocicty 
fourth,  that  the  only  use  of  them  is  to  gratify  which  run  counter  to  l(mg-«rtabliflhed  cn^ 
Galileo's  ^  thirst  of  gold,"  and  to  affi>rd  him-  toms.  For  the  same  principles  and  prejudicM^ 
self  a  subject  of  discussion.  Kepler,  in  a  letter  though  in  a  difleient  form,  still  operate  in 
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ndety,  and  retard  the  improvement  of  tbe  tinctly  aeen,  and  that  it  was  of  a  date  long 

social  state,  the  march  of  science,  and  the  pro-  prior  to  the  telescope  lately  invented,  and  had 

greas  of  Christianity.    How  ridiculous  is  it  heen  kept  by  him  as  a  secret    Mr.  Leonard 

for  a  man  calling  himself  a  philosopher  to  be  Digges,  a  gentleman  who  lived  near  Bristol  in 

afraid  to  look  through  a  glass  to  an  existing  the  seventeenth  century,  and  was  possessed  of 

object  in  the  heavens,  lest  it  should  endanger  great  and  various  knowledge,  positively  asserts 

his  previous  ofunions!     And  how  foolish  is  it  in  his  **  Stratoiieos^**  and  in  another  work, 

to  resist  any  improvement  or  reformation  in  that  his  &ther,  a  military  gentleman,  had  an 

society  because  it  does  not  exactly  accord  with  instrument  which  he  used  in  the  field,  by 

existing  opinions  and  with  "the  wisdom  of  which  he  could  bring  distant  objects  near,  and 

our  ancestors  I''  could  know  a  man  at  the  distance  of  three 

It  is  not  a  little  surprising  that  Galileo  miles.  Mr.  Thomas  Digges,  in  the  preiaoe  to 
should  have  first  hit  on  that  construction  of  a  his  *'Pantometria,"  published  in  1591,  de- 
teleaoope  which  goes  by  his  name,  and  which  dares,  **  My  father,  by  his  continual  painful 
was  formed  with  a  concave  glass  next  the  eye.  practices,  assisted  by  demonstrations  mathe- 
This  construction  of  a  telescope  is  more  diffi-  matical,  was  able,  and  sundry  times  hath,  by 
cult  to  be  understood  in  theory  than  one  proportianal  glasses,  duly  situate  in  conve- 
which  is  composed  solely  of  convex  glasses;  nient  angles,  not  only  discovered  things  ftr 
and  iti  field  of  view  is  comparatively  very  oS,  read  letters,  numbered  pieces  of  money, 
small,  so  that  it  is  ahnost  useless  when  at-  with  the  very  coin  and  superacription  thereof 
tempted  to  be  made  of  a  great  length.  In  the  cast  by  some  of  his  fiiends  of  purpose,  upon 
present  day,  we  cannot  help  wondering  that  downs  in  open  fields,  but  also,  seven  miles  ofi; 
€ra]ileo  and  other  astronomers  should  have  declared  what  hath  been  done  that  instant  in 
made  such  discoveries  as  they  did  with  such  private  places.  He  hath  also,  sundry  times, 
an  instrument,  the  use  of  which  must  have  by  the  sunbeams,  fired  powder  and  discharged 
required  a  great  degree  of  patience  and  adp  ordnance  half  a  mile  and  more  distant,  and 
dxesB.  Galileo's  best  telescope,  which  he  con-  many  other  matters  &r  more  strange  and  rare,  of 
stnicted  ''with  great  trouble  and  expense,"  which  there  are  yet  living  divers  witnesses." 
magnified  the  diameters  of  objects  only  thirty-  It  is  by  no  means  unlikely  that  persons 
thrM  times;  but  its  length  is  not  stated,  whidi  accustomed  to  reflection,  and  imbued  with  a 
would  depend  upon  the  focal  distance  of  the  certain  degree  of  ouriosi^,  when  handling 
concave  eyeglass.  If  the  eyeglass  was  two  spectacle  glasses,  and  amusing  themselves 
inches  focus,  the  length  of  the  instrument  with  their  magnifying  powers  and  other  pro- 
would  be  five  foet  four  inches ;  if  it  was  only  parties,  might  sometimes  hit  upon  the  con* 
one  inch,  the  length  would  be  two  foet  eight  straction  ^  a  telescope,  as  it  only  requires 
inches,  which  is  the  least  we  can  allow  to  it  two  lenses  of  difforent  focal  distances  to  be 
•—the  object-glass  being  thirty-three  inches  held  at  a  certain  distance  from  each  other,  in 
focus,  and  the  eyeglass  pboed  an  inch  within  order  to  show  distant  objects  magnified.  Nay, 
this  focus.  With  this  telescope  Galileo  dii-  even  one  lens,  of  a  long  focal  distance,  is  su^ 
covered  the  satellites  of  Jupiter,  the  crescent  fident  to  coni^itute  a  telescope  of  a  moderate 
of  Yenus,  and  the  other  oelestia]  objects  to  magnifying  power,  as  I  shall  show  in  the  se- 
whtch  we  have  alluded.  The  telescopes  queL  But  such  instruments,  when  they  ha|^ 
made  in  Holland  are  supposed  to  have  been  pen  to  be  constructed  acddentally,  appear  to 
constructed  solely  of  convex  glasses,  on  the  have  been  kept  as  secrets,  and  confined  to  the 
principle  of  the  astronomical  telescope ;  and  if  cabinets  of  tiie  curious,  so  that  they  never 
so,  Gralileo's  telescope  was  in  redity  a  new  in-  came  into  general  use ;  and  as  their  magnifying 
vention.  power  would  probably  be  comparatively  small. 

Certain  other  claimants  of  the  invention  of  the  appearance  of  the  heavenly  bodies  would 

the   telescope  have  appeared,  besides  those  not  be  much  enlarged  by  sudi  instruments, 

already  mentioned.    Francis  Fontana,  in  his  nor  is  it  likely  that  they  would  be  often  di- 

**  Celestial  Observations,''  says  that  he  was  as-  rected  to  the  heavens.    On  the  whole,  thcre- 

sured  by  a  Mr.  Hardy,  advocate  of  the  Parlta-  fore,  we  may  condude  that  the  period  when 

ment  or  Paris,  a  person  of  great  learning  and  instruments  of  this  description  came  into  ge- 

undoubted  integri^,  that,  on  the  death  of  his  neral  use,  and  were  applied  to  useful  pur- 

fother,  there  was  found  among  his  things  an  poses,  was  when  Galileo  constructcj^  his  firrt 

old  tobe  by  whidi  distant  objects  were  die-  telescopes. 
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BiroBi  procveding  to  *  puticular  deacrip^ 
tLon  (^  (he  difierenl  kinla  of  tele«apM,  I  ihall 
firit  giTs  I  brisf  description  of  the  camera  ob- 
■rars,  H  the  phenomen*  eihitaited  by  Hat 
iturtrument  tend  to  iiliutnte  the  principls  of  a 
re&sctiDg  teleKope. 

The  lenn  atmrra  o&Kttra  lilsnUy  ngniScs 
t  daikened  nutt  or  toof^  and  hence  it  came 
to  denote  a  chamber,  or  boi,  or  any  other 
place  made  dark  for  llie  purpoae  of  optical 
eipeHnWDU.  The  camera  obicun,  though  a 
■imple,  is  yet  a  very  curioua  and  noble  cod- 
tiivuice,  aa  it  tiaturally  and  clearly  explain* 
the  manner  in  nhich  Timon  is  perfornied,  and 
the  principle  of  the  leleacope,  and  eoteitaina 
the  epectator  vrith  a  moat  eiquiate  picture  of 
mrroonding  objects,  painted  in  the  moot  ao- 
cotate  prapoitiooa  and  coloun  by  the  hand 
ol  nature.  The  maimer  of  exhibiting  the 
pictures  of  objects  in  a  dark  room  is  as  fal- 
Imrs:  In  one  of  the  vrindow-ihutten  of  a 
room  nhich  commands  a  good  proepect  of  ob- 
jects not  yery  distant,  a  circular  hale  should 
be  cut  of  four  «  fiie  inches  diameter.  In 
this  hole  sn  instrument  should  be  placed  called 
aKioptnVia^nhich  has  three  parts,  a  frame, 
a  ball,  and  ■  lens.  The  ball  has  a  circular 
hole  cut  through  the  middle,  in  irhich  the 
lens  is  fixed,  aud  its  use  is  to  turn  every  way, 
so  aa  to  take  in  a  view  of  objects  on  eveiy 
aide.  The  chamber  should  be  made  peifectly 
dark,  and  a  white  acreen,  or  a  large  sheet  Ol 
elephant  paper,  should  he  placed  oppodle  to 
the  lens,  and  in  lis  focus,  to  receive  the  image. 
If,  then,  the  objects  irithout  be  iCiODgly  en- 
lightened by  the  aiui,  there  will  be  a  beautiliil 
living  picture  of  the  scene  delineated  on  the 
whilo  screen,  vrbeie  every  abject  is  beheld  in 
its  proportions,  and  with  its  colours  even  men 
vivid  than  life.  Green  objocta  appear  in  the 
ptcture  more  intensely  green ;  and  yellow, 
blue,  red,  or  while  flowen  appear  much  more 
beautiiiil  in  the  ncture  than  in  nature.  If 
the  tens  be  a  good  one,  and  the  room  peiiectly 
daik,  the  perspective  ia  teeo  in  perfectlaii. 
The  lights  and  shadows  are  not  only  perfectly 
just,  but  Uso  greatly  hei^tened ;  and,  what 
IB  pemliar  to  this  delmeatJoD,  aod  which  no 
other  picture  or  painting  can  eihibit,  the  mtt' 
tvmt  of  all  the  objects  are  exactly  eipreaaad 
in  Am  ptcture;  the  boaghs  of  the  trees  wave, 
the  leavea  quiver,  the  aa>ake  aacenda  in  a 
waving  form,  the  peode  walk,  die  childnn  at 
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their  sports  leap  «id  mn,  the  hmas  and 
cart  move  along,  the  ships  sail,  the  rlonds  aear 
and  shift  their  aspects,  md  stl  as  natural  aa 
in  the  real  objects;  the  motHma  being  aam» 
what  qnkker,  as  they  are  performed  in  a  moK 
contncted  scene. 

These  are  the  iaimilabit  perfectiana  of  a 
picture  drawn  by  the  rays  of  light  as  the  only 
pencil  in  nature's  band,  snd  which  are  £nidMd 
in  a  moment ;  for  no  aensible  interval  elapses 
befbie  the  painting  is"  completed,  when  the 
ground  on  which  it  is  painted  ie  piepaied  snd 
adjusted.  Id  compaiiaon  of  soch  ■  picture^ 
the  finest  productiona  of  the  most  celebrated 
artists,  the  proportions  of  R^ibael,  the  natnral 
linta  and  colouring  of  Titian,  and  the  aha* 
dowing  of  the  Venetians,  are  bat  caarae  and 
Sony  daabing,  when  set  in  competition  with 
what  nature  can  eihibit  by  the  rays  of  li^tt 
paaaing  through  a  nngie  tens.  Tbe  camera 
obacun  is  at  the  same  time  the  paintei'B-  aa- 
siatantaiu.  the  painter's  repioach.  Prom  the 
picture  it  ibims  he  nKeivea  his  beat  inatmo- 
tiona,  and  he  ia  ahown  what  he  abould  eit- 
deavonr  to  attain ;  and  hence,  too,  be  leans 
the  imperfections  of  his  art,  and  what  it  ia  im- 
poawble  for  b™  to  imitate.  Aa  a  proof  of 
this,  the  pictun  fbimed  in  the  dark  cJiambcr 
will  bear  to  be  nugnififid  to  a  great  eitcnt, 
without  defacing  its  beau^  or  injuring  die 
fineness  of  its  parts;  but  the  fineat  paintid 
landscape,  if  viewnl  through  a  high  magni£er^ 
will  appear  only  as  a  coane  daabing. 

The  following  scbune  will  iltusdale  what 

Fig.  37. 


c^i:- 
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m  the  side  of  which,  T  JT^  is  made  the  circular  stated,  the  object  and  its  image  are  both  seen 
hole  V,  in  which,  on  the  inside,  is  fixed  the  under  the  same  angles  by  the  eye  placed  at 
■cioptric  ball.  At  some  considerable  distance  the  centie  of  the  lens.  Without  such  an 
from  this  hole  is  exhibited  a  landscape  of  image  as  is  formed  in  the  camera  obscura— 
houses,  trecS)  and  other  objects.  A  B  C  D,  depicted  either  in  the  tube  of  a  telescope  or 
which  are  opposite  to  the  window.  The  rays  in  the  eye  itself— no  telescope  could  possibly 
which  flow  from  the  different  objects  which  be  formed.  If  we  now  suppose  that,  behind 
compose  this  landscape  to  the  lens  at  K  and  the  image  formed  in  the  dark  chamber,  we 
which  pass  through  it,  are  converged  to  their  apply  a  convex  lens  of  a  short  focal  distance 
respective  foci  on  the  opposite  wall  of  the  to  view  that  image,  then  the  image  will  ,be 
chamber,  H  G,  or  on  a  white  movable  screen  seen  distinctly,  in  the  same  manner  as  we  view 
placed  in  the  focus  of  the  lens,  where  they  common  objects,  such  as  a  leaf  or  a  flower, 
all  combine  to  paint  a  lively  and  beautiful  pio-  with  a  magnifying  glass ;  consequently,  the 
tuie  of  the  range  of  objects  directb^  opposite,  object  itself  will  be  seen  distinct  and  mag^ 
and  on  each  side,  so  far  as  the  lens  can  take  in.   nified;  and  as  the  same  image  is  nearer  to 

Though  I  have  said  that  a  scioptric  ball  one  lens  than  the  other,  it  will  subtend  a 
and  socket  are  expedient  to  be  used  in  the  laigerangleat  the  nearest  lens,  and,  of  course, 
above  experiment,  yet,  where  such  an  instru-  will  appear  larger  than  through  the  other,  and 
ment  is  not  at  hand,  the  lens  may  be  placed  consequently  the  object  will  be  seen  magnified 
in  a  short  tube,  made  of  pasteboard  or  any  in  proportion.  For  example,  let  us  suppose 
other  material,  and  fixed  in  the  hole  made  in  the  lens  in  the  camera  obecura,  or  the  object- 
the  window-shutter.  The  only  imperfS^ction  lens  of  a  telescope,  to  be  five  feet,  or  sixty 
attending  this  method  is,  that  the  lens  can  inches  focal  distance:  at  this  distance  firom 
exhibit  those  objects  only  which  lie  direcfly  the  glass  an  image  of  the  distant  objects  op- 
opposite  the  window.  posite  to  it  will  be  formed.    If,  now,  we  place 

Some  may  be  disposed  to  consider  it  as  an  a  small  lens  two  inches  focal  distance  beyond 
uqpeifection  in  this  picture,  that  all  these  ob-  this  point,  or  five  feet  two  inches  fit>m  the  ob- 
jects appear  in  an  inverted  position ;  as  they  ject-glaas,  the  objects,  when  viewed  through 
must  necessarily  do,  according  to  what  we  die  small  lens,  will  appear  considerably  mag>- 
fonnerly  stated  respecting  the  properties  of  nified,  and  apparently  much  nearer  than  to 
convex  lenses  (p.  33.)  There  are,  however,  the  naked  eye.  The  degree  of  magni^ring 
difi^rent  modes  of  viewing  the  picture  as  if  power  is  in  proportion  to  the  focal  distances 
it  were  erect;  for  if  we  stand  before  the  pic-  of  the  two  glasses;  that  is,  in  the  present 
ture,  and  hold  a  common  mirror  against  our  case,  in  the  proportion  of  two  inches,  the 
breast  at  an  acute  angle  with  the  picture,  and  focus  of  the  small  lens,  to  sixty  inches,  the 
look  down  upon  it,  we  shall  see  all  the  images  focus  of  the  object  lens.  Divide  sixty  by 
of  the  objects  as  iif  restored  to  their  erect  po-  two,  the  quotient  is  thii^,  which  gives  thp 
sition ;  and  by  the  reflection  of  the  mirror,  magnifying  power  of  such  a  telescope ;  that 
the  picture  will  receive  such  a  lustre  as  will  is,  it  represents  objects  thirty  times  nearer,  or 
make  it  still  more  delightful  Or,  if  a  large  under  an  angle  thirty  times  laiger  than  to  the 
concave  mirror  were  placed  before  the  picture  naked  eye.  If  the  eyeglass,  instead  of  being 
at  such  a  distance  that  its  image  may  appear  two  inches,  were  only  one  and  a  half  inch 
before  the  mirror,  it  will  then  appear  erect  focus,  the  magnifying  power  would  be  in  the 
and  pendulous  in  the  air  in  the  front  of  the  proportion  of  one  and  a  half  to  sixty,  or  fqrty 
mirror.  Or,  if  the  image  be  received  on  a  times.  If  the  eyeglass  were  three  indies 
frame  of  paper,  we  may  stand  behind  the  focus,  the  magnifying  power  would  be  twenty- 
frame,  with  our  face  towards  the  window,  and  times ;  and  so  on  with  regard  to  other  pro- 
look  <Jk>wn  upon  the  objects,  when  they  will  portions.  In  all  cases,  where  a  telescope  is 
appear  as  if  erect  composed  of  only  two  convex  lenses,  the  magw 

The  experiment  of  the  camera  obscure  may  nifying  power  is  determined  hy  dividing  the 
wBt^e  to  explain  and  illustrate  the  nature  of  a  focal  distance  of  the  ohjeet-guua  by  the  focal 
common  refracting  telescope.  Let  us  sup-  aM^once  o/"^^  eye^/oM,  and  the  quotient  ex- 
pose that  the  lens  in  the  window-shutter  re-  presses  the  number  of  times  the  object  is 
presents  the  object-glass  of  a  refracting  tele-  magnified  in  length  and  breadth.  This  and 
scope.  This  glass  forms  an  image  in  its  focus,  various  other  particulars  will  be  more  fully 
which  is  in  every  respect  an  exact  picture  or  illustrated  in  the  sequel, 
representation  of  the  objects  before  it ;  and  In  performing  experiments  with  the  camera 
censeqaently  the  same  idea  is  formed  in  the  obscure  in  a  darkened  chamber,  it  is  requlBite 
mind  of  the  nature,  form,  magnitude,  and  that  the  following  parttculan  be  attended  to : 
eolonr  of  the  object,  whether  the  eye  at  the  1.  That  the  lens  be  well  figured,  and  free 
centre  of  the  glass  views  the  object  itself,  or  from  any  veins  or  blemishes  that  might  dis- 
the  image  formed  in  its  focus ;  for,  as  formerly   tort  the  picture.  2.  That  it  be  placed  directly 
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agaiiut  Ibe  oliject  whose  image  we  wish  to  temal  objects  were  repieeented.    To  lemofO 

see  distinctly  delineated.    3.  The  lens  should  the  spherical  protaberances  of  the  tin  foil,  be 

be  of  a  proper  size,  both  as  to  its  breadth  and  ground  the  surface  veiy  carefully  with  a  bed 

focal  distance.    It  should  not  be  less  than  of  hones  which  he  had  .used  for  working  the 

three  or  four  feet  focal  distance,  otherwise  the  plane  specula  of  Newtonian  telescopes.    By 

picture  will  be  too  small,  and  the  parts  of  ob-  this  operation,  which  may  be  performed  wi^ 

jects  too  minute  to  be  distinctly  perceived;  out  injuring  the  other  side  <3f  the  mirror,  he 

nor  should  it  exceed  fifteen  or  eighteen  feet,  obtained  a  surfiice  finely  adapted  for  the  recep- 

as  in  this  case  the  picture  will  be  faint,  and  tion  of  images.    The  minute  parts  of  the 

of  course  not  so  pleasing.    The  best  medium  landscape 'were  formed  with  bo  much  pred- 

as  to  focal  distance  is  from,  five  to  eight  or  ten  non,  and  the  brilliancy  of  colouring  was  so 

feet    The  aperture,  too,  or  breadth  of  the  uncommonly  fine,  as  to  equal,  if  not  exceed, 

glass,  should  not  be  too  small,  otherwise  the  the  images  that  are  formed  in  the  air  by  means 

image  will  be  obscure,  and  die  minute  parts  of  concave  specula. 

invisible  for  want  of  a  sufficient  quantity  of       The  following  additional  ciicumstanoes  may 

fight    A  lens  of  six  feet  focal  distance,  for  be  stated  req)ecting  the  phenomena  exhibited 

example,  will  require  an  aperture  of  at  least  in  the  dark  chamber :  A  more  critical  idea 

two  inches.    Lenses  of  a  shorter  focal  dis-  may  be  fbrmed  of  any  mootmeni  in  the  p^ 

tanoe  require  less  apertures,  and  those  of  a  ture  here  presented  than  fimn  observing  the 

longer  focal  distance  larger.    But  if  the  aper-  motion  of  the  oliject  itsel£    For  instance,  a 

ture  be  too  large,  the  image  will  be  confused  man  walking  in  a  picture  appeara  to  have  an 

and  indistinct,  by  the  admission  of  too  much  undulating  motion,  or  to  rise  up  and  dovrn 

light  •  4.  We  should  never  attempt  to  exhi-  e^eiy  step  he  takes,  and  the  hands  seem  to 

bit  the  images  of  objects,  unless  when  the  sun  move  almost  exactly  like  a  pendulum;  whereas 

is  shining  and  strongly  illuminating  the  ob-  scarcely  any  thing  of  this  kind  is  observed  in 

jects,  except  in  the  case  of  veiy  near  objects  the  man  himself  as  viewed  b^  the  naked  eye. 

placed  in  a  good  light    As  one  of  the  greatest  Again,  if  an  object  be  placed  just  twke  die 

beauties  in  the  phenomena  of  the  dark  cham-  focal  distsnce  fh>m  the  lens  vrithout  the  room, 

her  consists  in  the  exquisite  appearance  and  the  image  will  be  formed  at  the  same  distance 

contrast  of  light  and  shadows,  nothing  of  this  from  the  lens  vnthin  the  room,  and,  conse- 

kind  can  be  perceived  but  from  objects  directly  quently,  will  be  equal  in  magnitude  to  the  ob- 

illuminated  by  the  sun.    6.  A  south  window  jcct  itsel£    Tbe  recognition  of  this  principle 

should  never  be  used  in  the  forenoon,  as  the  may  be  of  use  to  those  concerned  in  drawmg, 

sun  cannot  then  enlighten  the  north  side  of  and  who  may  wish  at  any  time  to  fonn  a  pio- 

an  object ;  and,  besides,  his  rays  would  be  apt  ture  of  the  exact  sixe  of  the  object    If  tbe 

to  shine  upon  the  lens,  which  would  make  object  be  placed  further  from  the  lens  than 

the  picture  appear  with  a  confused  lustre,  twice  its  focal  length,  the  image  will  be  less 

An  east  window  is  best  in  the  afternoon,  and  than  the  object    If  it  be  placed  nearer,  the 

a  western  in  the  morning ;  but  a  north  win-  image  will  be  greater  than  the  life.   In  regard 

dow  is  in  most  cases  to  be  preferred,  eepe-  to  immovable  objects,  such  as  houses,  gap- 

cially  in  the  forenoon,  when  the  sun  is  shimng  dens,  trees,  ^cc,  we  may  form  the  images  of 

with  his  greatest  strength  and  splendour.    In  so  many  difierent  sizes  by  means  of  different 

general,  that  window  ought  to  be  used  which  lenses,  the  shorter  focus  making  the  leswr 

looks  to  the  quarter  opposite  to  that  in  which  picture,  and  the  longer  focal  distance  the 

the  sun  is  shining.  huvest 

The  picture  should  be  received  upon  a  very       The  experiments  with  the  camera  obacurs 

white  sur&oe,  as  the  finest  and  whitest  paper,  may  likewise  serve  to  illustrate  the  nature  of 

or  a  painted  doth,  bordered  with  blad^;  as  vision  and  the  functions  of  the  human  eya 

white  bodies  refiect  most  copiously  the  incum-  The  frame*  or  socket  of  the  sdoptric  ball  may 

bent  rays,  while  black  surfeces  absorb  them,  represent  the  orbit  of  the  natural  eye.    The 

If  the  screen  could  be  bent  into  the  concave  ball,  which  turns  eveiy  way,  resembles  the 

segment  of  a  sphere,  of  which  the  focal  dis-  globe  of  the  eye,  movable  in  its  oibit    The 

tance  of  the  double  convex  lens  which  is  used  hole  in  the  ball  may  represent  the  wipil  of 


a  number  of  white  substances  of  diflTercnt  dfr-  objects  on  the  inner  part  of  the  eye.  The 
grees  of  smoothness,  B4^  several  metallic  sur«  dark  chamber  itself  is  somewhat  similar  to 
feces  on  whidi  to  receive  the  image,  he  hap-  the  internal  part  of  the  eye,  which  is  lined 
pened  to  receive  the  picture  on  the  silvered  all  around,  and  under  the  retma,  with  a  mem- 
back  of  a  looking-ghss,  and  was  surprised  at  brane,  over  which  is  spread  a  nmcus  oft  veiy 

.SSf"^  ""^  distinctness  wiUi  which  ex-  Uack  colour.    The  white  waD  or  finme  of 
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wbitB  paper  to  reoeive  the  picture  of  objects 
is  a  fair  representation  of  the  retina  of 
the  eye,  on  which  all  the  images  of  external 
objects  are  depicted.  Such  are  some  of 
the  general  points  of  resemblance  between 
the  apparatus  connected  with  the  dark  cham- 
ber and  the  oigan  of  yidon ;  but  the  human 
eye  ia  an  organ  of  such  exquisite  construction, 
and  composed  of  such  a  number  and  variety 
of  delicate  parts,  that  it  cannot  be  adequately 
represented  by  any  artificial  contrivance. 

The  darkened  chamber  is  frequently  ex- 
hibited in  a  manner  somewhat  di&ient  from 
what  we  have  above  described,  as  in  the 
following  scheme  (fig.  38,}  whidi  is  termed 

Fig.  38. 


made  in  one  of  the  sides,  as  at  E,  <irhere  the 
eye  could  be  applied  to  view  the  picture. 
The  focal  distances  of  the  lenses  used  in 
large  instruments  of  this  kind  are  generally 
from  eight  to  twelve  feet,  in  which  case  they 
produce  a  telescopic  effect  upon  distant  ol^ 
jects,  so  as  to  make  them  appear  nearer  than 
when  viewed  with  the  naked  eye. 

The  camera  obacura  is  frequently  con- 
structed in  a  portable  form,  so  as  to  be  car- 
ried about  for  the  purpose  of  delineating 
landscapes.  The  following  is  a  brief  de- 
scription of  the  instrument  in  this  form ;  A  C 

Fig,  89. 


Che  revohmg  camera  obscttnu  In  this  con- 
struction, kH  represents  a  plane  fidrror  or 
metallic  reflector,  placed  at  half  a  right  angle 
to  the  convex  lens  H  /,  by  which  rays  pro- 
ceeding from  objects  situated  in  the  direction 
O  are  reflected  to  the  lens,  which  forms  an 
image  of  the  objects  on  a  round  white  table 
at  T,  around  which  several  spectators  may 
stand  and  view  the  picture  as  delineated  on  a 
horizontal  plane.  The  reflector,  along  with 
its  case,  is  capablf^of  being  turned  round  by 
means  of  a  simple  apparatus  connected  witi^ 
it,  so  as  to  take  in,  in  succession,  all  the  ob- 
jects which  compose  the  surrounding  scene. 
But  as  the  image  here  is  received  on  a  flat 
surface,  the  rays,  f  m,  e  n,  will  have  to  di- 
verge fbrther  than  the  central  rays,  dcf  and 
hence  the  representation  of  the  object  near 
the  sides  will  be  somewhat  distorted;  to 
remedy  which,  the  image  should  be  received 
on  a  concave  surface,  ub  ab  or  P  &  This  is 
the  general  plan  of  those  camera  obscures, 
fitted  up  in  large  wooden  tents,  which  are 
frequenUy  exhibited  in  our  large  cities,  and 
removed  occasionally  from  one  town  to  an- 
other. Were  an  instrument  of  this  kind 
fitted  up  on  a  smaU  9cakf  a  hole  might  be 


is  a  convex  lens,  placed  near  the  end  of  a 
tube  or  drawer,  which  is  movable  in  the  side 
of  a  square  box,  within  which  is  a  plane 
mirror,  D  E,  reclining  backward  in  an  angle 
of  forty-five  degrees  from  the  perpendicular, 
p  n.  The  pencils  of  rays  flowing  from  the 
object  0  Bt  and  passing  through  the  convex 
lens,  instead  of  proceeding  forward  and  form- 
ing the  image  if  /,  are  reflected  upward  by 
the  mirror, and  meet  in  points, ub  F  0,tXihd 
saine  distance  at  which  they  would  have  met 
at  H  and  7,  if  they  had  not  been  intercepted 
by  tbe  mirror.  At  F  O,  the  image  of  the  ob- 
ject O  B,\b  received  either  on  a  piece  of 
oiled  paper,  or  more  frequently  on  a  plane 
unpoUthed  glass,  placed  in  the  horizontal 
situation  F  G,  which  receives  the  images  of 
all  objects  opposite  to  the  lens,  and  on  which, 
or  on  an  oiled  paper  placed  upon  it,  their 
outlines  may  be  traced  by  a  penciL  The 
movable  tube  on  which  the  lens  is  fixed 
serves  to  adjust  the  focus  for  near  and  distant 
objects,  till  their  images  appear  distinctly 
painted  on  the  horizontal  glass  at  F  G.  The 
following  is  the  most  common  form  of  the 
box  of  this  kind  of  camera  obscura.  A  is  the 
position  of  the  lens,  J7  C  the  position  of  the 
mirror,  D  the  plane  unpolished  glass  on  which 
the  images  are  depicted,  G  Ha  movable  top 
or  screen  to  prevent  the  light  from  injuring 
the  picture,  and  E  F  the  movable  tube. 

The  Daguerreotype^ — ^An  important  and 
somewhat  surprising  discovery  has  lately  been 
made  in  relation  to  the  picture  formed  by  the 
camera  obscura.  It  b  found  that  the  images 
formed  by  this  instrument  are  capable  of  be- 
ing indelibly  fixed  on  certain  surfaces  pre- 
viously prepared  for  the  purpose,  so  that  th« 
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When  •  produced  hj  light    M,  Dagnene  gan  it  dM 
ir  Itmdscape   duub  of  HtUagn^hy,  or  writing  Znf  the  tun  ,- 
(H  which  RppeUatim  ua  denied  from  iha 
Fig^  40.  Greek,  and  um  expreniTe,  in  iiifDe  degne,  of 

the  DBtoTB  of  (be  ptoeeea.  We  ihall,  how- 
erer,  make  uae  of  the  lerm  DagnerTeMjpe, 
denied  from  the  lume  of  the  ioTcntor. 

Ai  it  doea  not  bll  within  our  pJan  to  gii* 
uij  minnle  deamption*  of  the  Dtguerreoiype 
proceH,  we  ihall  juit  give  ■  tew  gencrel  hioli 
m  reference  to  it,  referring  thne  who  wish  fa- 
puliculai  details  to  the  aeparate  trealieee  wbidi 
hare  been  puhUibed  reipectiiig  it  The  fir* 
^ng  neceanry  lo  he  attended  to  in  thii  art 
'a  the  preparation  of  the  plale  on  which  the 
drawing  ij  to  be  made.  The  plato  conaiati 
itrmgly  iQuininated  bj  the  mn,  and  the  pre-  of  a  thin  leaf  of  copper,  phited  with  slier, 
pared  ground  tor  receiTing  the  image  is  ad-  both  metala  together  not  brang  thicker  thin  a 
justed,  and  a  certain  time  allowed  (o  elapse  card.  The  object  of  the  Copper  is  simplj  to 
till  the  lays  of  light  produce  theii  due  efiect,  support  the  silver,  which  most  be  the  poitM 
in  a  few  minutes,  or  even  seconda,  a  picture  that  can  be  procured.  But,  though  the  copper 
of  the  objects  opposite  to  the  lens  t*  indetibl;  should  be  no  thicker  than  to  serve  the  purpess 
impressed  upon  the  prepared  piste,  in  alt  the  of  support,  it  is  Deeessary  that  it  sbouU  b* 
accurate  propoitioDs  and  penpectire  which  ao  thick  as  to  prevent  the  plale  from  being 
distinguiah  the  imagee  formed  in  s  dark  warped,  which  would  produce  a  distortion  af 
chaubei,  which  lepiesentatioiu  msj  be  hung  (he  images  traced  upon  it.  This  plale  mnrt 
up  in  i^iartnKDts,  along  with  other  paintings  he  polished ;  and  for  this  purpose  the  fbUow- 
snd  engravioga,  and  will  likely  retain  their  ing  articlea  are  required;  a  vial  of  olire  oil; 
beauty  and  lustre  for  many  years.  These  some  very  fine  cotton ;  pnmice-powder  ground, 
are  pictures  of  nature's  own  worlunauidiip,  till  it  is  almost  impalpable,  and  lied  up  in  a 
Gniahed  in  an  extremely  abort  apace  of  time,  [oeca  of  fine  muslin,  thin  enoogfa  to  let  Ihe 
and  with  the  moat  eiqiuaite  delicacy  Bind  ao  powder  pass  through  without  touching  the 
curacy.  The  eSect  is  evidently  owing  to  cer-  plate  when  the  bag  is  ahaken ;  a  tittle  nitric 
tain  diemical  prapertiea  in  the  rays  of  light,  acid,  diluted  with  sixteen  times,  by  measure, 
and  opena  a  new  field  6x  expeiiment  and  in-  its  own  quantity  of  waler;  a  &anie  of  wire  m 
vestigatiiHi  to  the  philosopher.  The  only  which  to  [dace  the  plole  when  being  healed ; 
defect  in  the  picture  is,  that  it  is  not  coloured ;  a  spitjt  lamp  to  rnake  the  plate  hot ;  a  anaB 
but,  in  the  progreaa  of  expeiimenta,  on  this  box,  with  inclined  aidea  within,  and  having  a 
•ubject,  it  is  not  imlikely  that  even  thia  ob-  lid  to  shut  it  up  cloae ;  snd  a  square  board 
ject  waj  he  accomplished,  in  which  case  we  large  enough  to  hold  the  drawing,  aikd  having 
should  be  able  to  obtain  the  most  accurate  catches  at  the  aide  to  keep  it  steady, 
landscapes  and  repreeeotations  of  all  objects,  To  the  shove  prerequiailea,  a  good  mmav 
which  can  poaaibly  be  formed.  This  art  or  obacura  ia,  of  courae.  eaacntially  neceisaiy. 
discovery  goea  by  the  name  of  the  iJi^ucn-eo-  This  instrument  rtionld  be  large  enough  to 
li/pe,  from  M.  Daguene,  a  Frenchman,  who  admit  the  plate  of  the  largest  dnwing  in- 
is  supposed  to  have  been  the  first  discoverer,  tended  to  be  taken.  The  lens  which  lomm 
and  who  received  a  large  premium  from  the  the  image  of  the  abject  should,  if  poeaitile,  be 
French  govemment  for  diacloaing  the  proccaa,  aehrotnalic,  and  of  a  considerable  diameter. 
.  and  niaking  the  discovery  public.  Several  In  an  excellent  instrument  of  thia  deacriptisD 
improvements  and  modificationa,  in  reference  now  before  me,  the  lena  is  an  achromatic 
to  the  preparation  of  the  plates,  have  been  about  three  inchea  diameter,  but  capable  of 
mademnce  the  discovery  was  first  announced,  being  contracted  to  a  amaller  aperture.  Ila 
about  thebeginningof  1839;  and  thepicturei  focal  dirtance  is  sboul  17  inches;  and  the 
fomwd  OD  thia  principle  are  ttequentiy  dis-  box,  exclusive  of  the  tube  which  contains  the 
tinguished  by  the  name  of  PAetogmic  draw-  lens,  is  16  inches  long,  13J  inches  bfoad,  and 
inga,  and  are  now  exhibited  at  most  of  our  II  inches  deep.  It  fonns  a  beautiful  sod  well- 
public  scientific  inatitutioiu.  defined  pictore  of  ever;  well  enlightened  oh- 

Thia  new  science  or  art  hai  been  diatin-    ject  to  which  it  is  directed. 
gnished  by  diSerent  names.  It  wai  first  called       Before  the  plate  is  placed  in  Ihe.caown, 
Pheliigraphy,  bosa  two  Gicek  words,  aignily-    there  are  certain  operationa  to  be  pcrlonDed 
ing  writing  by  light  i  it  was  aflenvanj  called    1 .  The  surlace  of  the  plale  shonld  he  mala 
the  art  of  FhoU^tnic  Drawing,  or  drawing   perlecti;  smooth,  or  highly  paliali«l.     Fqc 
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duB  pnrpoBe  it  must  be  laid  flat,  with  the  more  speedily  than  the  didler  ImniDOsity  of  a 
silver  side  upward,  upon  sevoral  folds  of  paper  northern  clime.  Some  hours  of  the  day  are 
fi>r  a  bedding;  and  having  been  well  polished  likewise  more  fi&voarable  than  others.  Da- 
in  the  usual  way,  the  surface  must  be  pow*  guerre  states  that  "  the  most  fiivourablc  is 
dered  equally  and  carefully  with  fine  pumice  from  7  a.m.  to  8  o'clock  p.x.,  and  that  a 
inclosed  in  the  muslin  bag.  Then  taking  a  drawing  could  be  e£^ted  in  Paris  in  three  or 
little  cotton  wool,  dipped  in  olive  oil,  it  must  four  minutes  in  June  and  July,  which  would 
be  rubbed  over  Ihe  plate  with  rounding  strokes,  require  five  or  six  in  May  and  August,  and 
and  then  crossing  them  by  others  which  com-  seven  or  eight  in  April  and  September."  In 
mence  at  right  angles  with  the  first  This  the  progress  of  this  art,  at  the  present  time, 
process  must  be  repeated  frequently,  changing  portraits  and  other  objects  are  frequently  dfr* 
the  cotton,  and  renewing  the  pumice-powder  Uneated  in  the  course  of  a  few  seconds, 
eveiy  time.  A  small  portion  of  cotton  must  4.  Immediately  afier  removing  the  plate 
now  be  moistened  with  the  diluted  nitric  acid,  from  the  camera,  it  is  next  placed  over  the 
and  applied  equally  to  the  whole  sur&ce.  vapour  of  mercury,  which  is  placed  in  a  cup 
The  next  tiling  to  be  done  is  to  make  the  at  the  bottom  of  a  box,  and  a  spirit  lamp 
plate  thoroughly  and  equally  hot,  by  holding  applied  to  its  bottom  till  the  temperature  rise 
the  plate  with  a  pair  of  pincers  by  the  corner  to  140*^  of  Fahrenheit  This  process  is  in- 
over  a  charcoal  fire,  and  when  the  plate  is  tended  to  bring  out  the  image,  which  is  not 
sufficiently  hot,  a  white  coating  will  be  ob-  visible  when  withdrawn  from  the  camera; 
served  on  the  sUver^  which  indieates  that  that  but  in  the  course  of  a  few  minutes  a  faint 
part  of  the  operation  is  finbhed.  An  even  traceiy  will  begin  to  appear,  and  in  a  very 
cold  surface  is  next  wanted,  such  as  a  metallic  short  time  the  figure  will  be  clearly  developed, 
plate  cooled  almost  to  the  freezing  point  by  5.  The  next  operation  is  iojix  the  imprU' 
muriate  of  soda,  and  to  this  the  heated  plate  non.  In  order  to  this,  the  coating  on  which 
must  be  suddenly  transferred.  the  design  was  inqn-esaed  most  be  remo^^, 

2.  The  next  operation  is  to  give  the  plate  a  to  preserve  it  fix>m  being  decomposed  by  the 
coating  of  iodine.  This  is  accomplished  by  rays  of  light  For  this  purpose,  the  plate  is 
fixing  the  plate  upon  a  board,  and  then  put-  placed  in  a  trough  containing  common  water, 
ting  it  into  a  box  containing  a  little  dish  with  plunging  and  withdravnng  it  immediately,  and 
iodine  divided  into  small  pieces,  with  its  face  then  plunging  it  into  a  solution  of  salt  and 
downward,  and  supported  with  small  brackets  water  till  the  yellow  coating  has  disappeared. 
at  the  comers.  In  this  position  the  plate  must  Such  is  a  very  brief  sketch  of  the  phott^e- 
remain  till  it  assume  a  fuU  gold  colour^  mc  processes  of  Daguerre.  Other  substances, 
through  the  condensation  of  the  iodine  on  its  however,  more  easily  prepared,  have  been  re- 
surfiice,  which  process  diould  be  conducted  commended  by  Mr.  Talbot,  F  JI.S.,  who  ap- 
in  a  darkened  apartment  The  requisite  time  pears,  about  the  same  time,  to  have  invented 
tat  the  condensation  of  the  iodine  varies  from  a  process  somewhat  similar  to  that  of  Daguerre. 
&ye  minutes  to  half  an  hour.  When  this  pro-  The  following  are  his  directions  fi>r  the  prepa* 
cess  is  satis&ctorily  accomplished,  the  plate  i^^on  oi photogenic  paper : 

should  be  immediately  fixed  in  a  frame  with       The  paper  is  to  be  dipped  into  a  solution 

catches  and  bands,  and  placed  in  the  camera ;  of  salt  in  water,  in  the  proportion  of  half  an 

and  the  transference  from  one  receptacle  to  ounce  of  salt  to  half  a  pint  of  water.    Let  the 

another  should  be  made  as  quickly  as  possi-  superfluous  mobture  drain  off,  and  then  lay- 

blc,  and  with  only  so  much  light  as  will  enable  ing  the  paper  upon  a  dean  cloth,  dab  it  gently 

the  operator  to  see  what  he  b  doing.  with  a  napkin,  so  as  to  prevent  the  salt  collecU 

3.  The  next  operation  b  to  obtain  the  ing  in  one  spot  more  than  in  another.  The 
drawing.  Having  placed  the  camera  in  firont  paper  b  then  to  be  pinned  down,  by  two  of  its 
of  the  scene  to  be  represented,  and  the  lens  comers  on  a  drawing-board  by  means  of  com- 
beiog  adjusted  to  the  proper  focus,  the  ground  mon  pins,  and  one  side  washed  or  wetted  with 
glass  of  the  camera  is  withdrawn,  and  the  pre-  the  photogenic  fluid,  using  the  bmsh  prepared 
pared  plate  b  substituted  for  it,  and  the  whole  for  that  purpose,  and  taking  care  to  distribute 
10  left  till  the  natural  images  are  drawn  by  it  equally.  Next,  dry  the  paper  as  rapidly  as 
the  natural  light  from  the  object  The  time  you  can  at  the  fire,  and  it  will  be  fit  for  use  for 
necessary  to  leave  the  plate  for  a  complete  most  purposes.  If,  when  the  paper  b  exposed 
delineation  of  the  objects  depends  upon  the  to  the  sun's  rayf,  it  should  assume  an  irrrgular 
intensity  of  the  light  Objects  in  the  shade  tint,  a  very  thin  extra  wash  of  the  fluid  will 
^11  require  more  time  for  their  delineation  render  the  colour  uniform,  and,  at  the  same 
than  those  in  the  broad  light  The  full,  clear  time,  somewhat  darker.  Should  it  be  re- 
light of  the  south  of  Europe,  Spain,  Italy,  and  quired  to  make  a  more  sensitive  description 
particulariy  the  more  glowing  brilliancy  of  of  paper,  after  the  first  application  of  the  fluid 
tropical  countries,  ¥rill  efiect  the  object  much  the  solution  of  salt  should  be  aimlied,  and  the 
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paper  dried  at  the  fiie.  Apply  a  second  waah  that  it  delineatefl  the  most  pronuneat  ftatmet 
of  the  6md,  and  dry  it  at  the  fire  again :  em-  of  a  landscape.  The  time-elained  excres- 
ploy  the  salt  a  third  time,  dry  it,  and  one  cencea  on  a  tree,  the  blades  of  grass,  die  leaf 
application  more  of  the  fluid  wUl,  when  dried,  of  a  rose,  the  neglected  weed,  the  mcMs  cm 
ha^e  made  the  paper  extremely  sensitive,  the  summit  of  a  lofty  tower,  and  similar  ob- 
When  slips  of  such  papers,  difierently  pre-  jects,  are  traced  with  the  same  accuracy  as 
pared,  are  exposed  to  the  action  of  daylight,  the^Iaiger  objects  in  the  surrounding  scene, 
those  which  are  soonest  afiected  by  the  light,  It  is  not  improbable,  likewise,  that  this  art 
by  becoming  dark,  are  the  best  prepared.  (still  in  its  infancy,)  when  it  approximates  to 

When  photogenic  drawings  are  finished  in  perfection,  may  enable  us  to  take  representa- 
a  perfect  way,  the  designs  then  taken  on  ^tud  tions  of  the-  sublime  objects  in  the  heavens, 
plate  or  paper  are  exceedingly  beautiful  and  The  sun  aflbrds  sufficient  light  for  this  par- 
correct,  and  will  bear  to  be  inspected  with  a  pose ;  and  there  appears  no  insurmountabk 
considerable  magnifying  power,  so  that  the  obstacle  in  taking,  in  this  way,  a  highly-ma^ 
most  minute  portions  of  the  objects  delineated  nified  picture  of  that  luminary,  whic^  diall  be 
may  be  distinctly  perceived.  We  have  seen  capable  of  being  again  magnified  by  a  power- 
portraits  finished  in  this  way  by  a  London  ful  microscope.  It  b  by  no  means  improba- 
artist  with  an  accuracy  whidi  the  best  minia-  ble,  from  experiments  that  have  hitherto  been 
ture  painter  could  never  attempt,  every  fea-  maule,  that  we  may  obtam  an  accurate  deline- 
tnre  being  so  distinct  as  to  bear  being  viewed  ation  of  the  lunar  world  fi!om  the  moon  her* 
with  a  deep  magnifier.  And  in  landscapes  ael£  The  plated  disks  pAspared  by  Dagnerre 
and  buildings,  such  is  the  delicacy  and  accu-  receive  impressions  from  the  action  of  the  hi* 
racy  of  such  representations,  that  die  marks  nar  rays  to  such  an  extent  as  pennita  the 
of  the  chisel  and  the  crevices  in  the  stones  hope  that  photographic  charts  of  the  moon 
may  finequently  be  seen  by  applying  a  magni-  may  soon  be  obtained ;  and,  if  so,  they  wiD 
fying  lens  to  the  picture;  so  that  we  may  excel  in  accuracy  all  the  delineations  of  this 
justly  exclaim,  in  the  words  of  the  poet,  orb  that  have  hitherto  been  obtained ;  and  if 
**  Who  can  paint  like  Nature !"  That  liort  they  should  bear  a  microscopic  power,  objects 
— ^which  is  tile  first-bom  of  Deity,  whidi  per>  may  be  perceived  on  the  lunar  snriaoe  which 
vades  all  space,  and  illuminates  all  worlds —  have  hitherto  been  invisible.  Nor  is  it  im- 
in  the  twinkling  of  an  eye,  and  with  an  ao-  possible  that  the  planets  Venus,  Mais,  Jupi- 
Guracy  which  no  art  can  imitate,  depicts  every  ter,  and  Saturn  may  be  delineated  in  this  vray, 
object  in  its  exact  form  and  proportions,  su-  and  objects  discovered  which  camiot  be  de- 
perior  to  every  thing  that  human  genius  can  scried  by  means  of  the  telescope.  It  might, 
produce.  perhaps,  be  considered  as  beyond  the  bounds 

The  photogenic  art,  in  its  progress,  will  of  probability  to  expect  that  even  distant  ne- 
doubtless  be  productive  of  many  highly  inter-  hulas  might  thus  be  fixed,  and  a  delineation 
esUng  and  beneficial  effects.  It  afibrds  us  the  of  their'  objects  produced  which  shall  be  ca- 
power  of  representing,  by  an  accurate  and  pable  of  being  magnified  by  microscopes ;  but 
rapid  process,  all  the  grand  and  beautifiil  ob-  we  ought  to  consider  that  the  art  is  yet  <»ly 
jects  connected  vrith  our  globe,  the  landscapes  in  its  infancy,  that  plates  of  a  moxe  ddicate 
peculiar  to  eveiy  country,  the  lofty  ranges  of  nature  than  those  hitherto  used  may  yet  be 
mountains  whidi  distinguish  Alpine  regions,  prepared,  and  that  other  properties  of  Kght 
the  noble  edifices  which  art  has  reared,  the  may  yet  be  discovered  which  shall  fadlitate 
monumental  remains  of  antiquity,  and  every  such  designs.  For  we  ought  now  to  set  no 
other  object  which  it  would  be  interesting  for  boundaries  to  the  diseoveries  of  science,  and 
human  bemgs  to  contemplate ;  so  that,  in  the  to  the  practical  applications  of  scientific  dis- 
course of  time,  the  geneial  scenery  of  our  coveiy  which  genius  and  art  may  aooom- 
world,  in  its  prominent  parts,  might  be  ex-   plisb. 

hibited  to  almost  every  eye.  The  comlnission  In  short,  this  invention  leads  to  the  conclo- 
of  the  French  Chambers,  when  referring  to  sion  that  we  have  not  yet  discovered  all  the 
this  art,  has  the  following  remark :  **  To  copy  wonderful  properties  of  that  luminous  agent 
the  millions  upon  millions  of  hieroglyphics  which  pervades  the  universe,  and  which  un- 
which  cover  even  the  exterior  of  the  great  veils  to  us  its  beauties  and  sublimities ;  and 
monuments  of  Thebes  and  Memphis,  of  Car*  that  thousands  of  admirable  objects  and 
nac,  &C.,  would  reqtiire  scores  of  years  and  agencies  may  yet  be  disclosed  to  our  view 
legions  of  designers.  By  the  assistance  of  tl^ugh  the  medium  of  light,  as  philosophical 
the  Daguerreotype,  a  single  man  could  finish  investigators  advance  in  their  researches  and 
that  immense  work."  ^  This  instrument  lays  discoveries.  In  the  present  instance,  as  weQ 
down  objects  which  tHe  visual  organs  of  man  as  in  many  others,  it  evidently  appesrs  that 
would  overlook,  or  might  be  unable  to  per-  the  Creator  intends,  in  the  course  of  his  provi- 
ceive,  with  the  same  minuteness  and  nicety  dence,  by  means  of  sdentific  researches,  era- 
(794)  . 
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dmUy  to  open  to  the  view  of  the  inhabitants  goodness,  and  to  raise  onr  souls  to  the  con* 

of  oar  world  the  wonders,  the  beauties,  and  templation  and  the  love  of  Him  who  is  the 

the  Bublimitiefl  of  his  vast  creation ;  to  mani-  original  source  of  all  that  is  glorious  and  b^ 

'^^  his  infmite  wisdom  and  his  superabundant  neficent  in  the  scene  of  nature. 


CHAPTER  m. 

On  the  Optical  Jingle^  and  the  Apparent  Magnitude  of  Ohjeeis. 

Lr  order  to  understand  the  principle  on  angle.  If  we  suppose  A  (fig  41)  to  repre- 
which  telescopes  represent  distant  objects  as  sent  the  apparent  size  of  the  hak-  crown  at 
magnified,  it  may  be  expedient  to  explain 


what  is  meant  by  the  angle  of  vision,  and  the 
apparent  magnitudes  under  which  different 
<j>jects  appear,  and  the  same  object,  when 
placed  at  different  distances. 

The  optical  angle  is  the  angle  contained 
under  two  right  lines  drawn  from  the  extreme 
points  of  an  object  to  the  eye.  Thus  A  E  B 
m  C  E  D  (fig.  40*)  is  the  optical  or  visual 

Fig.  40* 


Fig.  41. 


angle,  or  the  angle  under  which  the  object  A 
B  or  C  D  appears  to  the  eye  at  E»  These 
two  objects,  being  at  difierent  distances,  are 
seen  under  the  same  angle,  although  C  />  is 
evidently  larger  than  A  B.  On  the  retina  of 
the  eye,  their  images  are  exactly  of  the  same 
size,  and  so  is  the  still  larger  object  JP  G, 

The  apparent  magnitude  of  objects  de- 
notes their  magnitude  as  they  appear  to  ns^ 
in  contradistinction  fivm  their  real  or  true 
magnitude,  and  it  is  measured  by  the  visual 
iDgle ;  for,  whatever  objects,  are  seen  under 
the  same  or  equal  angles  appear  equal,  how- 
ever difibrent  their  real  magnitudes.  If  a  half 
crown  or  half  dollar  be  placed  at  about  120 
yards  from  tho  eye,  it  is  just  perceptible  as  a 
visible  point,  and  its  apparent  magnitude,  or 
the  angle  under  which  it  is  seen,  is  very  smalL 
At  the  distance  of  thirty  or  forty  yards,  its 
bulk  appears  sensibly  increased,  and  we  per- 
ceive it  to  be  a  round  body ;  at  the  distance 
of  six  or  eight  yards  we  can  see  the  king  or 
queen's  head  engraved  upon  it ;  and  at  the 
distance  of  eight  or  ten  inches  fi^m  the  eye 
it  will  appear  so  large  that  it  will  seem  to 
cover  a  large  building  placed  within  the  dis- 
tance of  a  quarter  of  a  mile ;  in  other  words, 
the  apparent  magnitude  of  the  half  crown, 
held  at  such  a  distance,  will  more  Uian  equal 
that  of  such  a  building  in  the  picture  on  the 
retina,  owing  to  the  increase  of  the  optical 


nine  yards'  distance,  dien  we  say  it  is  seen 
under  the  small  ang^e  FED.  B  will  repre- 
sent its  apparent  magnitude  at  4^  yards  dis- 
tant  under  the  angle  H  E  G,  and  the  circle 
C,  its  apparent  magnitude  at  8  yards  distant, 
under  the  laige  angle  K  E  I. 

This  may  be  otherwise  illustrated  by  the 
following  figure :  Let  il  ^  (fig.  4S)  be  an 

Fig.  42. 


object  viewed  directly  by  the  eye  Q  R.  From 
each  extremity  A  and  B  draw  the  lines  A  N, 
B  M,  intersecting  each  other  in  the  crystalline 
humour  in  /:  then  is  A  I B  the  optical  angle 
which  is  the  measure  of  the  apparent  magni- 
tude or  length  of  the  object  A  B.  From  an 
inspection  of  this  figure,  it  will*  evidently  a|^ 
pear  that  the  apparent  magnitudes  of  objects 
will  vary  according  to  their  distances.  Thus 
AB,  C  DyEFy  the  real  magnitudes  of  which 
are  unequal,  may  be  situated  at  such  distancee 
fi^m  the  eye  as  to  have  their  apparent  mag- 
nitudes all  equal,  and  occupying  the  same 
space  on  the  retina,  MN,bb  here  represented. 
In  like  manner,  olgects  of  equal  magnitude, 
placed  at  unequal  distances,  will  appear  um^ 
qual.  The  objects  A  B  and  G  H,  which  an 
equal,  being  situated  at  dififerent  distances  firom 
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the  eye^  G  H  will  appear  under  the  large  one  side  of  the  pane,  and  ano&er  line  dm 

angle  T/  Fj  or  aa  large  as  an  object  T  V,  from  the' other  end,  and  paasing  throngh  the 

situated  at  the  same  place  as  the  object  A  B,  other  side  of  the  pane  to  the  eye,  these  lines 

while  A  B  appears  under  the  smaller  angle  would  form  the  optical  angle  under  which  the 

A  J B.    Therefore  the  object  G  His  appor  pane  of  glass  and  the  village  ^ipears.    If  the 

renily  greater  than  the  object  A  B,  though  it  pane  of  glass  be  fourteen  inches  broad,  and 

is  only  equal  to  it.    Hence  it  appears  that  we  the  length  of  the  Tillage  2640  yards,  or  half  a 

have  no  certain  standard  of  the  true  niagnu  mile,  this  last  lineal  extent  is  6788  times 

tude  of  objects  by  our  visual  perception  ab-  greater  than  the  other,  and  yet  they  hayt  the 

Btragtly  considered,  but  only  of  the  proportions  same  <qtpareni  magnitude  in  the  case  sop- 

of  magnitude.  posed. 

In  reference  to  apparent  magnitudes,  we  Hence  we  may  learn  the  absmdity  and 
scarcely  ever  judge  any  object  to  be  so  great  futility  of  attempting  to  describe  the  extent  of 
or  so  small  as  it  appears  to  be,  or  that  there  is  spaces  in  the  heavens,  by  saying  that  a  cer- 
80  great  a  disparity  in  the  visible  magnitude  tain  phenomenon  was  two  or  three  feet  or 
of  two  equal  bodies  at  different  distances  from  yards  distant  from  another,  or  that  the  tail  of 
the  eye.  Thus,  for  example,  suppose  two  a  comet  appeared  several  yards  in  length, 
men,  each  six  feet  three  inches  high,  to  stand  Such  representations  can  convey  no  ^finite 
directly  before  us,  oue  at  the  distance  of  a  pole,  ideas  in  relation  to  such  magnitudes,  lAIeaB  it 
or  6}  yards,  and  the  other  at  the  distance  of  be  specified  at  what  distance  from  the  eye  the 
100  poles,  or  650  yards :  we  should  observe  a  foot  or  yard  is  supposed  to  be  placed.  If  a  rod, 
considerable  difierence  in  their  apparent  size,  a  yard  in  length,  be  held  at  nine  inches  fitun 
but  we  should  scarcely  suppose,  at  first  sigh^  the  eye,  it  will  subtend  an  angle,  or  cover  a 
that  the  one  nearest  the  eye  appeared  a  hun*  space  in  the  heavens,  equal  to  more  than  ime- 
dred  times  greater  than  the  other,  or  that,  fourth  of  the  drcumference  oi  the  i^,  or 
while  the  nearest  one  appeared  six  feet  three  about  one  hundred  degrees.  If  it  be  eighteen 
inches  high,  the  remote  one  appeared  only  inches  from  the  eye,  it  will  cover  a  space 
about  ikree-fourths  of  an  inch.  Yet  such  is  equal  to  fifly  degrees ;  if  at  three  feet  twenty- 
in  reality  the  case ;  and  not  only  so,  but  the  five  degrees,  and  so  on  in  pn^Mirtbn  to  ffae 
visible  bulk  or  area  of  the  one  is  to  that  of  the  distance  firom  the  eye ;  s6  that  we  can  form  no 
other  as  the  square  of  these  numbers,  namely,  correct  conceptions  of  apparent  spaces  or  dis- 
ss 10,000  to  1 ;  the  man  nearest  us  presenting  tances  in  the  heavens,  when  we  are  merely 
to  the  eye  a  magnitude  or  sur&ce  ten  thousand  told  that  two  stars,  for  example,  appear  to  be 
times  greater  than  that  of  the  other.  Again,  three  yards  distant  from  each  other.  The  only 
suppose  two  chairs  standing  in  a  large  room,  definite  measure  we  can  use  in  such  a  case  is 
the  one  twenty-one  feet  distance  from  us,  and  that  of  degrees.  The  sun  and  moon  are  about 
the  other  three  feet ;  the  one  nearest  us  will  half  a  degree  in  apparent  diameter,  and  the 
appear  seven  times  larger,  both  in  length  and  distance  between  the  extreme  stars  in  Orion^t 
breadth,  than  the  more  distant  one,  and,  conse-  belt  three  degrees,  which  measures,  being  made 
quently,  its  visible  area  forty-nine  times  greater,  familiar  to  the  eye,  may  be  applied  to  other 
If  I  hold  up  my  finger  at  nine  inches  distance  spaces  of  the  heavens,  and  an  approximate 
from  my  eye,  it  seems  to  cover  a  large  town  a  idea  conveyed  of  the  relative  distances  of  ob- 
mile  and  a  half  in  extent,  situated  at  three  jects  in  the  ricy. 

miles  distance ;  consequently,  the  apparent  From  what  has  been  stated  above,  it  is  en- 
magnitude  of  my  finger,  at  nine  inches  dis-  dent  that  the  magnitude  of  objects  may  be 
tance  from  the  organ  of  vision,  is  greater  than  considered  in  different  points  of  view.  Hie 
that  of  the  large  town  at  three  miles  distance,  true  dimensions  of  an  object,  considered  in 
and  forms  a  larger  picture  on  the  retina  of  the  itself,  give  what  is  called  its  reai  or  abtolute 
eye.  When  I  stand  at  the  distance  of  a  foot  magnitude;  and  the  opening  of  the  visual 
from  my  window,  and  look  through  one  of  the  angle  determines  the  apparent  fnagmiudt. 
panes  to  a  village  loss  than  a  quarter  of  a  mile  The  real  magnitude,  therefore,  is  a  constant 
distant,  I  see,  dirough  that  pane,  nearly  the  quantity;  but  the  apparent  magnitude  varies 
whole  extent  of  the  village,  comprehending  continually  with  the  distance,  real  or  ima- 
two  or  three  hundred  houses;  consequently,  ginary;  and,  therefore,  if  we  always  judged  of 
the  apparent  magnitude  of  the  pane  is  equal  the  dimensions  of  an  object  from  its  apparent 
to  nearly  the  extent  of  the  village,  and  all  the  magnitude,  every  thing  around  us  woald,  in 
buildings  it  contains  do  not  appear  larger  than  this  respect,  be  undergoing  very  sensible  ▼»- 
the  pane  of  glass  in  the  window,  otherwise  the  nations,  which  might  lead  us  into  strange  and 
houses  and  other  objects  which  compose  the  serious  mistakes.  A  fly,  near  enough  to  the 
▼iQage  could  not  be  seen  through  that  single  eye,  might  appear  under  an  angle  as  great  ma 
pane.    For,  if  we  suppose  a  Ime  drawn  from  an  elephant  at  the  distance  of  twenty  feet,  and 

•ne  end  of  the  village,  passing  through  the  the  one  be  mistaken  for  the  other.    A  i;;iant 
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sight  feet  high,  wen  at  the  diftanoe  of  twenty-  mated  distances  of  intermediate  otjects,  in 

four  feet,  would  not  appear  taller  than  a  child  order  to  form  a  total  distance  of  the  remote 

tv^  feet  in  height  at  the  distance  of  sir  feet ;  object,  which,  in  this  case,  appears  to  be  fur- 

for  both  would  be  seen  nearly  under  the  same  ther  off  than  if  the  intervening  space  were  un* 

angle.    But  our  experience  generally  pre-  occupied.    It  is  generally  estimated  that  no 

vents  us  from  being  deceived  by  such  illu-  terrestrial  object  can  be  distinctly  perceived  if 

sions.    By  the  help  of  touch,  and  by  making  the  visual  angle  it  subtends  be  less  than  one 

allowance  for  the  different  distances  at  which  minute  of  a  degree^  and  that  most  objects  be- 

we  see  particular  objects,  we  learn  to  correct  come  indistinct  when  the  angle  they  subtend  at 

the  ideas  we  might  otherwise  form  from  at-  the  pupil  of  the  eye  is  less  than  six  minutes, 
tending  to  the  optical  angle  alone,  especially       We  have  deemed  it  expedient  to  introduce 

in  the  case  of  objects  that  are  near  us.  By  the  the  above  remarks  on  the  apparent  magnitude 

sense  of  touch  we  acquire  an  impression  of  of  objects,  because  the  principal  use  of  a  tele- 

the  distance  of  an  object ;  this  impression  com-  scope  is  to  increase  the  angle  of  vision,  or  to 

bines  itself  with  that  of  the  apparent  magni-  represent  objects  under  a  larger  angle  than 

tude,  so  that  the  impression  which  represents  that  under  which  they  appear  to  the  naked 

to  us  the  real  magnitude  is  the  product  of  eye,  so  as  to  render  the  view  of  distant  objects 

these  two  elements.    When  the  objects,  how-  more  distinct,  and  to  exhibit  to  the  organ  of 

ever,  are  at  a  great  distance,  it  is  more  diifi-  vision  those  objects  which  would  otherwise  be 

cult  to  form  a  correct  estimate  of  their  true  invisible.    A  telescope  may  be  said  to  enlarge 

magnitudes.    The  visual  angles  are  so  small  an  object  just  as  many  times  as  the  angle 

that  they  prevent  comparison ;  and  the  esti-  under  which  'the  instrument  represents  it  is 

mated  bulks  of  the  objects  depend,  in  a  great  greater  than  that  under  which  it  appears  to 

measuTCy  upon  the  apparent  magnitudes ;  and  &e  unassisted  eye.    Thus  the  moon  appears 

thus  an  object  situated  at  a  great  distance  ap-  to  the  naked  eye  under  an  angle  of  about  half 

pears  to  us  much  smaller  than  it  is  in  reality,  a  degree ;  consequently,  a  telescope  magnifies 

We  also  estimate  objects  to  be  nearer  or  fur-  60  times  if  it  represents  that  orb  under  an 

ther  distant  according  as  they  are  more  or  less  angle  of  30  degrees ;  and  if  it  magnified  180 

clear,  and  our  perception  of  them  more  or  times,  it  would  exhibit  the  moon  under  an 

less  distinct  and  well  defined ;  and  likewise  angle  of  90  degrees,  which  would  make  her 

when  several  objects  intervene  between  us  appear  to  fill  half  of  the  visible  heavens,  or 

and  the  oliject  we  are  particularly  observing,  the  space  which  intervenes  from  the  horizon 

We  make  a  sort  of  addition  of  all  the  esti-  to  the  zenith. 


CHAPTER  IV. 

On  ike  Different  kinds  of  Refracting  Tekeeopee. 

Thxxi  are  two  kinds  of  telescopes,  corre-  invented  it  in  the  year  1609.    It  consists  of 

Sending  to  two  modes  of  vision,  namely,  only  two  glasses,  a  convex  glass  next  the  ob* 
ose  which  perform  their  ofiice  by  refraction  ject,  and  a  concave  next  the  eye.  The  con- 
through  lenses,  and  thoee  which  magnify  dis-  vex  is  called  the  obfeet-glaee,  and  the  concave, 
tant  objects  by  reflection  from  mirrors.  The  to  which  the  eye  is  applied,  is  called  the  eye* 
telescope  which  is  constructed  with  lenses  glasa.  Let  C  (fig.  43)  represent  the  convex 
produces  its  effects  solely  by  refracted  light, 

and  is  called  a  Dioptric,  or  refracting  iele-  Fig.  43. 

ea^e.  The  other  kind  of  telescope  produces 
its  efin!t8  partly  by  reflection,  and  partly  by 
refraction, 'and  is  composed  both  of  mirrors 
and  lenses ;  but  the  mirrors  form  the  principal 
part  of  the  telescope,  and  therefore  such  in- 
struments  are  denominated  reflecting  tele' 

Kopee.    In  this  chapter  I  shall  descnbe  the  object-glass,  presented  to  any  object  in  the 

various  kinds  of  refracting  telescopes.  direction  2)  ^  /,  so  that  the  rays  ML  parallel 

— — —  upon  it ;  if  these  rays,  after  passing  trough 

SzcTioK.  I.  ^^  ^"^^  ^^^  intercepted  by  the  concave  lens  K, 

*   *  they  would  pass  on,  and  cross  each  other  in 

The  Gablean  Tekseope.  ^^  fo^og  p^  ^bere  an  inverted  image  of  the 

This  telescope  is  named  after  the  e^ebrated  object  would  be  formed.    But  the  concave 

Galileo,  who  first  constructed,  and. probably  lens  K,  the  virtual  focus  of  which  is  at  F^ 
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interposed,  the  raye  are  not  euflered  to  it  might  be  made  of  sach  a  length  as  to  show 
converge  to  that  point,  but  are  made  less  con-   the  spots  on  the  Sun,  the  crescent  of  Veno^ 
Tergent,*  and  enter  the  pupil  almost  parallel,   the  satellites  of  Jupiter,  andtheringof  Satnm; 
•s  6  jfiT,  and  are  converged  by  the  humours   and,  requiring  only  two  glasses,  it  is  the  cheap- 
of  the  eye  to  their  proper  foci  on  the  retina,   est  of  all  telescopes.    It  has  been  found  that 
The  object,  through  this  telescope,  is  seen   an  object-lens  five  £eet  focal  distance  will  bear 
upright,  or  in  its  Statural  position,  because  the   a  concave  eyeglass  of  only  one  inch  focal  dis- 
rays  are  not  sufilered  to  come  to  a  focus,  so  as  tance,  and  will  consequently  magnify  the 
to  form  an  inverted  picture.    The  concave   diameters  of  the  planets  sixty  limes,  and  their 
eyeglass  is  pkced  as  far  within  the  focus  of   surfaces  3600  times,  which  is  sufficient  to 
the  object-gbss  as  is  equal  to  its  ovm  virtual   show  the  phenomena  now  stated.    And,  al. 
focus;  and  the  magnifying  power  is  as  the  though  only  a  small  portion  of  the  sun  and 
focal  length  of  the  object-glass  to  that  of  the   moon  can  be  seen  at  once,  yet  Jupiter  and  all 
eyeglass,  that  ii,  as  C  F  to  B  F.     Thus,   his  satellites  may  sometimes  be  seen  at  one 
suppose  the  focus  of  the  object-glass  to  be  ten   view ;  but  there  is  some  difficulty  in  finding 
inches,  and  the  focus  of  ihe  eyeglass  to  be   objects  with  such  telescopes.  5.  Opera-giasset, 
one  inch,  the  magnifying  power  will  be  ten  which  are  always  of  this  construction,  have 
times,  which  is  always  found  by  dividing  the  the   object-lens  generally  about  six  inches 
focal  length  of  the  <%ject-glass  by  that  ^  &e   focus  and  one  inch  diameter,  with  a  concave 
eyeglass.     The    interval  between  the  two   eyeglass  of  about  two  inches  focus.    These 
glares,  in  this  case,  will  be  nine  inches,   glasses  magnify  about  three  times  in  diameter, 
which  is  the  length  of  the  telescope,  and  the  have  a  pretty  large  field,  and  produce  veiy 
objects  seen  through  it  will  appear  under  an   distinct  Tirioa.     When  adjusted  to  the  eye, 
angle  ten  times  greater  than  they  do  to  the  they  are  about  four  inches*  in  lengUi.    To  the 
naked  eye.      These  propositions  might  be   object^nd  of  an  opera.ghuK  there  is  sometimes 
proved  mathematically ;  but  the  process  is  sttached  a  plane  mirror,  placed  at  an  angle  of 
somewhat  tedious  and  intricate,  and  might  forty-five  degrees,  for  the  purpose  of  viewing 
not  fully  be  understood  by  general  readers,   oljects  on  either  side  of  us.    By  this  means, 
I  shall  therefore  only  mention  some  of  the  in  a  theatre  or  assembly,  we  can  take  a  view 
general  properties  of  this  telescope,  which  is  of  any  person  without  his  having  the  kast 
now  seldom  used,  except  for  the  purpose  of   suspicion  of  it,  as  the  glass  is  directed  in  quite 
opera-clatsea.  &  different  direction.    The  instrument  with 

1.  The  focal  distance  of  the  object-glass  this  appendage  is  sometimes  catted  a  Po/bn^ 
must  be  greater  than  that  of  the  eyeglass,  wope, 
otherwise  it  would  not  magnify  an  object;  if  — I.—, 

the  focal  distance  of  the  eyeglastf  were  greater 

than  that  of  the  object-glass,  it  would  diminish  Sigtiob-  IL 

objects  instead  of  magnifying  them.    2.  The 

visible  area  of  the  object  is  greater,  the  nearer  The  Common  Adronomieal  Refradxng  Tek' 
the  eye  is  to  the  glass ;  and  it  depends  on  the  9eope» 

diameter  of  the  pupil  of  the  eye,  and  on  the 

breadth  of  the  object-glass ;  consequently,  the  The  astronomical  telescope  is  the  most  sim- 
field  of  view  in  this  telescope  is  very  smalt  pte  construction  of  a  telescope,  composed  of 
3.  The  distinctness  of  vision  in  this  construe-  convex  lenses  only,  of  which  there  are  but 
tion  of  a  telescope  exceeds  that  of  almost  any  two  essentially  necessary,  though  a  third  is 
other.  This  arises  from  the  rays  of  light  pro-  sometimes  added  to  Uie  eyepiece  for  the  pur- 
ceeding  from  the  object  directly  through  the  pose  of  enlarging  the  field  of  view.  Its  con- 
lenses,  wt/Aoi^  crossing  or  intersecting  each  stniction  will  be  easily  understood  from  a 
other;  whereas,  in  the  combination  of  convex  description  of  the  following  figure:  Its  two 
lenses,  tliey  intersect  one  another  to  form  an  essential  parts  are  an  object-glass,  A  D,  and 
image  in  the  focus  of  the  object-glass,  and  this  an  eyeglass  £  V,  so  combined  in  a  tube  that 
image  is  magnified  by  the  eyeglass  with  all  the  focus  F  of  the  object-glass  is  exactly  oo- 
its  imperfections  and  distortions.  The  thin-  incident  with  the  focus  of  the  eyeglass.  Let 
ness  of  the  centre  of  the  concave  lens  also  0  5  (fig.  44)  represent  a  distant  object,  from 
contributes  to  distinctness.  4.  Although  the  which  rays  nearly  parallel  proceed  to  the  ob- 
field  of  view  in  this  telescope  is  veiy  small,  ject-lens  A  D.  The  rays  passing  through  tbk 
yet,  where  no  other  telescope  gftn  be  procured,   l^ns  will  cross  at  /^,  and  iatux  an  image  of  the 

object  at /Afl    This  image  forms,  as  it  wen^ 

•  It  ts  ons  of  the  properties  of  concave  lenses   *"  object  to  the  eyegiass  E  Y,  which  is  of  a 
to  render  convergent  rays  less  convergent,  and    short  focal  distance,  and  the  eye  is  thus 

tiact  vision.  brought  much  nearer  than  it  is  m  reamjf ; 
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the  lays*  whidi,  afier  crossing.  Fig.  44. 
proceed  in  a  divergent  state,  fall  ^ 
upon  the  lens  J?  F  as  if  they  Siiw.^v 
proceeded  from  a  real  object  situ-  I 
ated  at  F,  All  that  is  effected,  «-«ss£ 
therefore,  by  such  a  telescope  is 
to  form  an  image  of  a  distant  ob- 
ject by  means  of  the  otject-lens,  and  then  to  ing  telescopes  invert  objects;  but  they  are 
give  the  eye  such  assistance  as  is  necessaiy  preferred  to  any  other  telescopes,  because  they 
for  viewing  that  image  as  near  as  possible,  so  have  few  glasses,  and,  consequently,  more 
that  the  anf  le  it  shall  subtend  at  the  eye  shall  light  This  telescope,  however,  can  be  trans- 
be  very  large  compared  with  the  angle  which  formed  into  a  common  day  telescope  for  land 
the  object  itself  would  subtend  in  the  same  objects  by  the  addition  of  two  other  eyeglasses, 
situation.  as  we  shall  afterward  explain  ;  but  in  this  case 

Here  it  may  be  expedient  to  explain,  1.  a  quantity  of  light  is  lost  by  refraction  at  each 

How  this  arrangement  of  glasses  shows  dis-  lens,  for  there  is  scarcely  any  transparent  sub- 

tant  objects  dirtinctly ;  and  2.  The  reason  stance  that  transmits  all  the  rays  of  light  that 

why  objects    appear  'magnified  when  seen  fall  upon  it 

through  it    As  to  the  first  particular,  it  may       The  magnifying  power  of  this  telescope  is 

be  proved  as  follows :  The  rays  0  A  and  B  D,  found  by  dimding  the  focal  distance  of  the 

which  are  parallel  before  they  fall  upon  the  ohted-ghu  by  the  focal  distance  of  the  eye- 

object-glass,  are  by  this  glass  refracted  and  guue;   the  quotient   gives  the  magnifymg 

united  at  its  focus.  9ln  order,  then,  to  distinct  power,  or  the  number  of  times  that  the  object 

vision,  the  eyeglass  must  re-establisb  the  paral-  seen  through  the  telescope  appears  larger  or 

lelism  of  the  rays,  which  is  effected  by  placing  nearer  than  to  the  naked  eye.    Thus,  for  ex- 

the  eyeglass  so  that  its  focus  may  be  at  F,  and,  ample,  if  the  focal  distance  of  the  objectrglass 

consequently,  the  rays  will  proceed  from  it  be  28  inches,  and  the  focal  distance  of  the 

parallel  to  each  other,  and  fall  upon  the  eye  eyeglass  1  inch,  the  magnifying  power  will  be 

in  that  direction ;  for  distinct  vision  is  pro-  28  times.    If  we  would  enlarge  the  telescope, 

duoed  hj  parallel  njs.    2.  The  reason  why  and  select  ^n  object-glass  10  feet,  or   120 

the  object  appears  magnified  will  appear,  if  we  inches  focus,  an  eyeglass  of  2  inches  focal 

consider  that,  if  the  eye  viewed  the  object  from  length  might  be  applied,  and  then  the  diame- 

the  centre  of  the  object-glass,  it  would  see  it  ter  of  objects  would  be  magnified  60  times, 

under  the  angle  0  C  B ;  let  0  C  and  B  C  and  their  surfaces  8600  times.    If  we  would 

then  be  produced  to  the  focus  of  the  glass,  they  use  an  objecUglass  of  100  feet,  it  would  be 

will  then  limit  the  image,  I M,  formed  in  the  necessary  to  select  an  eyeglass  about  6  inches 

focus.    I^  then,  two  parallel  rays  are  supposed  focus,  and  the  magnifying  power  would  be 

to  proceed  to  the  eyeglass  E  Y,  they  will  be  200  times,  equal  to  1200  inches  divided  by  6. 

converged  to  its  focus  if,  and  the  eye  wUl  see  Since,  then,  the  power  of  magnifying  depends 

the  image  under  the  angle  E  H  Y»    The  ap-  on  the  proportion  of  the  focal  length  of  the 

parent  magnitude  of  the  object,  therefore,  as  object  and  eyeglasses,  and  this  proportion  may 

seen  by  the  naked  eye,  is  to  the  magnitude  of  be  varied  to  any  degree,  it  may  seem  strange 

the  image  as  seen  through  the  telescope,  as  to  some  that  a  short  telescope  of  this  kind  will 

O  C  jB  to  £  if  y,  or  as  the  distance  C  F  to  not  answer  that  purpose  as  well  as  a  long  one. 

the  distance  F  G;  in  other  words,  as  the  focal  For  instance,  it  may  be  asked  why  an  object- 

kngth  of  the  obfect-glass  to  that  of  the  eye*  glass  of  10  feet  focus  may  not  be  made  to 

glass.  magnify  as  much  as  one  of  100  feet  focal 

It  is  obvious  from  the  figure,  that,  through  length,  by  using  an  eyeglass  of  half  an  inch 
this  telescope,  all  objects  will  appear  tnt«r/ej/  focus,  in  which  case  the  magnifying  power 
since  the  object  0  J?  is  depictexl  by  the  object-  would  be  240  times  T  But  it  is  to  be  consi- 
glass  in  an  inverted  position  at  /  JIf,  and  in  dered  that,  if  the  power  of  magnifying  be  in- 
this  position  is  viewed  by  the  eyeglass  E  Y\  creased  while  the  length  of  the  telescope  re- 
and,  therefore,  this  kind  of  telescope  is  not  well  mains  the  same,  it  is  necessary  to  diminish  the 
adapted  for  viewing  terrestrial  objects,  since  it  focal  length  of  the  eyeglass  in  the  same  pro- 
exhibits  the  tops  of  trees,  houses,  and  other  portion,  and  this  cannot  be  done,  on  account 
objects  as  undermost,  ahd  the  heads  of  people  of  the  great  distortion  and  colouring  which 
as  pointing  downward.  But  this  drcum-  would  then  appear  in  the  image,  arising  both 
stance  is  of  no  consequence  with  respect  to  ttom  the  deep  convexity  of  die  lens  and  the 
the  heavenly  bodies,  since  they  are  round,  and  different  refrangibility  of  the  rays  of  light  It 
it  can  make  little  difference  to  an  observer  la  found  that  the  length  of  common  refracting 
which  side  of  a  globular  body  appears  uppers  telescopes  must  be  increased  in  proportion  to 
moat  or  undermost    All  astronomical  rdrect«  the  square  of  the  increase  of  their  magnifying 
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power ;  bo  tbat,  in  order  to  magnify  twice  as 
much  as  before  with  the  same  light  and  dis- 
tinctness, the  teleacope  must  be  lengthened 
four  times;  to  magnifjT  3  times  as  much,  9 
times;  and  to  pia^iify  4  tim^  as  much,  16 
times;  that  is— euppose  a  telescope  of  3  feet 
to  magnify  33  times — ^in  order  to  procure  a 
power  four  times  as  great,  or  132  times,  we 
must  extend  the  telescope  to  the  length  of  46 
feet,  or  16  times  the  length  of  the  other. 
Much,  likewise,  depends  upon  the  breadth  or 
aperture  of  the  object-glass.    If  it  be  too  small, 


there  will  not  be  sufBdent  fi^t  to  ilhmunafe 
the  object ;  and  if  it  be  too  large,  the  redond 
ance  of  light  will  produce  ccnfosion  m  th« 
iinage. 

The  following  table,  constructed  originaQj 
by  Huygens,  and  which  I  have  recalculsted 
and  corrected,  shows  the  linear  aperture,  the 
fbcal  distance  of  the  eyeglass,  and  the  magnij^- 
ing  power  of  astronomical  telescopes  of  diflbr- 
ent  lengths,  which  may  serve  as  a  guide  to 
those  who  wish  to  coustmct  telescopef  of  this 
description : 


Focal  diaunce  of  ibc 

iioear  aperture  of 

Focal  draiaifce  of  iIm 

MacnUyiag  powar. 

oktJwl'P'^'* 

tlM(4>.eet-fflan. 

tftf^am. 

F.-. 

Inc.  Dm. 

loe.  Dec 

1 

0.    545 

0.     60 

SO 

S 

0.    70 

0.     84 

28.5 

3 

0.    04 

1.    04 

34.0 

4 

1.    08 

1.    18 

40 

6 

1.    21 

1.    33 

45 

e 

].    33 

1.    45 

50 

7 

1.     43 

1.    68 

53 

8 

1.    53 

1.    69 

56.8 

g 

1.    62 

1.    73 

60.6    ^ 
63.8    # 

10 

1.    71 

].    88 

15 

8.    10 

2.    30 

78 

20 

S.    43 

2.    68 

80.5 

30 

3.    00 

3.    28 

100 

40 

3.    43 

3.    76 

127 

50 

3.    84 

4.    20 

142 

00 

4.    20 

4.    60 

J56 

70 

4.    55 

5.    00 

108 

80 

4.    83 

5.    35 

170 

00 

5.    15 

5.    65 

190 

]00 

5.    40 

5.    OS 

200 

120 

5.    00 

6.    52 

220 

In  the  above  table  the  first  column  ex- 
presses  the  focal  length  of  the  object-glass  in 
feet,  the  second  column  the  diameter  of  the 
aperture*  of  the  object-glass,  the  third  column 
the  focal  distance  of  the  eyeglass,  and  the 
fourth  the  magnifying  power,  which  is  found 
by  reducing  the  feet  in  the  first  column  to 
inches,  and  dividing  by  the  numbers  in  the 
third  column.  From  this  table  it  appears  that, 
in  order  to  obtain  a  magnifying  power  of  168 
times  by  this  kind  of  telescope,  it  is  requisite 
to  have  an  object-glass  of  70  feet  focal  dis- 
tance, and  an  eyeglass  five  inches  focus,  and 
that  the  aperture  of  the  object-glass  ought  not 
to  be  more  than  about  4^  inches  diameter.  To 
obtain  a  power  of  220  times  requires  a  length 
of  120  feet 

The  following  is  a  summary  view  of  the 
properties  of  this  telescope :  1.  The  object  is 
always  inverted.  2.  The  magnifying  power 
is  always  in  the  proportion  of  the  focal  dis- 
tance of  the  object-glass  to  the  eyeglass.  3. 
As  the  rays  emerging  firom  the  eyeglass  should 
be  rendered  parallel  for  every  eye,  there  is  a 
small  sliding  tube  next  the  eye,  which  should 

*  The  wor4  aperluret  as  applied  to  object- 
glasses,  signifies  the  opening  tn  let  In  the  light,  or 
that  part  of  the  obiect-glass  which  is  left  unco- 
vered. An  object-glass  may  be  3  Inches  in  diame- 
ter, but  If  one  inch  of  this  diameter  be  covered,  hs 
aperture  is  said  to  be  only  2  inches. 
(800) 


be  pushed  out  or  in  till  the  object  appean  £»- 
tinct  When  objects  are  pretty  near,  this  tobs 
requires  to  be  pulled  out  a  little.  These  ci^ 
cumstances  require  to  be  attended  to  in  aD 
telescopes.  4.  The  apparent  magnitude  of  m 
object  is  the  same  wherever  the  eye  be  phced, 
but  the  visible  area,  or  field  of  view,  is  the 
greatest  when  the  eye  is  nearly  at  the  focal 
distance  of  the  eyeglass.  5.  The  visual  angle 
depends  on  the  breadth  of  the  eyeglass,  for  it 
is  equal  to  the  angle  which  the  eyeglass  sob- 
tends  at  the  object-glass ;  but  the  breadth  of 
the  eyeglass  cannot  be  increased  beyond  a 
certain  limit  without  producing  colourmg  and 
distortion. 

If  the  general  principles  on  which  this  tel^ 
scope  is  constructed  be  thoroughly  understood, 
it  will  be  quite  easy  for  the  reader  to  under- 
stand the  construction  of  all  ^  other  kiixb 
of  telescopes,  whether  refinacting  or  reflecting. 
A  small  astronomical  telescope  can  be  cod- 
structed  in  a  few  moments,  provided  one  ba* 
at  hand  the  following^  lenses :  1.  A  comrooo 
reading-glass,  eight  or  ten  inches  focal  distance; 
2.  A  common  magnifying  lens,  such  as  watch- 
makers or  botanists  use,  of  about  1}  or  S 
inches  focus.  Hold  the  reading-glass— sup- 
pose of  ten  inches  fbcuB — in  the  kii  hand  op- 
posite  any  object,  and  the  magnifying  leos  of 
two  inches  focus  in  the  right  haind  near  (he 
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«fp,  Bl  twelie  indm  tUstuice  from  tha  other 
in  a  direct  line,  and  a  tclsacope  it  fomiBd 
wbich  DiBgiiiGM  &ye  time*.  I  have  Ireqnenlly 
ond  this  [rian,  nhen  travelling,  when  no  other 


Th  Aenalliteaeepe. 

The  aeiul  U  a  nfrading  laleKope  of  tha 
kind  vra  ba*e  now  deacribcd.  intended  to  be 
UBod  witbcnt  a  tube  in  a  darit  night ;  for  the 
uae  af  a  tuba  U  not  only  to  direct  the  glanea, 
bat  to  make  tha  place  daife  where  the  inragea 
aie  ronwtd.  It  appean,  from  tha  preceding 
table,  that  we  cannot  obiiun  a  high  magniff- 
mg  power  with  the  common  astronomical 
teleacope  withoat  making  it  of  an  extreme 
length,  in  wbich  cue  the  glimea  ue  not 
nBDagcabte  in  tnbes — nhich  are  either  too 
■light  and  tpl  to  bend,  or  too  heavy  and  un- 
wieldy if  made  of  wood,  imn.  or  olhei  atrong 
matetiala.  The  astranomers  of  the  acren- 
teenth  centoiy.  feeling  soma  inconTenicncee 
in  making  celeatial  abwmtioai  with  long 
tubes,  contrived  *  method  of  using  the  gUnoa 
wilboot  tobea.    Hartsocker,  an  eminent  opti- 


dan,  contrived  u>  Si  them  al  the  top  irf'  a  traa, 

a  high  wall,  or  the  roof  of  a  house ;  but  the 
celebrated  Huygcni,  who  was  not  only  an 

made  eonmJerable  improrementa  in  the  me- 
thod of  unng  an  object'glaae  without  a  tube. 
He  |Jaced  it  at  the  lop  of  a  Tory  long  pole, 
having  preTioual;  inclosed  it  in  a  abort  tuba, 
which  was  made  to  tarn  in  all  direclions  by 
meaoaofaball  and  socket.  The  axis  of  this 
tubs  he  could  command  with  a  Gna  silken 
string,  ao  ea  to  bring  it  into  a  line  with  the 
axis  of  aaothcr  short  tube  wbich  be  held  in 
his  hand,  and  which  contained  the  eyeglass. 
The  following  is  a  more  particular  descrip- 
tion of  one  of  these  telescopes  :  On  (he  lop 
of  a  long  pole  or  mast,  a  b  (fig.  4S,)  it  fixed 
a  board  movable  up  and  down  in  the  channel 
C  d;  t  JM  t  perpendicular  arm  filed  to  it,  and 
//■SB  transverse  board  that  anpporta  the 
object-glan  inclosed  in  the  tube  i,  which  is 
raised  or  lowered  by  meani  of  the  ntk  cord 
''  l'  g;  ff  "  ■"  endless  rope  with  a  weight  k, 
by  which  the  apparalns  of  the  obgeet-glBsa  ia 
counterpoised  •;  6  /  is  a  stick  fastened  to  tha 
tube  i;  ra  the  ball  and  socket,  by  means  of 
which  the  object-glaaa  is  movable  every 
way;  and,  to  keep  it  steady,  there  is  a  weight 
n,  suspended  by  a  wire :  /  is  a  short  wire  to 
which  the  thread  r  /  is  tied  ;  o  ia  the  tube 
which  hoida  the  eyeglass ;  q  the 
stick  filed  to  this  Cube,  (  a  leaden 
ballet,  and  (  a  apool  to  wind  the 
thread  on ;  u  i*  pins  for  the  thread 
to  pass  through ;  x  tbs  rest  for  the 
obMrver  to  lean  upon,  and  y  lbs 
lantern.  Fig.  46  ii  an  apparatns 
contrived  by  M.  de  la  Hire  for 
managing  the  objecl-gtass,  but 
which  it  would  be  too  tedious 
particnUrly  to  deacribe.  To  keep 
olT  the  dew  from  the  object-glass, 
it  waa  ■onKlimea  included  in  a 
pasteboard  tube,  made  of  spongy 
paper,  to  absorb  the  humidity  of 
the  air.  And,  to  find  an  object 
more  readily,  a  broad  annulus  of 
white  pasteboard  was  put  over 
the  tubo  that  carried  the  eyegUaa, 
upon  which  the  image  of  the  ob- 
ject being  painted,  an  aseiMant 
who  perceived  it  might  direct  ths 
tube  of  the  eyeglass  into  ila  place. 
Such  was  the  construction  of 
the  telescopes  with  vi^ich  Heve- 
liua,  Hujgena,  Caanni.  and  other 
eminent  astronomc™  of  the  soven- 
leenUi  wntiuy  made  their  prin- 
cipal discoicric*.  M'ith  such 
tdescopcaHuygcnidiacovcred  tha 
finrlh  aalcUite  of  Sstuni,  end  de- 
lermined  Ibst   this   planet  waa 
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Bnrrounded  with  a  ring;  and  .  Fig  47. 

with  the  same  kind  of  instrument  q.    .    v  £  T«  • 

Caasini  detected  the  first,  aeoond,  .^^m,,.!*^..  .^-Ar-r^JM!  -«^We •— ^"!3| 

third,   and    fifth    aateUites    of  ::O3|^?0^ft^£^'^^^^^^^ 

Saturn,  and  made  his  other  dia-  ^T^!^  :sL  -^-..-f  - -^ ..^.«zr- E^ 

coveries.    When  the  night  was  ^ 

very  dark,  they  were  obliged  to  make  the  object-  principle  as  the  astrooondcal  telescope  afaeady 

glass  visible  by  means  of  a  lantern  so  construct-  described,  with  the  addition  of  two  or  three 

ed  as  to  throw  the  rays  of  light  up  to  it  in  a  glasses.    In  fig.  47,  O  B  represents  a  distant 

parallel  direction.    In  making  such  obserm-  object,  L  JV  the  object-glass,  which  forms  the 

tions  they  must  have  taken  incredible  pains,  image  /  Jtf  in  its  focus,  which  is,  of  oouiae,iL 

endured  much  cold  and  fatigue,  and  6ubje<^ed  an  inverted  position,  and,  if  the  eye  were  a]>> 

themselves  to  very  great  labour  and  expense—-  plied  to  the  lens  E  E,  the  object  would  ap* 

which  almost  makes  us  wonder  at  the  disco-  pear  exactly  as  through  the  astronomical  tele- 

veries  they  were  instrumental  in  bringing  to  scope,  every  object  being  apparently  turned 

lightr-and  should  make  modem  philosophers  upside  down.  To  remedy  this  inconvenience, 

sensible  of  the  obligations  they  are  under  to  there  are  added  two  other  glasses,  F  F  vaA 

sudi  men  as  Newton  and  Dollond,  through  G  G,  by  which  a  second  image  is  farmed 

whose  inventions  such  unvrieldy  instruments  from  the  first,  in  the  same  position  as  the  ob- 

are  no  longer  necessary.    Telescopes  of  the  ject    In  order  to  efl^  this,  the  first  of  these 

description  now  stated  were  made  of  all  sizes,  two  glasses,  namely,  F  F/ib  placed  at  twice 

fh>m  30  to  above  120  feet  in  length.    Diviid  its  focal  distance  from  the  former  glaaa,  E  E, 

at  Rome,  and  Campani  at   Bologna,  were  and  the  other  lens,  G  G,  next  the  eye,  is 

fiuned  as  makers  of  the  objectpgla«es  of  the  placed  at  the  asme  distance  from  F  F;  far 

long  focal  distance  to  which  we  have  alluded,  all  the  three  glasses  are  supposed  to  he  of  die 

who  sold  them  for  a  great  price,  and  took  same  focal  distance.    Now  the  lens  F  F,}»- 

every  method  to  keep  the  art  of  making  them  ing  placed   at  twice  the  focal  distance  for 

a  secret    It  was  with  telescopes  made  by  parallel  rays  from  E  By  receives  the  pendb 

Campani  that  Cassini  made  his  discoveries,  of  parallel  rays  after  they  have  crossed  each 

They  were  made  by  the  express  order  of  Louis  other  at  JT,  and  forms  an  image  at  i  m  similsr 

XIV.,  and  were  of  86,  100,  and  136  Paris  to  that  at  Jilf,  and  equal  to  it,  but  contrary 

feet  in  focal  length.     M.  Auzout  made  one  in  position,  and  consequently  erect;  wfaidi 

object-glass  of  600  feet  focus ;  but  he  was  last  image  is  viewed  by  the  lens  &  (r,  in  the 

never  able  to  manage  it  so  as  to  make  any  same  manner  as  the  first  image,  I  M,  would 

practical  observations  vrith  it     Hartsocker  is  be  viewed  by  the  lens  E  E.     In  this  case  die 

said  to  have  made  some  of  a  still  greater  focal  image  7  ilf  is  considered  as  an  direct  to  the 

length.'  The  famous  aerial  telescope  of  Huy-  lens  F  F,  of  which  it  forms  a  picture  in  its 

gens  was  133  feet  in  focal  length,  with  six  focus,  in  a  reverse  position  from  that  of  the 

inches  of  aperture.     At   his  death  he  be-  first  image,  and,  of  course,  in  the  same  posi- 

queathed  it  to  the  Royal  Society  of  London,  tion  as  the  object 

in  whose  possession  it  still  remains.    It  re-       The  magnifying  power  of  this  telescope  is 

quired  a  pole  of  more  than  a  hundred  feet  determined  precisely  in  the  same  way  as  that 

high  on  which  to  place  the  object-glass  for  of  the  astronomical  telescope.     Suppose  the 

general  observations.    It  was  with  this  glass  object^ass  to  be  thirty  inches  focal  dtstanoe, 

that  Dr.  Derham  made  the  observations  to  and  each  of  the  eye-glasses  1|  inch  focal  dis> 

which  he  alludes  in  his  prefiu^  to  his  **  Astro-  tance,  the  magnifying  power  is  in  the  proper- 

Theology."     When  this  g^ass  was   in  the  tion  of  30  to  1^,  or  20  tunes,  and  the  instni- 

possession  of  Mr.  Cavendish,  it  was  compared  ment  is,  of  course,  considerably  longer  than 

with  one  of  Mr.  Dollond's  forty-six  inch  treble  an  astronomical  telescope  of  the  same  power, 

object-glass  achromatics,  and  the  gentlemen  The  distance,  in  this  case,  between  the  ob* 

who  were  present  at  the  trial,  said  that  "  the  ject-glass  and  the  first  eyeglass,  E  E,  is  31 1 

Dwarf  was  fiiirly  a  match  for  the  Giant"    It  inches;  the  distance  between  E  E  and  the 

magnified  218  times,andthe  trouble  of  manag-  second  glass,  F  F,  is  3  inches,  and  the  &h 

ing  it  was  said  to  be  extremely  tiresome  and  tance  between  F  F  and  the  glass  G  G,  next 

laborious.  the  eye,  3  inches;  in  all,  37}  inches,  ths 

whole  length  of  the  telescope.    AHho)u^  it 


Avf^^nv  TV  "  ^"'^^  ^  ™**^®  *"*  ^  ^'"^  eyeglasees  in 

oxcTioir  IV.  ^g  telescope,  yet  two  wiU  cause  the  okject 

7%e  cxmrnon  Refracting  Tekieope,  firTsr-^^  »PI**r  er^ct,  and  of  the  same  magnitude. 
restrial  ObjecU,  ^^'^*  suppose  the  middle  lens,  F  F,  taken 

away,  if  the  first  lens,  J?  J?,  be  placed  at  JC 
Tins  telescope  is  constructed  on  the  same  which  is  double  its  focal  distance  foooi  Hm 
C803) 
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knige,  I  if,  it  will,  at  the  nme  diitance,  X  formed ;  th«ir  then  jnDCeed  diverging  to  the 

n,an  (he  other  mdCifona  *  lecondHi; image,  eyegtiei,  nhere  they  are   rendered   |>arHllel, 

I  m,  equal  to  the  primaiy  imago  J  X,  and  and  enter  the  eye  in  that  direction.     Fig- 1" 

iIh  in  a  cantraiypodtion.     But  such  a  com-  nrginseata  the   rays  na   tbey   converge   nnd 

bination  of  eyegluae*  producca  a  groat  da-  diverge  in  paanng  through  the  foar  glaaees  of 

gree  of  colouring  in  the  image,  and  thereibre  the  common  day-teleacope  deecribed  above. 

h  acldom  oeed.     Even  the  combinatim  now  After  pawing  Ihraugh  the    objectftiss,  they 

described,  conmsting  of  three  lenaea  oT  equal  converge  towenla  B,  where  the  first  image  i> 

fbcel  dietancea,  ia  nan  nimoot  obaolete,  and  formed.     They  then  diverge  lowarda  (he  Gm 

baa  given  place  tOBiQUch  bctterarrangcment,  ey^aaa,  where   they  ate  rendered  parallel, 

conaiating  of  four  gtaaee*  of  diSerent  focal  and,  paaaing   through  the   ncond    cyeglasa, 

diitancea,  wbi>:h  shall  be  afterward  described,  they  again  cwnverge  and  fonn  ■  aecond  image 

The  fallowing  Ggurea,  4S,  49,  50,  repieaent  at  O.  from  which  point  they  again  diverge, 

ttu<  manner  in  which  the  raya  of  light  are  and,  paaaing  through  the  finteyaglaH,  ent«t 

refracted  through  the  glaaaea  i^the  lelocopea  the  eye  in  a  parallel  directiort.     If  the  glaaaea 

we  have  now  deacribed.     Pig.  4S  rcpreaenti  of  theae  (eleicopes  were  fixed  on  long  pieces 

the  rays  of  light  as  they  pass  from  the  object  of  wood,  at  their  proper  diMances  from  eaeh 

to  the  eye  in  (he  Gdikon  telescope.     After  other,  and  placed  in  a  darkened  room,  when 

paaaing  in  b  parallel  direction  to  the  object-  the  aun  ia  ahining,  the  beam  of  tlie  son's  light 

^ass,   they  are  refracted  by  Ihal  glais,  and  would  paaa  through  ifaem  in  the  aome  manner 

undergo  a  alight  convcrgcace  in  passing  to-  aa  here  repreaented. 
wards  the  concave  eyeglass,  where  (hej  enter 

the  eye  in  a  parallel  direction,  but  no  image  

ia  formed  previous  to  their  enXering  the  eye 

tiD  they  arrive  at  the  retina.    Fig.  411  repra-  BioTion  V. 

Pig-  48.        Fig.  49.       n»  Ml  Teleacope  fenned  by  a  Singk  Ltra- 

This  is  a  species  of  telescope  altogether 
nnnotieedby  optical  wrilen,  so  far  as  1  know; 
nor  hag  the  property  of  a  lingle  lena  in  mag- 
*  nifying  distant  olijecls  tieen  generally  adverted 

to  or  recogntied.  It  may  not,  therefore,  be 
ineipedient  to  state  a  few  eiperimenta  which 
I  have  mode  in  relation  to  this  point  When 
we  hold  a  spectacle-glaBa  of  a  pret^  long 
fcCBl  distance— any  from  30  to  34  inches— 
doee  to  the  eye,  and  direct  it  to  distant  ob- 
jects, tbey  do  not  appear  sensibly  magnitieJ. 
Bat  if  we  hold  the  gloss  about  IE  or  16  inches 
from  our  eye.  we  shall  perceive  a  sennble  d^ 
gree  of  magni^ing  power,  as  if  distant  objects 
were  seen  at  less  than  half  the  distance  at 
which  they  are  placed.  This  proper^  of  a 
qwclBCle-glaas  I  happened  to  notice  when  a 
boy,  and  on  di8erenl  oceasionB  since  that 
period  have  made  several  eiperimenls  on  tb« 
■ubject,  some  of  which  I  shall  here  relate. 

With  the  object-glass  of  a  common  refract- 

ing  telescope,  4^  feet  focal  distance,  and  S^ 

inches  diameter,  I  looked  at  distant  ol^ts — 

my  eye  being  at  about  0  j  feet  from  the  lenfl, 

Otaboat  lOor  IS  inches  within  its  focus — and 

it  produced  nearly  the  same  effeet  aa  a  tele- 

acope  which  magnifies  the  diameter*  of  objects 

fi  or  6  times.     With  another  lena,  1 1  feet 

focal  distance  and  4  inches  diameter,  atanding 

■adU  the  itya  as  thej  paaa  Ihrongh  the  passes  ham  it  at  tho  distance  i^  about  ten  fiwt,  I 

tit  (he  astronomical  (eleaci^    The  raya,  after    obtained  a  magnifying  power  of  about  13  or 

entering  the  object-^an,  proceed  m  a  con-   14  tiraea,  which  rnabled  me  loread  theletien 

verging  direction  till  they  arrive  at  ila  focus  on  the  signporta  of  a  tillage  half  a  mile  dis- 

about  A,  where  an  image  of  the  object  ia  lant    Having  some  time  ago  procured  a  very 

([*3i 
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larg;e  lens,  26  feet  focal  distance  and  11^ 
inches  diameter,  I  have  tried  with  it  various 
experiments  of  this  kind  upon  diHeient  ob- 
jects. Standing  at  the  distance  of  about  25 
feet  fifom  it,  I  can  see  distant  objects  through 
it  magnified  about  26  times  in  diameter,  and 
consequently  676  times  in  surface,  and  re- 
markably clear  and  distinct,  so  that  I  can 
distinguish  the  hour  and  minute  hands  of  a 
public  clock  in  a  village  two  miles  distant. 
This  single  lens,  therefore,  answers  the  pur- 
]i0de  of  an  ordinary  telescope  with  a  power  of 
26  times.  In  making  such  experiments,  our 
eye  must  always  be  within  the  focus  of  the 
lens,  at  least  8  or  10  inches.  The  object 
will,  indeed,  be  seen  at  any  distance  from  the 
glass  within  this  limit,  but  the  magnifying 
power  is  diminished  in  proportion  as  we  ap- 
proarii  nearer  to  the  glass.  Different  eyes, 
too,  will  require  to  place  themselves  at  differ- 
ent distances,  so  as  to  obtain  the  g^reatest  de- 
gree of  magnifying  power  with  distinctness, 
according  as  indi^uab  are  long  or  shorts 
sighted. 

This  kind  of  telescope  stands  in  no  need  of 
a  tube,  but  only  of  a  small  pedestal  on  which 
it  may  be  placed  on  a  table,  nearly  at  the 
height  of  Uie  eye,  and  that  it  be  capable  of  a 
motion  in  a  perpendicular  or  parallel  direction, 
to  bring  it  in  a  line  with  the  eye  and  the  ob- 
ject The  principle  on  which  the  magnifying 
power  in  this  case  is  produced,  is  materially 
the  same  as  that  on  which  the  Galilean  tele- 
scope depends.  The  eye  of  the  observer 
serves  instead  of  the  concave  lens  in  that  in- 
strument ;  and  as  the  concave  lens  is  placed 
as  much  within  the  focus  of  the  object-glass  as 
is  equal  to  its  own  focal  distance,  so  the  eye, 
in  these  experiments,  must  be  placed  at  least 
its  focal  distance  within  the  focus  of  the  lens 
with  which  we  are  experimenting;  and  the 
magnifying  power  will  be  nearly  in  the  pro- 
portion of  the  focal  distance  of  the  lens  to  the 
focal  distance  of  the  eye.  If,  for  example,  the 
focal  distance  of  the  eye,  or  the  distance  at 
which  we  see  to  read  duAinctly,  be  10  inches, 
and  the  focal  distance  of  the  Jens  11  feet,  the 

Fig.  61. 


magnifying  power  will  be  as  11  feet,  or  132 
inches  to  10,  that  is,  about  18  times.    Let  A 
(fig.  51 )  represent  the  lens  placed  on  a  pedes- 
(SOt) 


tal;  the  rays  of  light  pasring  thioagh  thii 
lens  from  distant  objects  will  converge  towards 
a  focus  at  F,  If  a  person  then  place  his  eye 
at  E,  a  certain  distance  within  the  focal  point, 
'he  will  see  distant  objects  magnified  nearly  is 
the  proportion  of  the  focal  distance  of  the  lens 
to  that  of  the  eye;  and  when  the  lens  is  veiy 
broad — such  as  the  26  feet  lens  mentioDed 
abov»-~two  or  three  persons  may  look  through 
it  at  once,  thou^  they  will  not  all  see  the 
same  object  I  have  alluded  above  to  a  lens 
made  by  M.  Azout  of  600  fiset  focal  distance. 
Were  it  posuble  to  use  such  a  lens  for  distant 
objects,  it  might  represent  them  as  magnified 
5  or  600  times,  without  the  application  of  any 
eyeglass.  In  this  way  ihe  aenal  telescope  of 
Huygens  would  magnify  oljects  above  100 
times,  which  is  about  half  the  magnifying 
power  it  produced  with  its  eyepiece.  Sop* 
pose  Azout's  lens  had  been  fitted  up  as  a  tele- 
scope, it  would  not  have  magnified  above  480 
times,  as  it  would  have  required  an  eyeglsst 
of  14  or  16  inches  focal  distance,  whereas, 
without  an  eyeglass,  it  would  have  magnified 
objects  considerably  above  600  times;  It  ii 
not  unlikely  that  the  species  of  telescope  to 
which  I  have  now  adverted  constituted  <Mie  of 
those  instruments' for  magnifying  distant  ob- 
jects which  were  said  to  have  been  in  the 
possession  of  certain  persons  long  before  tbeir 
invention  in  Holland,  and  by  Galileo  in  Itely, 
to  which  I  have  referred  in  p.  69.  Were 
this  kind  of  telescope  to  be  applied  to  the  oeles> 
tial  bodies,  it  would  require  to  be  elevated  upon 
a  pole  in  the  manner  represented  in  fig.  46, 
p.  83. 


SXCTIOH  YI. 

The  Achromatic  Teletcope. 

This  telescope  constitutes  the  most  import- 
ant and  useful  iqpiprovement  ever  made  upon 
telescopic  instruments,  and  it  is  probable  it 
will,  ere  long,  supersede  the  use  of  all  other 
telescopes.  Its  importance  and  utility  will 
at  once  appear  when  we  consider  that  a  good 
achromatic  telescope  of  only  4  or  6  feet  in 
length  will  bear  a  magnifying  power  as  great 
as  that  of  a  common  astronomica]  telescope 
100  feet  long,  and  even  with  a  greater  degree 
of  distinctness,  so  that  they  are  now  come  into 
general  use  both  for  terrestrial  and  celestial  ob- 
servations. There  are,  indeed,  certain  obstruc- 
tions which  prevent  their  being  made  of  a  very 
large  size ;  but  from  the  improvement  in  the 
manu&cture  of  achromatic  glass  which  is 
now  going  forward,  it  is  to  be  hoped  that  the 
difiiculties  which  have  hitherto  impeded  tho 
progress  of  opticians  will  soon  be  removed.  In 
order  to  understand  the  nature  of  this  te  e- 
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••  ge,  it  will  be  neoMHiTy  to  adveil  a  little  to  another  paper  painted  blue.  From  inch  facts 
th*  tmperfections  connected  with  the  common  and  experiments,  it  appears  that  the  image  of 
refracting  telescopes..  a  white  object  consists  of  an  indefinite  num- 

The  first  imperfection  to  which  I  allude  is  ber  of  coloured  images,  the  violet  being  nearest, 
this,  that  spkerteal  surfaces  do  not  refract  the  and  the  red  furthest  from  the  lens,  and  the 
'^y  of  iight  aeeuraiely  to  a  point ;  and  hence  images  of  intermediate  colours  at  intermediate  * 
the  image  formed  by  a  sin^e  convex  lens  is  distances.  The  aggregate,  or  image  itself, 
not  perfectly  accurate  and  distinct  The  rays  must  therefore  be  in  some  degree  confused ; 
which  pa«  near  the  extremities  of  such  a  lens  and  this  confusion  being  much  increased  by 
meet  in  foci  nearer  to  the  lens  than  those  the  magnifying  power,  it  is  found  necessary  to 
which  pass  nearly  through  the  centre,  which  use  an  eyeglass  of  a  certain  limited  convexity 
may  be  illustrated  by  &e  following  figure :  to  a  given  object-glass.  Thus,  an  object-glass 
Let  P  P  (fig.  52)  be  a  convex  lens,  and  Ee   of  34  inches  focal  length  will  bear  an  d^eglass 

of  only  one  inch  focus,  and  will  magnify  the 
diameters  of  objects  34  times ;  one  of  50  feet 
focal  distance  will  require  an  eyeglass  of  4J 
inches  focus,  and  will  magnify  only  142  times; 
whereas,  could  we  apply  to  it  an  eyeglass  of 
oh\j  one  inch  focus,  as  in  the  former  case,  it 
would  magnify  no  less  than  600  times.  And 
were  we  to  construct  an  object-glass  of  1 00  feet 
focal  length,  we  should  require  to  apply  an 
eyeglass  not  less  than  six  inches  focus,  which 
an  object,  the  point  E  of  which  corresponds  would  produce  a  power  of  about  200  times ; 
with  the  axis,  and  sends  forth  the  rays  E  M,  ao  that  there  is  no  possibility  of  producing  a 
E  N,E  A,  &c,  all  of  which  reach  the  sur-  great  power  by  single  lenses  without  extend- 
fiu;e  of  the  glaas,  but  in  different  parts.  It  is  ing  the  telescope  to  an  immoderate  length, 
manifest  that  the  ray  E  A,  which  passes  Sir  Isaac  Newton,  after  having  made  his 
through  the  middle  of  the  glass,  suffers  no  re-  discoveries  respecting  the  colours  of  light,  con- 
fraction.  The  rays  E  M^E  M,  likewise,  which  sidered  the  circumstance  we  have  now  stated 
pass  through  near  to  E  Af  will  be  converged  as  an  insuperable  barrier  to  the  improvement 
to  a  focns  at  F,  which  we  generally  consider  of  refracting  telescopes,  and  therefore  turned 
as  the  focus  of  the  lens.  But  the  rays  ^  iV,  his  attention  to  the  improvement  of  telescopes 
E  Nf  which  are  nearer  to  the  edge  of  the  by  reflection.  In  'iie  telescopes  which  he  con- 
glass,  will  be  differently  refracted,  and  will  structed  and  parUy  invented,  the  images  of 
meet  about  &,  nearer  to  the  lens,  where  they  objects  are  formed  by  reflection  from  speculums 
will  form  anoUier  image  G  s.  Hence  it  is  evi-  or  mirrors ;  and  being  free  from  the  irregular 
dent  that  the  first  image,  F/,  is  formed  only  by  convergency  of  the  various  coloured  rays  of 
the  union  of  those  rays  wluch  pass  very  near  light,  will  admit  of  a  much  larger  aperture  and 
the  centre  of  the  lens ;  but  aa  the  rays  of  light  the  application  of  a  much  greater  degree  of 
proceeding  from  every  point  of  an  object  are  magnifying  power.  The  reflector  which  New- 
very  numerous,  there  b  a  succession  of  images  ton  constructed  was  only  six  inches  long,  but 
formed,  according  to  the  parts  of  the  lens  it  was  capable  of  bearing  a  power  equal  to 
where  they  penetrate,  which  necessarily  pro-  that  of  a  six  feet  refractor.  It  was  a  long 
duces  indistinctness  and  confusion.  This  is  time,  however,  after  the  invention  of  these 
the  imperfection  which  is  distinguished  by  the  telescopes,  before  they  were  made  of  a  size 
name  of  spherical  aberration,  or  the  error  fitted  for  making  celestial  observations.  After 
arising  from  the  spherical  form  of  lenses.  reflecting  telescopes  had  been  some  time  in 

The  second  and  most  important  imperfoc-  use,  DoUond  made  his  famous  discovery  of 
lion  of  single  lenses,  when  used  for  the  object-  the  principle  which  led  him  to  the  construe- 
glasses  of  telescopes,  is,  that  the  rays  of  com-  tion  of  the  achromatic  telescope.  This  inven- 
pounded  fight  being  differently  refrangil^,  tion  consists  of  a  compound  object-glass 
come  to  their  respective  foci  at  different  dis-  formed  of  two  different  kinds  of  glass,  by 
tances  from  the  glass ;  the  more  refrangible  which  both  the  spherical  aberration  and  the 
fays,  as  the  vio^,  converging  sooner  than  errors  arising  from  the  difierent  refrangibility 
those  which  are  less  refrangible,  as  the  red.  I  of  the  rays  of  light  are  in  a  great  measure  cor- 
bave  had  occasion  to  illustrate  this  circom-  rected.  For  the  explanation  of  the  nature  of 
stance,  when  treating  on  the  colours  produced  this  compound  object-glass  and  the  effects  it 
by  the  prism,  see  p.  51,  and  figures  32  and  produces,  it  may  be  expedient  to  offer  the  fol- 
33,)  and  it  is  confirmed  by  the  experiment  of  lowing  remarks  respecting  the  dispersion  of 
a  paper  pamted  red,  throwing  its  image,  by  light  and  its  refraction  by  different  substances. 
iDMUf  of  a  lens,  at  a  greater  distance  than  The  dispersion  of  light  is  estimated  by  the 
^  3  Y  (805) 
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▼ariable  angle  formed  by  the  reJ  and  violet  For  the  edge*  of  a  convex  and  caacsfe  ko^ 

raya  which  bound  the  solar  gpectnim,  or,  when  placed  in  contact  with  each  other,  maj 

rather,  it  va  the  cxceas  of  the  refraction  of  the  be  considered  as  two  prisma  which  refract 

most  refrangible  ray  above  that  of  the  least  contrary  ways;  and  if  the  excess  of  refrarti^m 

refrangible  ray.    The  dispersion  is  not  pro-  in  the  one  bo  such  as  precisely  to  destroy  the 

portional  to  the  refraction,  that  is,  the  sub-  divergency  of  colour  in  the  other,  a  colourlew 

stances  which  have  an  equal  mean  refraction  image  will  be  formed.    Thus,  if  two  lenses 


its  refracting  angle,  A  C  B  (.fig-  31,  p.  61,)  will  be  to  that  produced  by  the  crown  glass 

BO  tha^the  middle  of  the  spectrum  which  it  as  three  to  two  nearly.    Now  if  we  make  the 

forms  falls  exactly  at  the  same  place  where  focal  lengths  of  the  lenses  in  this  proportion, 

the  green  rays  of  a  spectrum  formed  by  a  glass  that  is,  as  three  to  two,  the  coloured  qiectmm 

prism  would  fall,  then  we  shall  find  that  the  produced  by  each  will  be  equal.     But  if  the 

spectrum  formed  by  the  oil  of  cassia  prism  will  flint  lens  be  concave,  and  the  crown  convex, 

be  two  or  three  times  longer  than  that  of  the  when  placed  in  contact  they  will  mutually 

glass  prism.    The  oO  of  cassia,  therefore,  is  correct  each  other,  and  a  pencil  of  white  light 

said  to  disperse  the  rays  of  light  more  than  refracted  by  the  compound  lens  will  remain 

the  glass,  that  is,  to  separate  the  extreme  red  colourless. 

and  violet  rays  at  0  and  P  more  than  the  The  following  figure  may  perhaps  iUustrate 

mean  ray  at  grten,  and  to  have  a  greater  dis-  what  has  been  now  stated.    Let  L  L  (fig. 

persive  power.    Sir  I.  Newton  appears  to  63)  represent  a  convex  lens  ci  crown  glass. 
have  made  use  of  prisms  composed  of  difierent 

substances,  yet,  strange  to  tell,  he  never  ol>-  Fig*  W« 

served  that   they  formed    spectrums  whose  j^ 

lengths  were  di^rent  when  the  refraction  of  ^                                  ^^B^w 

the  green  ray  was  the  same,  but  thought  that        T  *''-*- -w^...,  mB^ *■ 

the  dispersion  was  proportional  to  the  refrao-  ^           '';iii::fiags=====S^^BWL,B 

tion.    This  error  continued  to  be  overlooked         ^^ 

by  philosophers  for  a  considerable  time,  and  y                         ^^^'^^^'^^^^^^S^Bp        p 

was  the  cause  of  retarding  the  invention  of         ° 7?  W 

the  achromatic  telescope  for  more  than  60  Ll'3^^' 

years.  ^ 

DoUond  was  among  the  first  who  detected  and  /  /  a  concave  lens  ot  JUnt  ghsa.    A  laj 

this  error.    By  his  experiments  it  appears  of  the  sun,  S,  fidls  at  F  on  ihc  convex  lens, 

that  the  different  kinds  of  glass  difl^r  ex-  which  will  refinct  it  exactly  as  the  prism  A  B 

tremely  with  respect  to  the  divergency  of  co-  C,  whose  faces  touch  the  two  surfaces  of  the 

lours  produced  by  equal  refractions.  He  found  lens  at  the  points  where  the  ray  enters  and 

that  Vno  prisms,  one  of  white  flint  glass,  quits  it    The  solar  ray,  iS  F,  thus  refracted 

whose  refracting  angle  was  about  26  degrees,  by  the  lens  L  L,  or  prism  A  B   C^  would 

and  another  of  crown  glass,  whose  refiracting  have  formed  a  spectrum,  P  7*,  on  the  waD, 

angle  was  about  29  degrees,  refracted  the  had  there  been  no  other  lens,  the  violet  ray, 

beam  of  light  nearly  alike,  but  that  the  diver-  P,  crossing  the  axis  of  the  lens  at  V,  and 

gency  of  colour  in  the  white  flint  was  consi-  going  to  the  upper  end,  P,  of  the  spectrum; 

derably  more  than  in  the  crown  glass ;  so  that  and  the  red  ray,  F  R,  going  to  the  lower  end, 

when  they  were  applied  together,  to  refract  T.    But  as  ^e  flint  glass  lens  /  A  or  the 

contrary  ways,  and  a  beam  of  light  transmitted  prism  A  a  Cy  which  receives  the  rays  FVyF 

through  them,  though  the  emergent  continued  R,  at  the  same  points,  is  interposed,  these 

parallel  to  the  inckient  part,  it  was,  notwith-  rays  will  be  united  at  f,  and  form  a  email  cip> 

standing,  separated  into  component  colours,  cle  of  white  light;  tne  ray  S  F  of  the  sun 

From  this  he  inferred  that,  in  order  to  render  being  now  refracted  without  colour  from  its 

the  emergent  beam  white,  it  is  necessaiy  that  primitive  direction  SF  Y'lnio  the  new  diree- 

the  refracting  angle  of  the  prism  of  crown  tion  Ff.    In  like  manner,  the  correspMiding 

glass  should  be  increased,  and  by  repeated  nj  S  if  will  be  refiracted  to  /,  and  a  while 

experiments  he  discovered  the  exact  quantity,  and  colourless  imalge  of  the  sun  will  be  then 

By  these  means  he   obtained  a  theory  in  formed  by  the  two  lenses.     In  this  combioa- 

which  refi'action  was  performed  without  any  tion  of  lenses,  it  is  obvious  that  the  spherica] 

separation  or  divergency  of  colour,  and  thus  aberration  of  the  flint  lens  corrects  to  a  coo- 

the  way  was  prepared  for  applying  the  prin-  siderable  degree  that  of  the  crown  glaas,  and 

''iple  he  had  ascertained  to  the  construction  by  a  proper  adjustment  of  the  radii  of  the  mn^ 

d»  the  objeet^lasses  of  refiracting  telescope&  &ces,  it  may  be  almost  wholly  removed,    l^ui 
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«Trar  i«  still  mora  tampletefy  comdnl  in  the  qitieiiiu  hare  occanoiully  fomwd  the  cou- 
triple  adlroaiatic  object-gUw,  \riiieb  mamla  care  kru  of  ui  ichromatic  object-gku  from 
of  three  leoH — a  concav«  flint  lens  placed  the  bottom  of  a  bnAen  tombler, 
between  coitTeie*  of  erown  glan.  Tig.  M  This  telescope  waa  invented  and  conrtmcted 
■how*  the  double  ichromatie  lena,  and  fig.  66  by  Mr.  John  DoUood  about  the  year  t  TSa. 
the  Iripk  Object-^aa,  aa  they  an  fitted  up  in  WTien  he  began  his  romerche.  into  Ihii  »ub- 
Fig.  04.  Fig.  86.  i'^,  he  WM  a  silk  weaver  in  Spitalfield^ 

^  *  London.    The  ■llempl  of  the  celebrated  Bu- 

ler  to  form  a  colourlees  telescope,  by  including 
nater  between  two  menlecua  ^aaeB,allracted 
his  attention,  and  in  the  year  1753   he  ad- 
dnwed  a  letter  lo  Mr.  Short,  the  optiFian- 
nhich  was  publiahed  in   the  Pbilosophicai 
Tranaactioni  of  London,  "  concerning  a  mi*- 
take  in  Euler's  theorem  for  correcting  the 
aberrations  in  the  object-gluns  of  refracting 
teleacope*"     After  a  gieal  variety  of  experi- 
ments on  the  refractiTe  and  disperaive  powen 
of  difTorenl  substances,  he  at  last  construeled 
a  leleacopc  in  which  an  exact  balance  of  the 
opposite  diapcnrivo  powers  of  the  erown  and 
tlini  lenses  made  the  colours  disappear,  while 
(heir  ealla,  and  placed  at  the  object-end  of  the    tlie  predominating  refraction    of  the   crown 
telescope.     In  consequence  of  their  prodoctng    lens  disposed  the  Bchromatic  rays  to  meet  at 
a  local  image  free  of  colour,  they  will  bear  a    a  distant  focus.     In  (^onHtructint;  such  object-     ' 
much  larger  aperture   end  a  much    greater    glasses,  however,  he  had  several  difficulties  to 
magnifying  power  than  common  refracting    encounter.     In  the  first  place,  the  focal  dia- 
teleicopes  of  the  aame  length.     While  a  com-    tance  ss  well  as  the  particular  sur&ces  must ' 
man  telescope  whoso  objoct-glaaa  is  3j    feet    be  very  nicely  proportioned  to  the  denBiliee  or 
local  diatanco  will  bear  an  aperture  of  scarcely    refractive  powers  of  the  glasses,  which  an 
one  inch,  the  3j  feet  achromatic  will  bear  an    *ery  apt  to  vary  in  the  aame  sort  of  glass 
aperture  of  Scinches,  and  consequently  trans-    made  at  difTerent  times.    In  the  next  plac«, 
mita  10^  limes  the  quantity  of  light.     While    the  centre*  of  the  tno  glasses  must  be  placed 
the  one  can  bear  a  magnifying  power  of  only    truly  in  the  common  axis  of  the  lelescope, 
about  36  times,  the  other  will  bcara  magniiy-    otherwise  the  desired  ellect  will  be  in  a  great 
ing  power  lor  celestial  object*  of  more  than   measure  destroyed.    To  those  difficulties  is  is 
300  times.  be  added,  that  Uiere  are  tour  surfacea  (even 

The  theory  of  ihe  achromatic  telescope  is  in  double  achromatic  object-glasses)  lo  be 
aomewhatcomplicatedandabsLruse,andwould  wrought  perfectly  spherical;  and  every  per^ 
require  a  more  lengthened  investigation  than  son  practised  in  optical  operations  wilt  allow 
my  limits  will  permit  But  what  has  been  that  there  must  be  the  greatest  accuracy 
already  stated  may  serve  logive  th«  reader  a  throughout  the  whole  work.  But  these  and 
general  idea  of  the  principle  on  which  it  is  other  difficulties  were  at  length  overcome  by 
constructed,  which  u  all  I  intended.  The  the  judgment  and  perseverance  of  this  inge- 
term  aeluvmatic,  by  which  such  instruments   nions  artist. 

an  now  diatinguiahed,  was  6rat  given  lo  Ihim  It  appeara.  however,  that  Dollond  was  not 
by  Dr.  Bevia.  It  is  compounded  i^  two  the  only  person  who  bad  the  merit  of  making 
Greek  words  wiiich  signify  "free  of  colour."  this  discovery — a  private  gentlemao.  Mr. 
And  were  it  not  that  even  philosophers  are  Chest,  of  Chest  Hall,  a  considerable  number 
not  altogether  free  of  that  pedantry  which  of  years  before,  having  made  a  similar  dis- 
induces  us  to  setecl  Greek  words  which  are  covery,  and  apptiod  it  lo  tho  same  purpose, 
nnintclligible  to  the  mass  of  manldnd,  they  This  fact  was  ascertained  in  the  course  of 
might  have  been  contented  with  selecting  the  a  process  raised  against  Dollond,  at  the 
plain  EngUrii  word  eolourleit,  which  is  as  instance  of  Watkins,  optician  at  Charing 
■igoiflcant  and  eipresnve  as  the  Greek  word  Cross,  when  applying  tor  a  palenL  But  as 
ac/uvnuilie.  The  crown  giau,  of  which  Ihe  the  other  genllemnn  had  kept  his  invention  a 
convex  lenses  of  this  telescope  are  made,  is  secret,  and  Dollond  had  brought  it  forth  (or 
the  same  as  good  common  window  glass  i  and  the  benefit  of  the  public,  the  decision  was 
the  _/?in(  ^/oH  is  that  species  of  glass  of  i^ich  given  in  his  fiivour.  There  was  no  evidence 
wine-glasses,  tumblers,  decanters,  and  siniilar  that  Dollond  bonowed  Ihe  idea  from  hiseom- 
articles  are  tbrmed,  and  is  sometimes  distin-  pcfilor,  and  both  were,  to  a  certain  extent,  en- 
guished  by  the  name  of  crystal  glass.     Some    titled  to  the  merits  of  Ihe  Uivcnlion. 

(SOT) 
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One  of  the  greatest  obstroctionfl  to  the  con-  perimente,  by  the  heavy  iuty  of  eauhe,  iHiidi 
■traction  of  large  achromatic  telescopes  is  the  is  rigorously  exacted,  whether  the  glass  be 
difficult  of  procuring  large  disks  of  flint  manufactured  into  saleable  articles  or  not,  and 
glass  ot  a  uniform  refractiTe  density,  of  good  has  thus  been  instramental  in  retaxding  the 
colour,  and  free  finom  veins.    It  is  said  that,  progress  of  improvement  and  discovery.     It 
fortunately  for  Mr.  DoUond,   this  kind  of  would  appear  that  experiments  of  this  kind 
glass  was  procurable  when  he  began  to  make  have  been   attended  with  more  success  in 
achromatic  telescopes,  though  the  attempts  of  France,  Germany,  and  other  places  on  the 
ingenious  chemists  have  since  been  exerted  to  Continent  than  in  Britain,  as  several  very 
make  it  vrithout  much  success.    It  is  also  large  achromatic  telescopes  have  been  con- 
said  that  the  glass  employed  by  DoUond  in  atracted  in  thoee  countries  by  means  of  flint 
the  fabrication  of  his  best  telescopes  was  of  glass,  which  was  cast  for  the  purpoae  in  dif- 
the  same  melting,  or  made  at  the  same  time,  ferent  manufactories,  and  to  which  British 
end  that,  excepting  this  particular  treasure,  artists  have  been  considerably  indebted,  as  the 
casually  obtained,  good  dense  glass  for  achro-  London  opticians  frequently  purchase  their 
matic  purposes  was  always  ss  difficult  to  be  largest  disks  of  flint  giaas  from  Parisian  agents, 
procured  as  it  is  now.    The  dispersion  of  the  Guinaud,  a  Continental  experimenter,  and 
flint  glass,  too,  is  so  variable,  that,  in  forming  who  was  originally  a  cabinetmaker,  appears 
an  achromatic  lens,  trials  on  each  specimen  to  have  had  his  labours  in  this  department  of 
require  to  be  made  before  the  absolute  pro-  art  crowned  with  great  success.     Many  years 
portional  dispersion  of  the  substances  can  be  were  employed  in  his  experimentSt  and  he  too 
ascertained.    It  is  owing  in  a  great  measure,  frequently,  notwithstanding  all  his  attentioii, 
to  these  circumstances  that  a  large  and  good  discovered  his  metal  to  be  vitiated  by  strie, 
achromatic  telescope  cannot  be  procured  un-  ^Mscks,  or  grains,  with  oometic  tails.   He  con- 
less  at  a  very  high  price.    Mr.  Tulley,  of  Is-  structed  a  fiimaoe  capable  of  melting  iwoewL 
lington — ^whohas  beien  long  distinguidied  as  a  of  glass  in  one  mass,  which  he  sawed  verti- 
maker  of  excellent  achromatic  instruments —  cally,  and  polished  one  of  the  sectioos,  in  order 
showed  me,  about  six  years  ago,  a  rude  piece  to  observe  what  had  taken  place  during  tiie 
of  flint  glass  about  five  inches  diameter,  in-  fusion.    From  time  to  time,  as  he  obtained 
tended  for  the  concave  lens  of  an  achromatic  blocks  including  portions  oi  good  glass,  his 
object-glass,  for  which  he  paid  eight  guineas,  practice  was  to  separate  them  by  sawing  the 
This  was  before  the  piece  of  glass  was  either  blocks  into  horizontal  sections,  or  perpendien- 
figured  or  polished,  and,  consequently,  he  had  lar  to  their  axes.    A  fortunate  accident  con- 
still  to  perform  the  delicate  operation  of  figur-  ducted  him  to  a  better  process.     A^Hiile  his 
ing,  polishing,  and  adjusting  this  concave  to  nicn  were  one  day  carrying  a  block  of  this 
the  convex  lenses  with  which  it  was  to  be  glass  on  a  handbarrow  to  a  sawmill  which 
combined;    and,  during  the  process,   some  he  had  erected  at  the  Fall  of  the  Doubs,  the 
veins  or  irregularities  might  be  detected  in  the  mass  slipped  from'  its  bearers,  and  rolling  to 
flint  glass  which  did  not  then  appear.    Some  the  bottom  of  a  steep  and  rocky  declivity,  was 
years  before,  he  procured  a  disk  of  glass  from  broken  to  pieces.     Guinaud  having  selected 
the  Continent,  about  seven   or  eight  inches  those  fragments  which  appeared  perfectly  ho- 
diameter,  for  which    he   paid   about  thirty  mogcneous,  softened  tbem  in  circular  moulds 
guineas,  with  which  an  exocUont  telescope,  in  such  a  manner,  that,  on  cooling,  he  obtained 
twelve  feet  focal  length,  was  constructed  for  disks  that  were  afterwards  fit  for  working, 
the  Astronomical  Society  of  London.    It  is  To  this  method  he  adhered,  and  contrived  a 
obvious,  therefore,  that  large  achromatic  tele-  way  for  clearing  his  glass  vHiile  cooling,  sa 
scopes  must  be  charged  at  a  pretty  hifrh  price,  that  the  fractures  should  follow  the  most  fruity 

In  order  to  stimulate  ingenious  chemists  and  parts.     When  flaws  occurred  in  the  large 

opticians  to  make  experiments  on  this  subject,  masses,  they  were  removed  by  cleaving  the 

the  Board  of  Longitude,  more  than  half  a  pieces  with  wedges;  then  smelting  them  again 

century  ago,  ofiered  a  considerable  reward  for  in  moulds,  which  gave  them  the  form   of 

bringing  the  art  of  making  good  flmt  glass  for  disks.    The  Astronomical  Society  of  London 

optical  purposes  to  the  requisite  perfection,  have  made  trial  of  disks  nuKie  by  Guinaud, 

But  considerable  difficulties  arise  in  attempt-  and   have  found  them  entirely  homogeneous 

ing  improvements  of  this  kuid,  as  the  expe-  and  fi«e  from  fault    Of  this  ingenious  artist's 

riments  nmst  all  be  tried  on  a  very  large  scale,  flint   glass    some  of  the  largest  achromatic 

and  are  necessarily  attended  vrith  a  heavy  telescopes  on  the  Continent  have  been  oon- 

expense ;   and,    although    government    has  structed.     But  it  is  more  than  twenty  yean 

been  extremely  liberal  in  voting  money  for  since  this  experimenter  took  his  flight  frtmi 

warlike  purposes,  and  in  bestowing  pensions  this  terrestrial  scene,  and  it  is    uncertain 

on  thoee  who  stood  in  no  need  of  them,  it  has  whether  his  process  be  still  carried  on  with 

thrown  an  obstruction  in  the  way  of  such  ex-  equal  sueoeos. 
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SoHcef  of  tome  large  Achromatic  Telescopes  London  Astronomical  Society^  procured  of  M. 

on  the  ConHnent  and  in  Great  Britain.  Cauchoix,  of  Paris,  an  achmmatic  object^laas 

of  11  2-10  inches  dear  aperture,  and  of  19 

1.  The  Donfot  Tslescope^TYda  is  one  of  feet  focal  length.    The  flint  glass  employed 

the  larg^est  and  most  expensive  refracting  tele-  in  its  construction  was  the  manufacture  of 

scopes  ever  constructed.    It  was  made  by  the  the  late  Guinaad  le  Pere,  and  was  found  to 

celebrated  Fraunhofer,  of  Munich,  for  the  ol>  bo  absolutely  perfect    The  first  observation 

senratoxy  of  the  Imperial  University  of  Dop-  was  made  with  this  telescope  while  on  a  tem- 

pat,  and  was  received  into  the  observatory  by  porary  stand,  on  Feb.  13,  1830,  when  Sir  J. 

Professor  Strove,  in  the  year  1825.     The  Herschel  discovered  with  it  a  sixth  star  in 

aperture  of  the  object-glass  of  this  telescope  is  the  trapezium  in  the  nebula  of  Orion,  whose 

9  J  EngKsh  inches,  and  its  solar  focal  length  brightness  was  about  one  third  of  that  of  the 

about  14  feet,  tbe  main  tube  being  13  French  fifth  star  discovered  by  Struve,  which  is  as 

feet,  exclusive  of  the  tube  which  holds  the  distinctly  seen  as  the  companion  to  Polaris  Is 

eyepieces.    The  smallest  of  the  four  magnify-  in  a  five  feet  achromatic.  Sir  James  gives  the 

ing  powers  it  possesses  is  175,  and  the  largest  following  notices  of  the  performance  of  this 

700,  which,  in  favourable  weather,  is  said  to  instrument  on  the  morning  of  May  14,  1880. 

present  the  object  with  the  utmost  precision.  <*At  half  past  two  placed  the  20  feet  achro- 

"  This  instrument,"  says  Struve,  "was  sold  matic  on  the  Georgium  Sidns,  saw  it  with  a 

to  us  by  PrivyK^unsellor  Vow  UTZcnxxiDxn,  power  of  346,  a  beautiful  planetary  disk ;  not 

the  chief  of  the  optical  establishment  at  Mu-  the  slightest  suspicion  of  any  ring,  either  per- 

nich,  for  10,500  florins  (about  £950  sterling,)  pendicular  or  horizontal ;  but  the  planet  tiiree 

a  price  which  only  covers  the  expenses  which  hours  east  of  the  meridian,  and  the  moon 

the  establishment  incurred  in  making  it"  within  three  degrees  of  the  planet    At  a 

Tbe'framework  of  the  stand  of  this  telescope  quarter  before  three,  viewed  Jupiter  with 

b  of  oak,  inlaid  with  pieces  of  mahogany  in  252  and  346,  literally  covered  with  belts,  and 

an  ornamental  manner,  and  the  tube  is  of  deal  the  diameters  of  his  satellites  might  have 

veneered  with  mahogany  and  highly  polished,  been  as  easily  measured   as  himself.     One 

The  whole  weight  of  the  telescope  and  its  came  from  behind  the  body,  and  the  contrast 

counterpoises  is  supported  at  one  point,  at  the  of  the  colour  with  that  of  the  planet's  limb 

common  centre  of  gravity  of  all  its  parts ;  and  was  striking.    At  three  o'clock,  viewed  Mars. 

though  these  weigh  3000  Russian   pounds.  The  contrast  of  light  in  the  vicinity  of  the 

yet  we  are  told  that  this  enormous  iclescope  poles  very  decided.   Several  spots  on  bis  body 

may  be  turned  in  every  direction  towards  the  well   and  strongly  marked ;  that  about  the 

heavens  with  more  ease  and  certainty  than  south  pole  seems  to  overtake  the  body  of  the 

any  other  hitherto  in  use.    When  the  object  planet,  and  gives  an  appearance  not  unKke 

end  of  the  telescope  is  elevated  to  the  ze-  that  afforded  by  the  new  moon,  familiarly 

nith,  it  is  sixteen  feet  four  inches,  Paris  mea-  known  as  *the  old  moon  in  the  moon's  arms.'" 

sure,  above  the  floor,  and  its  eye  end  in  this  Saturn  has  been  repeatedly  seen  with  powers 

pontion  is  two  feet  nine  inches  high.    This  frqm   130  to  028,  under  circumstances  the 

instrument  is  mounted  on  an  equatorial  stand,  most  favourable ;  but  not  any  thing  anomalous 

and  clockwork  is  applied  to  the  equatorial  about  the  planet  or  its  ring  coald  even  be 

axis,  which  gives  it  a  smooth  and  regular  suspected.    This  telescope  is  erected  on  an 

sidereal  motion,  which  it  is  said,  keeps  a  ^tar  equatorial  stand,  at  Sir  J.  South's  observatory, 

in  the  exact  centre  of  the  field  of  view,  and  Kensington. 

produces  the  appearance  of  a  state  of  rest  in  3.   Captain  SmytJCs  Telescope  in  his  pri" 

the  starry  regions,  which  motion  can  be  made  vate  observatory  at  Bedford. — ^This  acnro- 

solar,  or  even  lunar,  by  a  little  change  given  matic  telescope  is  8}  feet  focal  length,  with  a 

to  the  place  of  a  pointer  that  is  placed  as  an  clear  aperture  of  5  9-10  inches,  worked  by  the 

index  on  the  dial  plate.    Professor  Struve  late  Mr.  Tulley,  senior,  from  a  disk  purchased 

considers  the  optical  powers  of  this  telescope  by  Sir  James  South  at  Paris.  Tt  is  considered 

superior  to  those  of  Schroeter's  twenty-five  by  Captain  Smyth  to  be  the  finest  specimen 

feet  reflector,  from  having  observed  a-  Orionis  of  that  eminent  optician's  skill,  and,  it  is  said, 

with    fifteen  companions,  though   Schroetcr  will  bear  with  distinctness  a  magnifying  power 

observed  only  twelve  that  he  could  count  with  of  1200.    Its  distinctness  has  been  proved  by 

certainty.     Nay,  he  seems  disposed  to  place  the  clear  vision  it  gives  of  the  obscure  nebuln, 

it  in  competition  with  the  late  Sir  W.  Her-  and  of  the  companions  of  Polaris,  Rigel, 

■chers  forty-feet  reflector.    The  finder  of  this  a  Ly  ro,  and  the  most  minute  double  stars — the 

telescope  has  a  focal  distance  of  30   French  lunar  mountains,  cavities,  and  shadows  under 

•inches,  and  2-42  aperture.  all  powers — ^the  lucid  polar  regions  of  Mars— 

2.   Sir  James  South^s  Telescope. — About  the  sharpness  of  the  double  nng  of  Saturn— 

flie  year  1829,'Sir  J.  South,  President  of  the  the  gibbous  aspect  of  Venus— the  shadows  of 

102  3  T  2                  (809) 


02  THE  PRACTICAL  ASTRONOMER. 

Jttpiter'fl  aatelUtei  acrow  his  body,  and  the  minating  power  in  such  inBtnunenta.  Mr. 
splendid  contrast  of  colours  in  a  HercuieSi  Lawson,  a  diligeni  astroncnnical  observer  in 
y  Androroed«,  and  other  superb  double  stars.  Hereford,  possesses  a  most  beautiful  achio- 
Other  large  Achromatics* — Besides  the  matic  tdescope  of  about  7  indies  apertnre 
above,  the  following,  belonging  to  public  ob-  and  12  feet  focal  distance,  which  was  made 
servatories  and  private  indiinduals,  may  be  by  one  of  the  DoUonds,  who  considered  it  as 
mentioned.  In  the  Royal  Observatory  at  his  chef  d*cBuvrt,  It  is  said  to  bear  powers 
Greenwich  there  is  an  acl)h>matic  of  10  feet  as  high  as  1100  or  1400,  and  has  been  fitted 
focal  distance,  having  a  double  objectpglass  5  up  with  mechanism,  devised  by  Mr.  Lawson 
Inches  diameter,  which  was  made  by  Mr.  himself,  so  as  to  be  perfectly  easy  and  manege- 
Peter  Dollond,  and  the  only  one  of  that  size  able  to  the  observer,  and  which  displays  this 
he  ever  constructed.  There  is  also  a  46  inch  gentleman's  inventive  talent  In  several  of 
achromatic,  with  a  triple  oljectoglass  3  j  inches  his  observations  vnth  this  instrument,  he  is 
aperture,  which  is  said  to  be  the  most  perfect  said  to  have  had  a  view  of  some  of  the  more 
instrument  of  the  kind  ever  produced.  It  was  minute  subdivisions  of  the  ring  of  Saturn.  A 
the  favourite  instrument  of  Dr.  Madielyne,  very  exellent  achromatic  telescope  was  fitted 
late  astronomer  royal,  who  had  a  small  room  up  some  years  ago  fay  my  worthy  friend 
fitted  up  in  the  observatory  for  this  telescope.  William  Bridges,  Esq.,  Bladdieath.  Its  ob- 
The  observatory  some  years  ago  erected  near  ject-glaas  is  5^  inches  diameter,  and  about 
Cambridge  is,  perhaps,  the  most  splendid  6^  feet  focal  length.  It  is  erected  upon  equa« 
structure  of  the  kind  in  Great  Britain.  It  is  torial  machinery,  and  placed  in  a  sircular 
furnished  with  several  very  large  achromatic  observatory  which  moves  round  with  a  slight 
telescopes  on  equatorial  machinery ;  but  the  touch  of  the  hand.  The  object-glass  of  thii 
achromatic  telescope  lately  presented  to  it  by  instrument  cost  about  200  guineas;  the  equa- 
the  Duke  of  Northumberland  is  undoubtedly  torial  machinery  on  which  it  is  mounted  cost 
(he  Isrgest  instrument  of  this  description  150  guineas;  and  the  circular  obeenratory  in 
which  is  to  be  found  in  this  country.  The  which  it  is  placed  about  100  guineas,  in  all 
ebject>glass  is  said  to  be  25  feet  focal  distance,  450  guineas.  Its  powers  vary  from  50  to  300 
and  of  a  corresponding  diameter ;  but  as  there  times.-|- 

was  no  access  to  this  instrument  at  the  time  I  AchromaUc  Telescopes  of  a  moderate  size. 

visited  the  observatory,  nearly  six  yea«  ago,  guch  telescopes  as  I  have  alluded  to  abo^ 

I  am  unable  to  give  a  particular  deacnpUon  ^  ^           ^^^  largest  which  have  yet  been 

K-  K  T    .*^.^^?y**^„o^^*^  A^  ^""*'  °»^e  «n  ^^  achromatic  principle;  they  are. 

which  I  visited  in  1837,  I  noUced,  among  ^f  ^  comparatively  rare,  and  ci  be 

other  mstruments,  two  very  large  achromatic  ^^^^^  ^^j    J^         ^j  j^  ^^     p^  ^ 

telescopes,  which^measurmg  them  ruddy  by  ^j^^  obJect-gLses  in  Che  telescopes  to  whidi  I 

tiie  eye,  I  esumated  to  be  from  If  to  18  feet  ^^^  -J^fe^  ^^^^  ^  valuedat  less  than 

long  and  the  aperture  at  the  object  end  fiom  ^oo  guineas,  independenUy  of  the  tubes,  eye- 

1    ^     V  """^^^  .^tT!?*''    ^^^I  ''^~  w   piecAand  other  apparatus  with  which  they 
largest  achromatic^  I  had  previously  seen;  but   ^^  ^^^^  ^  f/^^  ^^^^^  ^     ^^ 

I  could  find  no  person  m  the  observatory  at  ,        jj^j^^  Jf  ^^^    ,^  g^  ^^^     *- 

tfaa  ume  who  could  give  me  any  informaUon  ^    ^^^^^  ^^  ^^^^  curves  of  the  dififerenl 

as  to  their  history,  or  to  their  exact  dimen-  j^„^     ^^  ^  ^^^ine  them  together  with 

sions  or  powers  of  magmfymg.*  ^u,,  „b,„«  ^^nr«r^  r^hirh  ;.  «^„;«f.  rf,.i 


by  M     Tunrof  twe  rLT  fo^l  distance  f^^  "^^  necessarily  set  a  high  value  upon 

Dy  Mr.  1  uiiey,  oi  twelve  leet  tocal  distance  .^  ^^^^  .^  ^  ^^^  ^^  ^^^ 

and  seven  inches  aperture,  which  is  said  to  be  ^^^y^^  ^alf  a  dozen  before  he  has  i^  one 

LZrnf''V''i  ^'  "^.K    Btar  which  ao.  ^^^^  -^  „^,,         g^^    ^^  ^^  ^^ 

TJT^l       r  r?i  *  ^rj-    /  ^j  ««»  °f  achromatic  telescopes  for  astronomical 

appears  through  this  telescope  as  distmct  and  pu^^gg    ^Yiith  are  reJnbrlv  sold  bv  the 

steady  as  one  of  Jupiter's  sateUites.    With  a  f^'P?^*  ^  •  .^^  w  ^  •  ^ 

-:«„ii  i^«-  ^e  a  '    ^    e  u*  u        i       i  London  opticians,  are  the  foBowmg: 

^'trtJ.l^i^^r^ili"?*  .?        r."^  «»P«  •>"  «»  object^.-  so  inche.  in  fooJ 

Of  an  observer  who  noticed  it,  the  small  star  i«„!lu i  o  :«-i.^-    i    -        ^ t»  • 

.ppeareda.ltdoe.mM,achromaticof3mch«.  '""f^;  ^  *  "'^.  «•""  'P"*""*     "  " 

.pertn™,  which  &ow.  the  gret  effi^  of  illu-  „i'.h^ Vwlro?^«)'rmt.;w%.".'t:.«';,S? 

of  the  belts  of  Jupiter,  and  the  double  rinff  of  8ft- 

♦  An  achromatic  telescope  !■  said  to  be  in  po«-  tnrn.  and  with  a  power  of  50  the  siars  In  the  aiilky 

session  of  Mr.  Cooper,  M.P.  for  Sligo,  wliJch  Is  36  way  and  some  of  the  nebule  appear  verjr  nanieroas 

feat  long,  and  the  diameter  of  the  object-glass  14  and  brilliant.  Its  owner  is  a  gentleman  who  eaites 

■•®"*"^,-  science  with  Cbristianity. 
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genarally  furnished  with  two  eyepieces,  one 
lor  terrestrial  objects,  magnifying  about  80  or 
35  times,  and  one  for  celestial  objects,  with  a 
power  of  70  or  75  times.  It  might  bo  fur- 
nished with  an  additional  astronomical  eye- 
piece, if  the  object-glass  be  a  good  one,  so  as 
to  produce  a  power  of  90  or  95  times.  M^ith 
such  a  telescope,  the  belts  and  satellites  of 
Jupiter,  the  phases  of  Venus,  and  the  ring  of 
Saturn  may  be  perceived,  but  not  to  so  much 
advantage  as  with  larger  telescopes.  It  is 
generally  6tted  up  either  with  a  mahogany  or 
a  brass  tube,  and  is  placed  upon  a  tripod  brass 
(tand,  with  a  universal  joint  which  produces 
a  horizontal  and  vertical  motion.  It  is  packed, 
along  with  the  eyepieces  and  whatever  else 
telongi  to  it,  in  a  neat  mahogany  box.  Its 
price  varies  according  as  it  is  furnished  with 
«u  elevating  rack  or  other  apparatus. 

The  following  are  the  prices  of  this  instru- 
nent,  as  marked  in  the  catalogue  of  Mr. 
Piilby,  Terrett's  Courts  Islington,  London. 

3J  feet  telescopes,  brass  mounted 
on  plain  pillar  and  claw  stand,  with 
I  eyepiece  for  astronomical  pur- 
poses and  1  for  land  o))jects,  to  vary 
the  magnifying  power,  packed  in  a 
mahogany  box     .        .        .        .     10  10  0 

Ditto,  ditto,  brass  mounted  on 
pillar  and  claw  stand,  with  ele- 
vating rack,  1  eyepiece  for  astro- 
nomical purposes,  and  1  for  land 
objects,  to  vary  the  magnifying 
power,  packed  in  a  mahogany  box     12  12  0 

The  following  prices  of  the  same  kind  of 
telescope  are  from  the  catalogue  of  Messrs. 
W.and  8.  Jones,  80  Lower  Holbom,  London. 

£   s»  d. 

The  improved  2^  feet  aChromatic 
refractor,  on  a  brass  stand,  ma- 
hogany tube,  with  three  eyepieces, 
two  magnifying  about  40  and  50  ' 
times  for  terrestrial  objects,  and  the 
other  about  75  times  for  astronomi- 
cal purposes,  in  a  mahogany  case      10  10  0 

Ditto,  ditto,  the  tube  all  brass, 
with  three  eyepieces    .        .        .     11  11  0 

Ditto,  ditto,  with  vertical  and< 
horizontal  rack-work  motions        .    15  15  0 

2.  The  ^  feet  Aehromaiie  Tekteope. — 
The  object-glass  of  this  telescope  is  from  44 
to  46  inches  focal  length,  and  2}  inches  diame- 
ter. It  is  generally  furnished  with  four  eye- 
pieces, two  for  terrestrial  and  two  for  celestial 
objects*  The  lowest  power  for  land  objects  is 
generally  about  45,  which  affords  a  large  field 
of  view,  and  exhibits  the  objects  with  great 
brilliance.  The  other  terrestrial  power  is 
usually  from  65  to  70.  The  astronomical 
powers  are  about  80  and  130;  but  such  a 


telescope  should  always  have  tiiother  eye- 
piece, to  produce  a  power  of  180  or  200 
times,  which  it  will  bear  with  distinctness,  hi 
a  serene  state  of  the  atmosphere,  if  the  object- 
glass  be  truly  achromatic  The  illuminating^ 
power  in  this  telescope  \»  neariy  double  that 
of  the  2^  feet  telescope,  or  in  the  proportion 
of  7.56  to  4,  and  therefore  it  will  bear  about 
double  the  magnifying  power  with  nearly 
equal  distinctness.  This  telescope  is  fitted 
up  in  a  manner  somewhat  similar  to  the 
former,  with  a  tripod  stand  which  is  placed 
upon  a  table.  Sometimes,  however,  it  is 
mounted  on  a  long  mahogany  stand  which 
rests  upon  the  fioor  (as  in  fig.  58,)  and  is 
fitted  with  an  equatorial  motion;  and  has 
generally  a  small  telescope  fixed  near  the  eye 
end  of  the  large  tube,  called  a  finder,  which 
serves  to  direct  the  telescope  to  a  psjticular 
object  in  the  heavens  when  the  higha  powers 
are  applied.  It  is  likewise  eligible  that  it 
should  have  an  elevating  rack  and  sliding 
tubes,  for  supporting  the  eye  end  of  the  in- 
strument, to  keep  it  steady  during  astronomi- 
cal observations,  and  it  would  be  an  advan- 
tage, for  various  purposes  which  shall  be 
afterward  described,  to  have  fitted  to  it  a 
diagonal  eyepiece  magnifying  40  times  or 
upward. 

The  prices  of  this  instrument,  as  marked  in 
Mr.  Tulley's  catalogue,  are  as  follows : 

£   s.  d. 

The  3^  feet  achromatic  telescope, 
2J  inches  aperture,  on  plain  pillar 
and  claw  stand,  2  eyepieces  for 
astronomical  purposes  and  1  for 
land  objects,  to  vary  the  magnify- 
ing power,  packed  in  a  mahogany 
box 21     0  0 

Ditto,  ditto,  with  elevating  rack 
and  achromatic  finder,  2  eyepieces 
for  astronomical  purposes  and  1 
for  day  objects,  to  vary  the  magni- 
fying power,  packed  in  a  mahogany 
box 26    6  0 

The  following  are  the  prices  as  marked  in 

Messrs.  W.  and  S.  Jones's  catalogue : 

£   B.  d. 

The  8}  feet  achromatic,  plain 
mahogany  tube    •        .        .        .     18  18  0 

Ditto,  ditto,  brass  tube      .        .    21    0  0 

Ditto,  all  in  brass,  with  rack- 
work  motions,  &;c.       .        .        .    26    5  0 

Ditto,  the  object-glass  of  the 
largest  aperture,  and  the  raek-work 
motions  on  an  improved  princi- 
ple    .        .       from  £37  16s.  to    43    0  0 

Ditto,  fitted  up  with  equatorial 
motion,  framed  mahogany  stand, 
divided  altitude  and  azimuth  arches, 
or  declination  and  right  ascension 
ditlea,  &c,  dec.,       from  £60  to    80    0  0 

C8U) 
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Thifl  ifl  the  telescope  which  I  would  par-  *    •  i     ^  *•  * 

ticularly  recommend  to  Mtronomica!  amateur.,  .  P»t5>>7^«'^««^f^^             oa    n  a 

whoae  pecuniary  resources   do   not  pennit  imrtead  of  pillar  and  daw  stand    .    84    0  0 

them  to  purchase  more  eipendve  instniments.  Here,  in  the  one  case,  the  increase  of  half 
When  fitted  up  with  the  eyepieces  and  powers  an  inch  in  the  diameter  of  the  object- glass 
already  mentioned,  and  with  a  finder  and  ele-  adds  about  JE16  to  the  expense,  and  in  the 
▼ating  rack — price  25  guineas— it  will  serve  other  case  no  less  than  £26  ^a.  The  propor- 
all  the  purposes  of  general  observation.  By  Uon  oi  light  in  those  two  telescopes,  compared 
this  telescope  satisfiictory  views  may  be  ob-  i;irith  that  of  2}  inches  aperture,  is  as  follows, 
tained  of  most  of  the  interesting  phenomena  The  square  of  the  2}  object-glass  is  7^ ; 
of  the  heavens— such  as  the  spots  on  the  sun  that  of  3^,  10.56 ;  and  that  of  3ie  3j,  14.06; 
— the  mountains,  vales,  and  caverns  on  the  go  that  the  light  admitted  by  the  3^  oom- 
lunar  surface — the  phases  of  Mercury  and  pared  with  the  2j  aperture  is  nearly  as  10  to 
Venus— the  spots  on  Mar»— the  satellites  and  7 ;  and  the  light  admitted  by  the  3j  object- 
belts  of  Jupiter— the  ring  of  Saturn — ^many  glass  is  nearly  double  that  of  the  2j  aperture, 
of  the  more  interesting  nebuls,  and  most  of  and  will  bear  nearly  a  proportional  increase  of 
the   double   stars   of  the  second  and  third  nagniiying  power. 

classes.    When  the  object-glass  of  this  tele-  3.  The  6  fed   Aekromalie    TUeteope.-^ 

scope   is    accurately   figured   and    perfectly  The  focal  length  of  the  object-glass  of  this 

aclm>matic,  a  power  of  from  200  to  230  may  telescope  is  5  feet  3  inches,  and  the  diameter 

be  put  upon  it,  by  which  the  division  of  of  its  aperture  3  8-10  inches.    The  usual 

Saturn's  ring  might  occasionally  be  perceived,  magnifying  powers  applied  to  it  are,  for  land 

It  is  more  easily  managed,  and  represents  ob-  objects  65  times,  and  for  celestial  objects  110, 

jectBConsiderablybrightcr  than  reflecting  tele-  190,250,  and  sometimes  one  or  two  higher 

scopes  of.  the  same  price  and   magnifying  powers.     The  quantity  of  light  it  possesses  is 

power,  and  it  is  not  so  apt  to  be  deranged  as  not  much  larger  than  that  of  the  3J  feet  tele- 

^  reflectors  generally  are.    A  telescope  of  a  less  scope,  with  3|  inches  aperture ;  but  the  larger 

size  would  not,  in  general,  be  found  satisfac-  focal  length  of  this  telf»cope  is  considered  to 

tory  for  viewing  the  objects  I  have  now  speci-  be  an  advantage,  since  the  longer  the  focus  of 

fied,  and  for  general  astronomical  purposes.  It  the  object-glass,  the  less  will  be  its  chromatic 

may  not  be  improper,  for  the  information  of  and  spherical  aberrations,  and  the  larger  may 

some  readers,  to  explain  what  is  meant  in  Mr.  be  the  eyeglasses,  and  the  flatter  the  field  of 

Tulley*s  catalogue  when  it  is  stated  that  this  view. 

instrument  "  has  one  eyepiece  for  day  objects.  The  following  are  the  prices  of  these  tele- 

to  vary  the  magnifying  power**    The  eye-  scopes,  as  marked  in  Mr.  Tulley*s  catalogue : 

piece  alluded  to  is  so  constructed,  that  by  £  m.  d. 

drawing  out  a  tube  next  the  eye  you  may  in-  5  f^^  telescopes,  ^  inches  aper- 

crease  the  power  at  pleasure,  and  make  it  to  ture,  on  a  universal  equatorial  stand, 

vary  say  from  40  to  80  or  100  times;  so  that  y^^    achromatic    finder,  4  eye- 

such  a  construction  of  the  terrestrial  eyepiece  pieces   for  astronomical  purposes 

(to  be  a/lerward  explained)  serves,  in  a  great  ^^  i  f^^  jay  objects,  to  vary  the 

measure,  the  purpose  of  separate  eyepieces.  ni»gnifyuig  power,   packed  in  a 

The  whole  length  of  the  3J  feet  telescope,  mahogany  box         100  guineas  to  157  10  0 

when  the  terrestrial  eyepiece  is  applied,  is  7  f^^  jitto,  5  inches  aperture, 

about  ^  feet  from  the  object-glass  to  the  first  ^^  ^  ^^j^iy  improved    univeraal 

eyeglass.                          *  ,      , .                  -  equatorial  stand,  6  eyepieces  for 

When  the  aperture  of  the  object-glass  of  astronomical  purposes  and  1  fw 

this  telescope  exceeds  2J  inches,  its  price  day  objects,  to  vary  the  magnifying 

rapidly  advances.  power,  with  achromatic  finder  and 

The  following  is  Mr.  TuUey  s  scale  of  Troughton*s  micrometer       .        .  207    5  0 

prices,  proportionate  to  the  increase  of  aper*  ^     , 

toje :  The  above  are  all  the  kmds  of  achromatic 

£   8.  d.  telescopes  generally  made  by  the  London  op- 

3i  feet  telescopes,  3}  inches  aper-  ticians.    Those  of  the  larger  kind,  as  5  and  7 

ture,  with  vertical  and  horizontal  feet  telescopes,  and  the  3|  feet  with  3}  inches 

rack-work     motions,     achromatic  aperture,  are  generally  made  to  order,  and  are 

finder,  3  eyepieces  for  astronomi-  not  always  to  be  procured.     But  the  2^  and 

cal  purposes,  and  one  for  day  ob-  3^  feet  achromatics  of  2J  inches  apertare  are 

jects,  to  vary  the  magnifying  power,  generally  to  be  found  ready  made  at  most  of 

packed  in  a  mahogany  box           .    42     0  0  810  opticians'  shops  in  thd  metropolis.    The 

Ditto,  ditto,  3j  inches  diameter,  prices  of  these  instruments  are  nearly   the 

mounted  as  above        .        .        .    68    5  0  same  in  most  of  the  opticians'  shops  in  JLon 
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don.     Some  of  them  demand  b  hi^ei  price,  a  fumiahed  nith  tn  ipparataa  for  eqoatorUI 

but  few  of  them  ue  ever  sold  lo<>ver  than  what  motiaiii.    The  bnua  pin  i*  mode  to  move 

has  been  Btaled,  unlen  in  ceitaia  cuca  when  roaod   in  the  bnuB  locket  b,  and  may  be 

■  discount  i«  aUow«d.  Cigtitened  by  meani  oT  the  ftnger  screw  d. 

The  etanda  for  these  teleaeopeB,  and  the  when  the  telescope  ia  directed  nearlf  to  the 

nuinner  in  which  they  are  fitted  up  for  ob-  object  intended  to  be  Tiewed.    Thb  socket 

MTTation,ia  represented  in  figures  57,  SS,  and  maybe  set  perpendicular  to  tbe  borjion,  (»  to 

eg.    Fig.  ST  tepresenls  either  the  2^  or  the  any  other  required  angle ;  and  the  quantity 


Fig  67 


Fig.  68. 


i  feet  telescopes,  mounted  on  a  plain  brass 
ttaad,lo  be  placed  on  a  table,  jl  is  the  long 
eyepiece  for  land  objecU,  and  B  the  smell 
eyepiece  for  aatronoioicsl  otieervalion,  which 
i*  composed  of  two  lenocs,  and  represents  the 
otgect  in  an  inverted  position.  These  eye- 
pieces are  screwed  on,  ea  occasion  requires,  at 
£,  Ule  eye  end  of  the  telescope.  The  shorter 
of  the  two  sstronomical  eyetubes  which  ac- 
company [his  tcleuMpe  produces  the  highest 
magnifying  power.  For  adjusting  the  tele- 
scope to  distinct  vision,  there  ia  a  brass  knob 
or  button  at  a,  which  moves  a  piece  of  rack- 
work  connected  with  the  eyelube,  w')ich  must 
be  turned  cither  one  way  or  the  other  till  the 
object  appears  distinctly,  end  diOercnt  eyes 
frequently  require  a  diffcrenl  adjUBtment. 

Fig.  58  represents  a  5  feel  trteacopc  fitted 
np  for  BBlronomical  observations.  It  is 
niaunted  on  a  mahogany  stand,  the  three  legs 
of  which  are  made  to  cloee  up  together  by 
means  of  tlie  brass  fivme  a  a  a,  which  u 
composed  of  three  bars,  connected  with  three 

joints  in  the  centre,  and  three  other  joints, 
coiJiected  with  the  three  mahogany  baia.    It 


of  the  an^  is  ascertained  bf  the  divided  art, 

end  the  inatrument  made  tail  in  that  posititm 
bytheecrew;.  If  this  socket  be  set  to  the  Isti- 
I  ade  of  the  place  of  obeervalion,  andtheptaneof 
this  arc  be  turned  so  as  to  be  in  the  plane  of  the 
meridian,  Iho  socket  i  being  filed  to  the  in- 
clination of  the  pole  of  the  earth,  the  lels- 
sGope,  when  turned  in  this  socket,  will  have 
an  equatorial  motion,  so  that  celestiol  objects 
may  be  slm^  kept  in  view  when  this  equa- 
tor^ motion  is  performed.  The  two  handles 
at  A,  am  connected  with  rack-work,  intended 
to  move  the  telescope  in  any  required  direo* 
tion.  The  two  sets  of  brass  sliding  rods,  ■  t, 
are  intended  to  render  the  telescope  as  steady 
SB  possible,  and  to  elevate  and  depTeaa  it  at 
pleasure,  end  are  so  constructed  as  to  slide 
into  each  other  with  the  utmost  ease. 

Theffnder  is  placed  at  A  E,  either  on  the 
top  or  the  left  side  of  the  tube  of  the  telescope. 
When  high  magni^ing  powers  aro  applied 
to  any  telescope,  it  ia  sometimes  difliculti  on 
account  of  the  smallness  of  the  Sekl  of  viuw, 
to  direct  the  main  tube  of  the  telescope  to  the 
object.  But  the  finder,  which  is  a  teloscopa 
with  a  small  power,  and  consequently  haa  a 
large  fiekl  of  view,  when  directed  to  any  ob- 
(SIS) 
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jeel,  it  is  eamtj  fbnnd,  and  being  brought  to 
(he  caitn  of  tfw  SeU,  where  two  craa*-hun 
intensct  emch  other,  it  will  then  ba  leen  in 
the  larger  teleacope.  A  ii  the  eyetobe  for 
terrestiul  objacts,  conluDiDg  tmr  glaaee,  uid 
C  onp  of  the  Mtronoiiucal  ejepiece*     A 


pieces,  to  protect  the  e;e  from  Ibe  gli 
light,  when  viewing  ^e  epota  of  the  ran. 
The  braii  nut  ahare  /  is  inlenJed  for  the  id- 
ju«n»nt  of  the  eyepiece  to  diatinct  Tidon. 
The  3}  feet  teleteope  ii  eometime*  moanted 
to  thi>  fonn. 

Kg.  C9  tttpnaaO*  «  K  or  6  feet  leleecope. 


tni^nted  on  t  >tuid  of  t  ,»?>  uvliduui^u^j 
Dollond.  It  poaaewea  the  adraatBgc  of  nip- 
porUng  tile  leleac<q>e  in  two  [duea,  which 
fenders  it  eilnoielj  steed;,  a  proper^  of 
great  importance  when  viewing  celntial  ob- 
)ecls  with  high  magni^^g  powere.    ft  poe- 


naifi,  likewiM,  the  adranfage  of  eniUiBg 
the  obarirer  to  conttnoe  seated  at  the  aams 
height  from  the  floor,  although  the  teleeeope 
be  nised  to  an;  altitude,  l/ie  elevaiion  being 
enlire/g  at  Ike  objeel  end,  although  it  may 
be  changed  from  the  hotiion  lo  the  lenith. 
The  fruneworit  ifl  compoaed  of  ban  of  maho- 
gan;,  and  reata  on  three  caatora,  two  irf  whidi 
are  made  &at  lo  their  respediie  legs  in  the 
usual  way,  and  the  third  lUnda  under  the 
middle  of  the  lower  horiioota]  bar  ihal  cou- 
necta  the  two  opposite  legs,  so  that  the  frame 
b>a  all  the  advantages  of  a  tripod.  As  it  be- 
conMB  very  incoavenient  to  stoop  to  the  eje 
end  of  a  teleaci^  when  the  attitude  of  an 
ol^ect  is  considerable,  and  the  centre  of  motion 
at  the  middle  of  the  tube,  this  construction  of 
a  ataitd  aerves  to  remedy  such  incon*eoieDce. 
Proportioaa  of  Cumaiure  of  the  Lenta 
which  form  an  aekromalic  Objed-glim. 
Aa  Borrw  ingenious  mechanics  may  feel  a 
dean  to  attempt  the  corutmclitHi  of  a  com- 
pound achromatic  object^lass.  I  shall  hen 
state  eoiDe  of  the  proportions  of  curratore  of 
the  conCBTe  and  convei  tenses  which  serve  to 
guide  opticians  in  their  construction  of  achro- 
matic instrumento.  These  proportiona  are 
wious  i  and  even  when  .demorutratcd  to  be 
mathematically  correct,  it  is  sometj  ttiea  diffi- 
cult to  reduce  them  to  pryjtice,  on  account  of 
the  diSereot  powers  of  refraction  and  disper- 
sion possessed  by  different  disks  of  crown  and 
fiiot  glass,  and  of  the  difficulty  of  producing 
by  mechanical  meana  the  exact  curves  whicb 
theory  requirea.  The  following  table  shows 
the  ladi  of  curvature  of  the  different  mrfacrs 
of  the  lenses  neceiaaiy  to  form  a  double 
aehromatie  lAjed-glam,  it  bring  snppoeed  that 
the  sine  of  refraction  in  the  ciown-glass  is  ai 
IJStS  to  1.  anil  in  the  eint  as  1.5739  lo  I. 
the  ralio  of  their  dtapersive  powen  being  as 
1  to  1.B34.  It  is  also  saiimed  that  the  cur- 
vatures of  the  concave  lena  are  as  1  to  3,  that 
ia,  that  the  one  side  i^  this  lens  is  groand  on 
a  tool,  the  radios  of  which  is  double  that  of 
the  other.  The  1st  column  expresses  the 
compound  fbena  of  the  o)^ect-glass  in  meha  ; 
the  Sd  column  stales  the  radius  of  the  on/cruir 
surface  of  the  cmon,  and  cfdomn  3d  \U  pet- 
Itrior  side.  Column  4lh  expnwKs  the  radius 
oftheante-ior  sntfcceof  theomeow  lena,  and 
column  5lh  ils  poateriot  eurftee,  which,  it  will 
be  observed,  iaeiaetiy  double  that  of  tb«  other : 


t^yj^^ 

a.^^^ 

>d;„.ru»rt<. 

>»*v,>»»~ 

b..       U.C 

4.      «M 

*.     m 

M 

«.      W4 

IS.      K* 

to.     BH 

1)!     sM 

}t.       611 

u.    on 

18.      MS 

1<-       094 

33.    m 

W 

)i 

41.      711 

X 

M.      HO 

B).    at 
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Fium  the  preoeding  table  it  will  be  seen  that, 
to  construct,  for  example,  a  80  inch  compound 
olgect^Iass,  the  radius  of  the  anterior  nde  of 
the  zrown  must  be  7^  inches,  and  that  of  the 
posterior  side  1 1.63  inches ;  the  radius  of  the 
anterior  sur&ce  of  the  concave  10.428,  and 
that  of  the  posterior  20.856  inches.  It  maj 
be  pn^r  to  observe,  that  in  these  computa- 
tions, the  radius  of  the  anterior  surface  of  the 


concave  is  less  than  the  posterior  side  of  the 
convex,  and  consequently  admits  of  its  ap- 
proach, without  touching  in  the  centre— « 
circumstance  which  always  requires  to  be 
guarded  against  in  the  combination  of  adiro- 
matic  glasses.  The  following  table  shows 
the  radii  of  curvature  of  the  lenses  of  a  triple 
object-glass,  calculated  from  formula  deduced 
by  Dr.  Robison,  of  Edinbui*gh : 


Focal 


6 
9 

It 

18 
34 
SO 
» 
48 
48 
54 
00 


CooTU  Um  otenwu  fluh 


lae.  Ow. 

4.  54 

0.  83 

9.  85 

13.  67 

]8.  33 

83.  71 

87.  33 

31.  87 

36.  43 

40.  M 

45.  48 


Idc.  0«a 

3.  03 

4.  SO 
6.  17 
9.  13 

13.  85 

15.  16 

18.  85 

81.  88 

84.  33 

87.  36 

SO.  83 


CoBCftf  •  Um  of  fliaf  gtaat 

OOOVM  Um  of  «TO«ri|  glMh 

lix.    Dae. 

iM.    D«e. 

Inc. 

Dm. 

loe.    Dee. 

3.     03 

6.    36 

6. 

36 

.    64 

4.    50 

9.    54 

9. 

54 

.     92 

6,    17 

18.    75 

13. 

75 

1.    88 

9.     13 

19.    08 

19. 

OS 

1.     93 

13.    85 

25.    50 

85. 

50 

8.     56 

15.     16 

31.    79 

31. 

79 

3.    8Q 

18.    85 

38.    17 

88. 

17 

8.    84 

81.    88 

44.    53 

44. 

53 

4.    48 

84.    33 

50.    08 

50. 

93 

6.     13 

87.    36 

57.    28 

57. 

88 

5.    76 

SO.    S3 

63.    56 

OS. 

58 

6.    4 

'Hie  following  table  contains  the  proportions  of  curvature  said  to  be  employed  by  the  Lon- 
don opticians : 


riKal 
lM«ih. 

CnBv«x  of  eroiTB  gba. 

R«ihM  of  both  tlw  Mffam 
•r  Ibo  eracwra  of  flial  gtui. 

CoBvoK  loH  of  erowa  |ba. 

lacbM. 

Inc.    l>c 

iMt.     DNb 

loc    Dee. 

Inc.    Dee. 

laa    Dee. 

6 

3.    77 

4.     49 

8.    47 

3.    77 

4.    49 

9 

5.    05 

6.    74 

5.    21 

5.    65 

6.    74 

18 

7.    54 

8.    99 

6.    95 

7.    54 

8.    99 

18 

11.    30 

13.    48 

10.    43 

11.    30 

13.    48 

24 

15.    08 

17.    98 

13.    90 

15.    08 

17.    96 

30 

23.    61 

96.    96 

80.    84 

88.    61 

86.    96 

48 

26.    38 

31.    45 

84.    81 

26.    38 

81.    45 

48 

30.     16 

35.    96 

27.    60 

SO.    16 

35.    96 

54 

33.    01 

40.    45 

SI.    27 

33.    91 

40.    45 

60 

37.    66 

44.    94 

34.    74 

37.    68 

44.    94 

From  this  table  it  appears  that  the  two 
convex  lenses  have  the  same  radii  of  their  re- 
flective sides,  and  that  the  concave  flint  lens 
has  its  two  surfaces  equally  concave,  so  that 
a  triple  object-glass  formed  according  to  these 
proportions  would  require  only  three  pair  of 
grinding  tools.  The  following  are  the  curves 
of  the  lenses  of  one  of  the  best  of  DoUond's 
achromatic  telescopes,  the  focal  length  of  the 
compound  object-glass  being  46  inches. 
Beckoning  from  the  surface  next  the  object, 
the  mdii  of  the  crown  glass  were  28  and  40 
inches ;  the  concave  lens  20.9  inches,  and  the 
inniT  crown  glass  lens  28.4  and  28.4  inches. 
This  telescope  carried  magnifying  powers  of 
from  100  to  200  times. 

Although  I  have  inserted  the  above  tables, 
which  might,  in  some  measure,  guide  an  in- 
genious artist,  yet,  on  the  whole,  a  primte 
amateur  has  little  chance  in  succeeding  in 
such  attempts.  The  diversity  of  glasses,  and 
the  uncertain^  of  an  unpractiwd  woiiuaan's 
producing  the  precise  curvature  he  intends, 
IS  80  great,  that  the  object-glass,  for  the  most 
put,  turns  out  different  from  his  expectations. 
The  great  difficulty  in  the  construction  b  to 


find  the  exact  proportion  of  the  dispersive 
powers  of  the  crown  and  flint  glass.  The 
crown  is  pretty  constant,  but  there  are  hardly 
two  pots  of  flint  glass  which  have  the  same 
dispersive  power.  £ven  if  constant,  it  is 
difficult  to  measure  it  accurately;  and  an 
error  in  this  greatly  afiects  the  instrument, 
because  the  focal  distances  of  the  lenses  must 
be  nearly  as  their  dispersive  powers.  In  the 
two  preceding  tables,  the  sine  of  incidence  in 
tiie  crown  glass  is  supposed  to  be  to  the  sine 
of  refraction  as  1 JS26  to  1 ;  and  in  the  flint 
glass,  as  1.604  to  1.  Opticians  who  make 
great  numbers  of  lenses,  both  of  flint  and 
crown  glass,  acquire,  in  time,  a  pretty  good 
guess  of  the  nature  of  the  errors  which  may 
remain  after  they  have  finished  an  object 
glass ;  and  having  many  lenses  intended  to  be 
of  the  same  form,  but  unavoidably  dificring  a 
little  from  it,  they  try  several  of  ihe  concaves 
with  the  two  oonvcxes,  and  finding  one  better 
than  the  rest,  they  make  use  of  it  to  complete 
the  set  In  this  way  some  of  the  best  achro-" 
matic  telescopes  are  frequently  formed.  I 
have  sometimes  found,  when  supplying  a 
concave  flint  glass  to  a  telescope  where  it 
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luppenoa  to  be  winUng,  Atl.  of  fiMir  or  fiie  B;  mauu  of  ui  ingenioiu  piuawtic  app*- 
concsTelGnBeowhidi  appeared  to  be  Ibewnn  ratlu,  hs  eiamined  (he  optical  properties  (rfa 
u  to  curvature  and  other  properties, Dill; one  great  varietj of fluidc  Tbe  aolutionesriDetab 
WBi  found  to  produceadiBtJncland  colourleu  and  umi-metali  proved  in  all  caaee  miHe  die- 
image.  Should  any  one,  however,  wtab  to  peraive  than  croim  glue.  Some  of  the  iBlte, 
attempt  the  conetructioD  of  an  achramicic  cufti  ai  sal  ammoniac,  greatl;  inneaaed  tbe 
leas,  die  best  nay  for  preventing  dlsappaint-  ilispenive  power  of  water.  The  marine  aeid 
ments  in  the  result  ia  to  procure  a  vanetg  of  di^rses  tea  considerably,  and  this  ijnality 
tables  of  the  respective  CDrrmlare*  founded  increaeea  yflxh  its  strengUi.  The  moat  dia- 
aa  different  condiliont,  anA^iuch,  o( caarae,  persive  fluids  were  accordin^j  found  to  be 
require  the  surfaces  of  the  several  lensee  to  those  in  whi<^  this  add  and  the  metals  were 
be  of  different  eurrea.  Having  Icnsea  of  dif-  combined.  TTie  chemical  pivpsration  called 
ferent  radii  at  his  command,  and  having  ^an  caiulieum  aalimoniak,  or  butter  crf'sntiaMnj, 
of  diflerent  refractive  or  dispernre  powers,  in  its  moAt  concentrated  Bbite,  vrhea  it  hai 
when  one  combination  does  not  exactly  suit,  just  attracted  auHicient  humidity  lo  render  it 
he  may  try  another,  and  ultinmlcly  may  sue-  fluid,  ponesBBS  tho  quality  of  dispersing  tbe 
ceed  in  constructing  a  good  achromatic  tele-  rays  in  an  astonishing  degree.  The  great 
■cope;  for,  in  many  cases,  it  has  been  found  quantity  of  the  semi-melal  retained  in  solu- 
thal  chance,  or  a  bappj  combination  of  lenses  tion,  and  tbe  highly  ooncentrated  stale  of  the 
by  trial,  has  led  lo  the  formation  of  an  eiceU  mariite  acid,  are  considered  as  the  cause  of 
lent  object-glass.  this  itriliing  ellect.     Corrosive  sulilimate  erf 

II        _i  ■    -rti                            J    r  a.  -J  mercury,  sdded  lo  a  solution  of  lal  amrnoni- 

AOronudu:  Tihtp^  aimpotd  cfjb,^  ^„  ;„  ,^,  p„„^^  the  n.rt  pla»  to 

"'*"'•  the  butter  of  antimony  among  the  disperBve 

"tta  beat  achromatic  telescopes,  when  fluids  which  Dr.  Blair  eiamined.  The  es- 
minutety  examined,  are  found  to  be  in  some  sential  oils  were  found  to  bold  the  next  rank 
respects  defective,  on  account  of  that  alight  to  metallic  aolutions  among  fluids  which  pas- 
degree  of  colour  which,  by  the  aberration  of  seas  the  dispersive  quali^,  particoJariy  thoae 
the  nys,  they  give  lo  objects,  unless  the  ob-  obtained  from  bitumirums  minerals,  as  native 
ject-glass  tie  of  small  diameter.  When  we  petrolea,  pit  coal,  and  amber.  The  divisive 
examine  with  attention  a  good  achromatic  power  of  the  essential  oil  of  aaaaa&as,  and  the 
telescope,  we  find  that  it  does  not  show  white  enential  oil  of  lemons,  when  genuine,  wen 
or  luminous  objects  pertectlv  free  from  colour,  found  to  be  not  much  inferior  lo  any  of  Ihese. 
their  edges  being  tinged  on  one  side  with  a  But  of  all  the  fluids  fitted  for  optical  puipsses. 
clafet  coloured  fringe,  and  on  the  other  viith  Dr.  Blair  found  tbsl  Iht  imirialic  aad  fntzM 
a  green  fringe.  This  telescope,  thercfon;,  re-  uiith  a  nttaliic  lohition,  or,  in  other  words, 
quired  ruitherimprovement,  loget  rid  of  these  a  fluid  in  which  the  mariua  add  and  metal- 
secondary  colours,  and  Fadior  fioscovirh,  to  hno  particles  hold  s  due  propartion,  most  ec- 
whomeveiy  brancbofopticsiamuchindetited,  curate ly  suited  bis  puipoae.  In  a  spectrum 
displayed  much  ingenuity  in  bia  attempts  to  formed  by  this  flnid,  tho  green  wore  amani 
attain  this  object.  But  it  ia  to  Dr.  Blair,  the  moat  refrangible  rays; 
professor  of  astronomy  in  Edinburgh,  that  we  Fig.  60.  and  when  ita  dispeniaa 
are  chiefly  indebted  for  the  first  sucoesaful  was  conecled  by  that  of 
experiments  by  which   Ibis  end  was  accom-  C                         ■  glass,  then  waa  prodnced  an 

EUahed.  By  ajndicinua  act  of  expciimants,  inverted  secoiMliiiy  speo- 
e  proved  thst  the  quality  of  dispersing  the  bum,  that  is,  one  in  whidi 
ray*  in  a  greater  degree  than  crowu  glass  is  the  green  was  above,  when 
not  conflried  to  a  few  mediums,  but  is  pas-  it  would  have  been  below 
■eased  by  a  great  variety  of  fiuida,and  by  eome  with  a  common  medium.  He 
of  tbese  in  a  most  extraordinary  degree.  therefore  placed  a  coucxva 
Having  observed  that  when  the  extreme  red  lens  of  muriaUc  arid  with 
and  violet  rays  were  perfectly  united,  the  '  a  metallic  solution  beCweeu 
green  were  left  out,  he  conceived  tbe  idea  of  the  two  lenses,  aa  in  Eg. 
making  an  achromatic  concave  lena  which  60.  where  A  B'mt^e  coo- 
should  refract  the  green  less  Ihan  the  united  cave  fluid  lena,  C  F  t 
red  and  violet,  and  an  achromatic  convex  lena  plano-convex  leuR.  with  ita 
which  should  do  the  same  ;  and  as  the  con-  plane  side  next  the  obiact. 
cave  lens  refracted  the  outstanding  green  lo  and    E    D    i 

Ihe  aiis,  while  tho  concave  one  refracled  tbem    „  "" 

from  Ihe  aiis,  il  followed  that,  by  a  combina-  ^                             .  .^  _ 

6on  of  theae  two  oppoaile  eflecia,  the  green  were  bent  from  Iheir  r 

would  be  united  with  the  red  and  violet.  the  aame  equality  andregularityasinrefloctioo. 


WUh  this  object-glus  ti 
"laya    of    dif^nt   colon 
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Teleflcopefl  constructed  with  such  object-  substance  which  possessed  eveiy  requisite  he 
glasses  were  examined  by  the  late  Dr.  Robi-  could  desire.  Its  index  is  nearly  the  same  as 
son  and  Professor  Playfair.  The  focal  dls-  that  of  the  best  flint  glass,  with  a  dispersive 
tance  of  the  object-glass  of  one  of  these  did  power  more  than  double.  It  is  perfectly  co- 
not  exceed  17  inches,  and  yet  it  bore  an  lourless,  beautifully  transparent,  and,  although 
aperture  of  3^  inches.  They  viewed  some  vexy  expansible,  possesses  the  same,  or  very 
single  and  double  stars  and  some  common  nearly  the  same,  optical  properties  under  all 
objects  with  this  telescope,  and  found  that,  in  circumstances  to  which  it  is  likely  to  be  ex- 
magnifying  power,  brightness,  and  distinct-  posed  in  astronomical  observations,  except, 
nees,  it  was  manifestly  superior  to  one  of  Mr.  perhaps,  direct  observations  on  the  solar  disk, 
DoUond's  of  42  inches  focal  length.  They  which  will  probably  be  found  inadmissible. 
had  most  distinct  vision  of  a  star,  when  using  Mr.  Barlow  first  constructed  an  object-glass 
an  erecting  eyepiece,  which  made  this  tele-  with  this  fluid  of  3  inches  aperture,  with 
scope  magnify  more  than  100  times,  and  they  which  he  could  see  the  small  star  in  Polaris 
found  the  field  of  vision  as  uniformly  distinct  with  a  power  of  46,  and  with  the  higher 
as  with  DoIIond*s  42  inch  telescope,  magnify-  powers  several  stars  which,  are  considered  to 
ing  46  times,  and  were  led  to  admire  the  nice  require  a  good  telescope,  for  example,  70,  p 
figuring  and  centring  of  the  very  deep  eye-  Ophinchi,  39  Booiis,  the  quadruple  star  « 
glasses  which  were  necessary  for  this  amplifi-  Lyne,  ^  Aquarii,  a  Herculis,  &c  He  next 
cation.  They  saw  double  stars  with  a  degree  constructed  a  6  inch  object-glass.  With  this 
of  perfection  which  astonished  them.  These  instrument,  the  small  star  in  Polaris  is  so  dis- 
tetescopes,  however,  have  never  yet  come  into  tinct  and  brilliant,  with  a  power  of  143,  that 
general  use ;  and  one  reas(Hi,  perhaps,  is,  that  its  transit  might  be  taken  with  the  utmost 
they  are  much  more  apt  to  hs  deranged  than  certainty.  As  the  mode  of  constracting  these 
telescopes  constructed  of  object-glasses  which  telescopes  is  somewhat  novel,  it  may  be  ex- 
are  solid.  If  any  species  of  glass,  or  other  pcdient  to  enter  somewhat  into  detail, 
solid  transparent  substance  could  be  found  In  the  usual  construction  of  achromatic 
with  the  same  optical  properties,  instruments  telescopes,  the  two  or  three  lenses  domposing 
might  perhaps  be  constructed  of  a  larger  size,  the  object-glass  are  brought  into  immediate 
and  considerably  superior  to  our  best  achro-  contact ;  and  in  the  fluid  telescope  of  Dr. 
matic  telescopes.*  It  is  said  that  Mr.  Blair,  Blair,  the  construction  was  the  same,  the  fluid 
the  son  of  Dr.  Blair,  some  years  ago  engaged  having  been  inclosed  in  the  object-glass  itself, 
in  prosecuting  bis  father's  views,  but  I  have  But  in  Mr.  Barlow's  telescope,  the  fluid  oor- 
not  heard  any  thing  respecting  the  result  of  h^  recting  lens  is  placed  at  a  distance  from  the 
investigations.  plate  lens  equal  to  half  its  focal  length ;  and 

Barla.',  Refracting  Teku^vMH  a  fuii  '1^'^T::'^.TZ,^'^^ 

concave  umt.  ^j^  achromatic    By  this  means,  the  fluid 

Professor  Barlow,  not  many  years  ago,  sug-  lens,  which  is  the  most  difiicult  part  of  the 

gested  a  new  fluid  telescope,  which  is  deserv-  construction,  is  reduced  to  one-halif,  or  to  less 

ing  of  attention,  and  about  the  year  1829  than  one-half  of  the  size  of  the  plate  lens ; 

constructed  one  of  pretty  large  (hmensions.  consequently,  to  construct  a  telescope  of  10 

The  fluid  he  employs  for  this  purpose  is  the  or  12  inches  aperture  involves  no  greater 

tuiphuret  of  carbon,  which  he  found  to  be  a  difficulty  in  the  manipulation  than  in  making 

Fig.  61. 


a  telescope  of  the  usual  description  of  6  or  6  focal  power  to  one  of  16  or  20  feet    By  this 

inches  aperture,  except  in  the  simple  plate  lens  means  the  tube  may  be  shortened  several  feet, 

itself;  and,  hence,  a  telescope  of  this  kind  of  and  yet  possess  a  focal  power  more  connder- 

10  or  12  feet  length  will  be  equivalent  in  its  able  than  could  be  conveniently  given  to  it  on 

the  usual  principle  of  construction.    This  will 

♦  For  a  more  narilcular  account  of  Dr.  Blair's  j^   ^^     understood   from  the    above  dia- 

Inatruments  and  experiments,  the  reader  is  re-  /a      "  7^^**^    ""*"   *^^    at/v^i?  «*«- 

ferred  to  hit  DiBsertaiion  on  this  subject  in  vol.  gi'UU  (lig.  01.} 

ii.  of  the  **  Transactions  of  the  Royal  Society  of  In  this  figure  A  B  C  D  represent  the  tube 

Edinburgh,"  which  <>cc"P;«;J»pPJJ";^i  }?^}'  of  the  6  inch  telescope,  C  JD  the  plate  object- 

«holson*s  **  Journal  of  Natural  Philosophy,"  &c.,  ,         a  ^^^     a    .  t^  *^        ^            j^u/i-i 

quarto  series,  vol.  i.  April-September,  1797.  gla»»  F  the  first  focus  of  rays,  rf  f  the  fiuid 
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ooncave  lent,  distant  from  the  fbrmer  24  long,  whidi  carries  the  cell  in  which  th«  Ihnfi 
hKhes;  the  focal  length  M  F  being  48,  and,  is  inclosed,  and  an  apparatus  by  which  it  may 
consequently,  as  48 :  6 :  :  24  :  3  inches,  the  be  moved  backward  and  forwaid,  so  that  the 
diameter  of  the  fluid  lens.  The  resulting  proper  adjustment  may  be  made  for  cotoor  in 
compound  focus  is  62.6  inches.  It  is  obvious,  the  first  instance,  and  afterward  the  focus  is 
therefore,  that  the  rays  (//,  ef,  arrive  at  the  obtained  by  the  usual  reck-wotk  motion.  The 
focus  under  the  same  convergency,  and  with  following  is  the  mode  by  which  the  fluid  was 
the  same  light  as  if  they  proceeded  from  a  inclosed.  After  the  best  position  has  been 
lens  of  flix'  inches  diameter,  placed  at  a  di»-  determined  practically  for  the  diecks  forming 
tance  beyond  the  object-glass  C  D  (as  ^  Hy)  the  fluid  lens,  these,  with  the  ring  between 
determined  by  producing  those  rays  till  they  them  ground  and  polished  accnrately  to  the 
meet  the  sides  of  the  tube  in  G  H,  namely,  at  same  curves,  are  applied  together,  and  taken 
62.6  inches  beyond  the  fluid  lens.  Hence,  it  into  an  artificial  high  temperature,  exceeding 
is  obvious,  the  rays  will  converge  as  they  the  greatest  at  which  the  telescope  is  ever  ex- 
would  do  fiom  an  object  glass,  G  H,  of  the  pected  to  be  used.  After  remaining  here  wi& 
usual  kind  with  a  focus  of  10  feet  6  inches,  the  fluid  some  time,  the  i^ce  between  the 
We  have  thus,  therefore,  shortened  the  tube  glasses  is  completely  filled,  immediately  dosed, 
38JS  inches,  or  have  at  least  the  advantage  of  cooled  down  by  evaporation,  and  removed  into 
a  focus  38.6  inches  longer  than  our  tube ;  and  a  lower  temperature.  By  this  means  a  sod- 
the  same  prindple  may  be  carried  much  fur-  den  condensation  takes  place,  an  external 
ther,  so  as  to  reduce  the  usual  length  of  re-  pressure  is  brought  on  the  checks,  and  a  buU 
fracting  telescopes  nearly  one  hali^  without  ble  formed  inside,  which  is,  of  course,  filled 
increasing  the  aberration  in  the  first  glass  be-  with  the  vapour  of  the  fluid ;  the  excess  of  the 
yond  the  least  that  can  possibly  belong  to  a  atmospheric  pressure  beyond  that  of  the  va^ 
telescope  of  the  usual  kind  of  the  whole  pour  being  afterward  always  acting  externally 
length.  It  should  likewise  be  observed,  that  to  prevent  contact  The  extreme  edges  are 
the  adjustment  for  focus  may  be  made  either  then  sealed  with  the  sennn  of  human  blood, 
in  the  usual  way  or  by  a  slight  movement  of  or  by  strong  fish-glue,  and  some  thin,  pliable 
the  fluid  lens,  as  in  the  Gregorian  Reflectors,  metal  surface.  By  this  process,  Mr.  Bariow 
by  means  of  the  small  speculum.  says,  **  I  have  every  reason  to  believe  the  lens 
Mr.  Barlow  afterward  constructed  another  becomes  as.  durable  as  any  lens  of  solid  glass, 
larger  telescope  on  the  same  principle,  the  At  all  events,  I  have  the  satisfaction  of  stating, 
dear  aperture  of  which  is  {  inches.  Its  tube  that  my  first  3  inch  telescope  has  now  been 
is  II  feet,  which,  together  with  the  eyepiece,  completed  more  than  fifteen  months,  and  that 
makes  the  whole  length  12  feet,  but  its  efleo-  no  change  whatever  has  taken  pkuse  in  its 
five  focus  is,  on  the  principle  stated,  18  feet  performance,  nor  the  least  perceptible  altera- 
It  carries  a  power  of  700  on  the  closest  double  tion  either  in  the  quantity  or  the  quality  of  the 
stars  in  South's  and  Herschers  catalogue,  and  fiuid." 

the  stars  are,  with  that  power,  round  and  de-       The  following  are  some  d  the  oibeervations 

fined,  although  the  field  is  not  then  so  bright  which  have  been  made  with  this  telescope,  and 

as  could  be  desired.    The  telescope  is  mount-  the  tests  to  which  it  has  been  subjected.   The 

ed  on  a  revolving  stand,  which  works  with  very  small  star  which  accompanies  the  pole 

considerable  accuracy  as  an  azimuth  and  alti-  star  is  generally  one  of  the  first  tests  applied 

tnde  instrument    To  give  steadiness  to  the  to  telescopes.    This  small  point  of  light  ap- 

stand,  it  has  been  made  substantial  and  heavy,  peared  brilliant  and  distinct ;  it  was  best  seen 

its  weight  by  estimation  being  400  pounds,  with  a  power  of  120,  but  was  visible  with  a 

and  that  of  the  telescope  130  pounds,  yet  its  power  of  700.    The  small  star  in  Aldebaian 

motions  are  so  smooth,  and  the  power  so  ar-  was  very  distinct  with  a  power  of  120.     The 

ranged,  that  it  may  be  managed  by  one  per-  small  star  a  Lyre  was  distinctly  risible  with 

son  with  the  greatest  ease,  the  star  being  fol-  the  same  power.   The  amall  star  called  by  Sir 

lowed  by  a  slight  touch,  scarcely  exceeding  J.  Herschel  Debilissima,  between  4  c  and  5 

that  of  the  keys  of  a  piano-forte.    The  focal  Lyrsj,  whose  existence,  he  says,  could  not  be 

length  of  the  plate  lens  is  78  inches,  and  of  suspected  in  either  the  5  or  7  fbet  eqnatoaal, 

the  fluid  lens  69.8  inches;  which,  at  the  dis-  and  invisible  also  with  the  7  and  10  feet  ie« 

tance  of  40  inches,  produce  a  focal  length  of  flectors  of  six  and  9  inches  aperture,  hot  seen 

104  inches,  a  total  length  of  12  feet,  and  an  double  vrith  the  20  feet  reflector,   is  seen 

equivalent  focus  of  18  feet   The  curves  of  the  very  satisfactorily  double  with  this  telescope^ 

parallel  meniscus  checks  for  containing  the  ,^  Persei,  maxked  as  double  in  South  and  Her- 

fluid  are  30  inches  and  144  inches,  the  latter  achers  catalogue,  at  the  distance  of  28^^  with 

towards  the  eye.    The  curves  for  the  plate  another  small  star  at  the  distance  of  y  67", 

lens  are  66.4  and  144.    There  is  an  interior  „  seen  distinctly  sixfold,  four  of  the  snmll 

loba  6  mches  diameter,  and  3  feet  6  inches  stars  being  within  a  considerably  leM  diateaca 
(818) 
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thiB  the  remote  one  of  17  msTked  in  the  cata-  mandedfor  the  otject-giafls  onlj,  if  one  could 

bgae.    And,  rejecting  the  remote  star,  the  be  produced  of  the  same  diameter  of  plate  and 

principal  and  the  four  other  stars  form  a  mini-  flint  glass;  and  this  is  a  consideration  which 

ature  lepresentation  of  Jupiter  and  his  satel-  should  have  some  weight,  and  encourage  a 

Ute%  three  of  them  being  nearly  in  a  line  on  perseverance  in  the  principle  of  construction.*'* 
one  side,  and  the  other  on    the  opposite. 

Caster  is  distinctly  double  with  120,  and  well  boosbs's  achbomatxc  tsubscope  ov  a  ksw 

opened,  and  stars  perfectly  round  with  360  vkak. 

and  700.    y  Leonis  and  a  Piscium  are  seen  ^hc  object  of  this  construction  is  to  render 

with  the  same  powers  equaUy  round  and  die-  ^  ^g^x\  disk  of  flint  gUss  available  to  perform 

tinct.    In  f  Bootis,  the  small  star  is  well  sepa.  the  oflice  of  compensation  to  a  much  larger 

rated  from  the  laiger,  and  its  blue  colour  well  one  of  crown  glass,  and  thus  to  render  poasi- 

marked  with  a  power  of  360.    ^  Coron©  ye  the  construction  of  telescopes  of  much 

Borealis  ie  seen  double  with  a  power  of  860  larger  aperture  than  are  now  common,  with- 

and  700.    52  Orionis,  {"  OrioniB,  and  othera  out  hindrance  from  the  difficulty  at  present 

of  the  same  class,  are  also  well  defined  with  the  experienced  in  procuring  large  disks  of  flint 

same  powers.    In  regard  to  the  planets  which  glass.    It  is  well  known  to  those  who  are  ao- 

happened  to  be  visible,  Venus  appeared  beau-  quainted  with  telescopes,  that  m  the  construc- 

tifnily  whitife  and  well  defined  vnth  a  power  tion  of  an  ordinary  achromatic  object-glass,  in 

of  120,  but  showed  some  colour  with  360.  which  a  smgle  crown  lens  is  compensated  by 

Saturn,  with  the  120  power,  is  a  veiy  brilliant  a  single  one  of  flint  the  two  lenses  admit  of  be- 

object,  the  double  ring  and  belts  being  well  ing  separated  only  by  an  interval  too  small  to 

and  satisfactorily  defined,  and  with  the  360  afibrd  any  material  advantage,  in  dimimth^ 

power  it  b  still  very  fine.    The  moon  also  is  ing  the  diameter  of  the  fUnt  leru,  by  placing 

remarkably  beautiful,  the  edges  and  the  shap  it  in  a  narrow  part  of  the  cone  of  rays,  the 

dows  being  well  marked,  while  the  quantity  actual  amount  of  their  difference  in  point  of 

of  light  is  such  as  to  bring  to  view  every  mi-  dispersive  power  being  such  as  to  render  the 

nute  distinction  <^  figure  and  shade.  correction  of  the  chromatic  aberration  impos- 

The  principal  objections  that  may  be  made  sible  when  their  mutual  distance  exceeds  a 

to  this  construction  of  a  telescope  are  such  as  certain  limit   This  inconvenience  Mr.  Rogers 

these :  Can  the  fluid  be  permanentiy  secured  1  proposes  to  obviate  by  employing,  as  a  cor- 

Will  it  preserve  its  transparency  and  other  recting  lens,  not  a  nngle  lens  of  flint,  but  a 

optical  properties  1     Will  it  not  act  upon  the  compound  one  consisting  of  a  convex  crown 

sui&oe  of  the  glass  and  partially  destroy  it?  and  concave  flint,  whose  foci  are  such  as  to 

dice    To  such  inquiries  Mr.  Barlow  replies,  cause  their  combination  to  act  as  a  plain  glass 

that  experience  is  the  only  test  we  have ;  our  on  the  mean  refrangible  rays.    Then  it  is  evi- 

spirit  levels,  spirit  thermometers,  dec,  show  dent  that  by  means  of  the  greater  dispersive 

that  some  fluids,  at  least,  may  be  preserved  for  power  of  flint  than  of  crown  glass,  this  will 

many  years  vrithout  experiencing  any  change,  act  as  a  concave  on  the  violet,  and  as  a  con- 

and  without  producing  any  in  the  appearance  yex  on  the  red  rays,  and  that  the  more  power- 

of  the  glass  tubes  containing  them.  But  should  fully,  according  as  the  lenses  separately  have 

any  of  these  happen,  except  the  last,  nothing  greater  powera  or  curvature.     If  then,  such 

can  be  more  simple  than  to  supply  the  means  a  compound  lens  be  interposed  between  the 

of  replacing  the  fluid  at  any  time,  and  by  any  object-glass  of  a  telescope-— supposed  to  be  a 

person,  witiiout  disturbing  the  adjustment  of  single  lens  of  plate  or  crown  glass— and  ita 

the  telescope.    He  expresses  his  hope  that,  focus,  it  vrill  cause  no  alteration  in  the  focus 

should  these  experiments  be  prosecuted,  an  for  mean  nys,  while  it  vrill  lengthen  the  focus 

achromatic  telescope  shall  ultimately  be  pro-  for  violet,  and  shorten  it  fi>r  red  rays.    Now 

duoed  which  shall  exceed  in  aperture  and  this  is  precisely  what  is  wanted  to  produce  an 

power  any  instruments  of  the  kind  hitherto  achromatic  union  of  all  the  rays  in  the  focus ; 

attempted.    If  the  prejudice  against  the  use  and  as  nothing  in  this  construction  limits  the 

of  fluids  could  be  removed,  he  feels  convinced  powers  df  the  individual  correcting  lenses, 

^at  weU-directed  pjactice  would  i»on  leadto  ^  ^  ^^^  ^^^^^^^  ^^^^^  ^^  ^^^  ^^^^^  ,^„. 

the  construction  of  the  most  penect  mstru-  nected  with  the  constr action  of  ihlitelrscope  will 

ments,  on  this  principle,  at  a  comparatively  be  found  in  a  paper  preiented  to  the  Royal  Soci- 

««»ikll«Tn»*iae.  «T  am  convinced '' he  nvs.  «y  *■»  18t7,  and  pablUhed  in  the  PhlloBophicai 
ainali  expense.       i  am  convmcea,    ne  says,    T^„g^ci,o„,  of  that  Society  for  IMS.  and  like- 

<<  judging  from  what  has  been  paid  for  large    ^ig^  another  paper,  pablisbed  in  the  Transactions 

object*glasses,  that    my  telescope,  telescope    for  1820.    From  these  documents,  chiefly,  the  pre- 

it«d.  »d  U>.  b«Ming  for  ol-erv«ion,  jjnth  «>«■•«  «S.%J:r  "TtS^^-  iSSS-i""  '^ 
every  Other  requisite  convenienoe,  have  been  Jan.— April,  1828,  and  Brewster'*  **  Edinburgh 
constructed  for  a  less  sum  than  would  be  de-   Journal  of  Science"  for  October,  1639. 
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they  may  therefore  be  applied  any  where  that  principle  <m  which  Mr.  Rogers  prppoaee  la 
convenience  may  dictate ;  and  thus,  theoreti-  construct  his  telescope  is  very  nearly  similar 
cally  speaking,  a  disk  of  flint  glass,  however  to  that  of  Professor  Barlow,  described  above, 
small,  may  be  made  to  correct  the  colour  of  with  this  difiGsrence,  that  the  correcting  lens 
one  of  crown,  however  large.  of  the  professor's  telescope  is  composed  of  a 
This  construction  likewise  possesMS  other  transparent  fiwd^  while  that  of  Mr.  Rogers  is 
and  veiy  remarkable  advantages :  for,  6rst,  a  9oUd  lens  consisting  of  a  convex  crown  and 
when  the  correcting  lens  is  approximately  concave  flint  The  general  object  intended 
constructed  on  a  calculation  founded  on  its  to  be  accomplished  by  both  is  the  same, 
intended  aperture,  and  on  the  refractive  and  namely,  to  make  a  correcting  lens  of  a  corn- 
dispersive  indices  of  its  materials,  the  final  paratively  small  diameter  serve  the  pnqMiae 
and  complete  dispersion  of  colour  may  be  of  a  iaige  disk  of  flint  glass,  which  has  hitherto 
ef&cted,  not  by  altering  the  lenses  by  grinding  been  very  expensive,  and  very  difficult  to  be 
them  anew,  but  by  sMfting  the  combination  procured ;  and  likewise  to  reduce  the  length 
nearer  to,  or  further  firom  Sie  object-glass,  as  of  the  telescope,  while  the  advantage  of  a  kiog 
occasion  may  require,  along  the  tube  of  a  focal  power  is  secured.  A  telesa»pe  on  thb 
telescope,  by  a  screw  motion,  till  the  condition  principle  was  constructed  seven  or  eight  yean 
of  achromaticity  is  satisfied  in  the  best  manner  ago  by  Mr.  Wilson,  lecturer  on  Philosophy 
possible ;  and,  secondly,  the  spherical  aberra-  and  Chemistry,  Glasgow,  before  he  was  aviraie 
tion  may  in  like  manner  be  finally  corrected,  that  Mr.  Rogers  had  proposed  a  similar  plan, 
by  slightly  separating  the  lenses  of  the  cor-  I  have  had  an  opportunity  of  particularly  in- 
recting  glass,  whose  surfaces  should  for  this  specting  Mr.  Wilson's  telescope,  and  trying 
purpose  be  figured  to  curvatures  previously  its  effects  on  terrestrial  objects  with  high 
determined  by  calculation  to  admit  of  thiis  powers,  and  was,  on  the  whole,  highly  pleased 
mode  of  correction — a  condition  which  Mr.  with  its  performance.  It  appeared  to  be 
Rogers  finds  to  be  always  possible.  The  fol-  almost  perfectly  achromatic,  and  produced  a 
lowing  is  the  rule  which  he  lays  down  for  the  distinct  and  toeli'defined  image  of  nunote 
determination  of  the  foci  of  the  lenses  of  the  distant  objects,  such  as  small  letters  on  lagii- 
correcting  glass:  "The  focal  length  of  either  posts,  at  two,  three,  and  four  miles  distant; 
lens  is  to  that  of  the  object-glass  in  a  ratio  but  I  had  no  opportunity  of  trying  ita  efiects 
compounded  of  the  ratio  of  the  square  of  the  on  double  stars  or  any  other  celestial  objects, 
aperture  of  the  correcting  lens  to  that  of  the  The  instrument  is  above  6  feet  long ;  the 
object-glass,  and  of  the  ratio  of  the  difference  object^lens  is  a  plano-convex  of  crown  glass, 
of  the  dispersive  indices  of  the  crown  and  flint  4  feet  focal  distance  and  4  inches  diameter, 
glass  to  the  dispersive  index  of  crown."  For  the  plain  side  next  the  object 
example,  to  correct  the  colour  of  a  lens  of  At  26  inches  distant  from  the  object-lens  is 
crown  or  plate  glass  of  9  inches  aperture  and  the  compound  lens  of  2  inches  in  diameter; 
14  feet  focal  length  (the  dimensions  of  the  and  the  two  lenses  of  which  it  is  composed 
telescope  of  Fraunhofer  at  Dorpat)  by  a  disk  are  both*  ground  to  a  radios  of  3  j  inches; 
of  flint  glass  3  inches  in  diameter,  the  focus  That  made  of  crown  glass  is  pkmo-eonvex, 
of  either  lens  of  the  correcting  lens  will  re-  the  other,  made  of  flint  glass,  is  pUno-concaw, 
quire  to  be  about  9  inches.  To  correct  it  by  and  are  placed  dose  together,  the  convex  side 
a  4  inch  disk  will  require  a  focus  of  about  16  being  next  the  object,  and  the  concave  side 
inches  each.  next  the  eye.    The  greater  refractive  power 

Mr.  Rogers  remarks,  thai  it  is  not  indis-  of  the  flint  glass  renders  the  compound  one 

pensable  to  make  the  correcting  glass  act  as  slightly  concave  in  its  efifect  (although  the 

a  plane  lens.    It  is  suflSdent  if  it  be  so  ad-  radius  of  curvature  is  sunilar  in  both,)  and 

justed  as  to  have  a  shorter  focus  for  red  rays  lengthens  the  focus  to  6  feet  from  the  dject- 

than  for  violet    If|  preserving  this  condition,  glass ;  and  this  is  consequently  the  leng&  of 

it  be  made  to  act  as  a  concaye  lens,  the  advan-  the  instrument    The  compound  corrector  so 

tage  procured  by  Mr.  Barlow's  construction  placed  intercepts  all  those  rays  which  go  to 

of  reducing  the  length  of  the  telescope  with  form  the  image  in  the  field  of  view,  producing 

the  same  focal  power  is  secured,  and  he  con-  there  an  adhromatic  image.    The  ooncav« 

aiders,  moreover,  that  by  a  proper  adaptation  power  of  the  corrector  renders  the  image 

of  the  distances,  foci,  &c.,  of  the  lenses,  we  larger  than  if  directly  produced  by  a  convex 

might  hope  to  combine  vritii  all  these  advan-  lens  of  the  same  focus.    The  concavity  of  the 

tages  that  of  the  destruction  of  the  secondary  corrector  is  valuable  also  in  this  respect,  that 

spectrum,  and  thus  obtain  a  perfect  telescope,  a  very  slight  alteration  in  its  distance  from  the 

The  above  is  an*  abstract  of  a  paper  ntd  object^lass  changes  the  focal  distance  modi 

to  the  **  Astronomical  Sodety  of  London"  in  more  £an  if  it  were  plain,  and  enables  as  to 

April,  1828,  by  A.  Rogers,  Esq.  adjust  the  instrument  to  perfect  adiromatisai 

The  reader  will  easily  perceive  that  the  with  great  precision. 
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CHAPTER  V. 
On  B^Ucting  Teletcopa, 

Sbctioit  L  was  obliged  to  give  up  the  pursuit,  so  that 

History  of  the  intention,  and  a  general  de-  II'Jf.^'T'?,!!^!^^  '^^  '  """^^^  *^ 

jg£o/  tHe  ^ruetion  ofLe  i^  ^^^  ^  "nSln^T^fti^gTS 

scopes  before  Newton  directed  his  attention 
Rbtlsctivo  telescopes  are  those  which  fully  to  the  subject  In  a  letter  addressed  to 
represent  the  images  of  distant  objects  by  re-  the  secretary  of  the  Royal  Society,  dated  in 
flection,  chiefly  from  concave  mirrors.  Februaxy,  1672, he  says,  "Finding  reflections 
Before  the  achromatic  telescope  was  in-  to  be  regular,  so  that  the  angle  of  reflection  of 
Tented  there  were  two  glaring  imperfections  all  sorts  of  rays  was  equal  to  the  angle  of  ind- 
in  refracting  telescopes,  which  the  astrono-  dence,  I  understood  that,  by  their  meditation, 
mors  of  the  seventeenth  century  were  anxious  optic  instruments  might  be  brought  to  any 
to  correct  The  first  was  its  very  great  length  degree  of  perfection  imaginable,  providing  a 
when  a  high  power  was  to  be  applied,  which  reflecting  substance  could  be  found  which 
rendered  it  very  unwiedly  and  difficult  to  use.  would  polish  as  finely  as  glass,  and  reflect  as 
The  second  imperfection  was  the  incorrect-  much  light  as  glass  transmits,  and  the  art  of 
ncsB  of  the  image  as  formed  by  a  single  lens,  communicating  to  it  a  parabolic  figure  be  also 
Mathematicians  had  demonstated  that  a  pencil  obtained.  Amid  these  thoughts  I  was  forced 
of  rays  could  not  be  collected  in  a  single  point  from  Cambridge  by  ihe  intervening  plague, 
by  a  spherical  lens,  and  also  that  the  image  and  it  was  more  than  two  year^  before  I  pro- 
transmitted  by  such  a  lens  would  be  in  some  ceeded  ftirtfaer." 

degree  incurvated.  After  several  attempts  had  It  was  towards  the  end  of  1668,  or  in  the 
been  made  to  correct  this  imperfection  by  beginning  of  the  following  year,  when  New- 
grinding  lenses  to  the  figure  of  one  of  the  co-  ton,  being  obliged  to  have  recourse  to  reflec- 
nic  sections.  Sir  I.  Newton  happened  to  com-  tors,  and  not  relying  on  any  artificer  for  making 
mence  an  examination  of  the  coloura  formed  the  specula,  set  about  the  work  himself  and 
by  a  prism ;  and  having,  by  the  means  of  this  early  in  the  year  1672  completed  two  small 
simple  instrument,  discovered  the  different  reflecting  telescopes.  In  these  he  ground  the 
refrangibility  of  the  rays  of  light — to  which  great  speculum  into  a  spherical  concave, 
we  have  several  times  adverted  in  the  pre-  although  he  approved  of  the  parabolic  form, 
ceding  descriptions— he  then  perceived  that  but  found  himself  unable  to  accomplish  it 
the  errors  of  telescopes,  arising  from  that  cause  These  telescopes  were  of  a  construction  some- 
alone,  were  some  hundred  times  greater  than  what  different  from  what  Gregory  had  sug^ 
such  as  were  occasioned  by  the  spherical  gested,  and  though  only  6  inches  long,  were 
figure  of  lenses,  which  induced  this  illustrious  considered  as  equal  to  a  6  feet  common  re- 
philosopher  to  turn  his  attention  to  the  im-  firacting  telescope.  It  is  not  a  little  singular, 
provement  of  telescopes  by  reflection.  however,  that  we  hear  no  more  about  the  con- 
It  is  generally  supposed  that  Mr.  James  struction  of  reflectors  till  more  than  half  a 
Gregory,— a  son  of  the  Rev.  John  Gregory  century  afterward.  It  was  not  tiU  the  year 
minister  of  Drumoak,  in  the  county  of  Aber-  1723  that  any  reflectors  were  known  to  have 
decn — was  the  first  who  suggested  the  con-  been  made,  adapted  to  celestial  observations, 
struction  of  a  reflecting  telescope.  He  was  a  In  that  year,  Mr.  Hadley,  the  inventor  of  the 
young  man  of  uncommon  genius,  and  an  emi-  reflecting  quadrant  which  goes  by  his  name, 
nent  mathematician;  and  m  the  year  1668, at  publish^,  in  No.  376  of  the  Philosophical 
the  age  of  only  24,  he  published  in  London  Transactions,  an  account  of  a  large  reflector 
his  treatise  entitled  *' Optica  Promote,"  in  on  Newton's  plan,  which  he  had  just  then 
which  he  explained  the  theory  of  that  species  constructed,  the  performance  of  which  left  no 
of  reflecting  telescope  which  still  bears  his  room  to  doubt  that  this  invention  would  re- 
name, and  which  he  stated  as  being  his  own  main  any  longer  in  obscurity.  The  large 
invention.  But  as  Gregory,  according  to  his  speculum  of  this  instrument  was  62|  inches 
own  account,  was  endowed  with  no  mechani-  focal  distance  and  5  inches  diameter,  was  fiir- 
cal  dexterity,  and  could  find  no  workman  nished  with  magnifying  powers  of  from  190 
capable  of  realizing  his  invention,  after  some  to  230  times,  and  equalled  in  performance  the 
fruitless  attempts  to  form  proper  specula,  he  famous  aerial  telescope  of  Huygens  of  123 
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feet  in  lengtii.*  Since  thia  period  the  reflect-  speculum,  B  E,  with  a  hole,  C  Z),  in  Hs  oec 
ing  telescope  has  been  in  general  use  among  tie,  the  focus  of  which  is  ate.  A  tittle  beyond 
astronomers  in  most  <  ountries  of  Europe,  and  this  focus,  towards  the  object  end  of  the  tele- 
has  received  numerous  improvements,  under  scope,  A  F,  is  placed  another  small  concave 
the  direction  of  Short,  Mudge,  Edwards,  and  mirror,  G,  having  its  polished  face  turned 
Herschel,  the  last  of  whom  constructed  re-  towards  the  great  speculum,  and  is  supported 
flectors  of  7,  10,  20,  and  even  40  feet  in  focal  by  an  arm,  G  H,  fiurtened  to  a  slider  con- 
length,  which  far  surpassed,  in  brightness  nected  with  the  tube.  At  the  end  of  the  great 
and  magnifying  power,  all  the  instruments  tube,  B  E^Ib  screwed  in  a  small  tube,  C  D  K 
of  this  description  which  had  previously  been  7,  containing  a  small  plaDOHx>nvex  lens,  /  K. 
attempted.  Such  are  the  essential  parts  of  this  instrument 

I  shall  now  proceed  to  give  a  brief  sketch  and  their  relative  positions.    It  will  be  recol- 

of  the  nature  of  a  reflecting  telescope,  and  the  lected  in  our  description  of  the  properties  of 

diflierent  forms  in  which  they  have  been  pro-  concave  mirrors  (see  p.  28,)  that,  when  rays 

posed  to  be  constructed.  proceed  from  a  dutant  object,  and  fall  upon  a 

Fig.  62  represents  the  reflecting  telescope  concave  speculum,  they  paint  an  image  or  re- 

as  originally  proposed  by  Gregory.   A  B  E  F  presentation  of  the  object  in  its  focus  before 

represents  a  tnbie  open  ai  A  F  towards  the  the  speculum.    Now  suppose 'two   parallel 

object ;  at  the  other  end  is  placed  a  concave  rays,  a  6,  falling  on  the  speculum  B  E,  in 

Fig.  62,  Fig.  66.        Jrf/theyarereflectedtoits 

^  ^  focus  e,  where  an  inverted 

image  of  the  object  is  form- 
ed at  a  little  more  than  the 
focal  distance  of  the  small 
speculum  from  its  surface, 
and  serves,  as  it  wore,  for 
an  object  on  which  the 
small  mirror  may  act.  By 
the  action  of  this  mirror 
this  first  hnage  is  reflected 
to  a  point  about  f,  where  a 
second  image  is  formed 
▼eiy  large  and  erect  This 
image  is  magnified  in  the 
proportion  of  fG  to  e  G, 
the  rays  from  which  are 
transmitted  to  the  eyeglass 
JKf  through  which  the  eye 
perceives  the  object  dm 
and  distinct,  after  the  prc^ 
per  adjustments  have  been 
made. 

Suppose  the  focal  distance  of  the  great  speoulum,  a  second  image  is  formed  about  f, 
mirror  was  9  inches,  and  the  focal  distance  as  much  exceeding  the  first  in  its  dimensions 
of  the  small  mirror  1^  inch — ^were  we  to  re-  as  it  exceeds  it  in  distance  from  the  small 
move  the  eyepiece  of  this  telescope,  and  look  speculum,  on  the  principle  on  which  the 
through  thu  hole  of  the  great  mirror,  we  should  object-glass  of  a  compound  microscope  forms 
see  the  image  of  the  object  depicted  upon  the  a  large  image  near  the  eyeglass.  Suppose 
fiice  of  the  vmall  speculum,  and  magnified  in  this  distance  to  be  9  times  greater,  then  the 
the  proportion  of  9  to  1^,  or  6  times,  on  the  whole  magnifying  power  will  be  compoondeJ 
same  principle  as  a  common  convex  object-  of  6  multiplied  by  9,  or  54  times.  As  a  tele- 
glass  9  inches  focal  length,  with  an  eyeglass  scope  it  magnifies  6  times,  and  in  the  micro- 
whose  focus  is  1^  inch,  magnifies  6  times,  scope  part  9  times.  Such  is  the  ^nerai  idea 
This  may  be  regarded  as  the  first  part  of  the  of  the  Gregorian  telescope,  the  minute  parti- 
magnifying  power.  Jf,  now,  we  suppose  the  culars  and  structure  of  which  can  <Hily  bo 
small  speculum  placed  a  little  more  than  1 J  clearly  perceived  by  a  direct  inspection  of  the 
inch  from  the  image  formed  by  the  great   instrument 

TTie  Newtonian  ReJUetor, — ^This   instm- 

*  A  particular  description  of  this  telescope,  with    ment  is  somewhat  diflerent  both  in  its  form 

the  macliinery  for  moving  it,  illariraied  with  an    and  in  its  mode  of  operation  from  that  of 

•ngravInK,    may  be    seen    in    Reid    and  Gray's    /^         »*.•  *j'i5.»ov 

"Atridgroentofthe  Philosophical  Transactions/'    'jregory.     It  is  represented  m  fig.  63,  wber« 

▼o»  "^L^""  ^  fo'  "«.  P- 147-138.  ^  ^  ^  F  is  the  tube,  and  B  £  the  object  coo 
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earn  minor,  which  reflects  the  parallel  rays  a  a  tendencsy  to  correct  each  other,  wbeieas  in  the 

(  to  a  pltme  specolom  G,  placed  45°,  or  half  Gregorian,  both  the  metals  being  concave,  any 

a  right  angle  to  the  axb  of  the  concave  specu*  error  in  the  specula  will  be  doubled.    It  is  hi* 

lum.  Ttiis  small  plane  reflector  must  be  of  an  opinion  that  the  aberrations  in  the  Casse- 

oval  form ;  the  length  of  the  oval  should  be  to  grainian  construction  to  that  of  the  Gregorian 

the  breadth  as  7  to  6,*on  account  of  the  obli-  is  as  3  to  5.    The  length  of  this  telescope  is 

quity  of  its  position.    It  is  supported  on  an  shorter  than  that  of  a  Gregorian  of  equal  focal 

arm  fixed  to  the  side  of  the  tube ;  an  eyeglass  length  by  twice  the  focal  length  of  the  small 

is  placed  in  a  small  tube,  movable  in  the  mirror,  and  it  shows  every  thing  in  an  inverted 

larger  tube,  so  as  to  be  perpendicukr  to  the  positbn,  and,  conse<^entIy,  is  not  adapted  for 

axis  of  the  large  reflector,  the  perpendicular  viewing  terrestrial  objects. 

line  passing  through  the  centre  of  the  small  Dr.  Hook's  Reflector* — Before  the  reflecting 

mirror.   The  small  mirror  is  situated  between  telescope  was  much  known,  Dr.  Hook  con- 

the  large  mirror  and  its  focus,  that  its  distance  trived  one,  the  form  of  which  is  represented 

from  this  focal  point  may  be  equal  to  the  dis-  fig.  65,  which  differs  in  little  or  nothing  from 

tance  from  the  centre  of  the  mirror  to  the  the  Gregorian,  except  that  the  eyeglass,  /,  is 

focns  of  the  eyeglass.     When  the  rays  a  h  placed  in  the  hole  of  the  great  speculun,  B  E. 

fit>m  a  distant  object   fall   upon  the  large  Martinis  Reflector, — Mr.  Benjamin  Martin, 

speculum  at  c  dj  they  are  reflected  towards  a  distinguished  writer  on  optical  and  philo- 

a  focus  at  h;  but,  being  intercepted  by  the  sophical  science,  about  a  century  ago  described 

plane  mirror  G,  they  are  reflected  perpen-  a  new  form  of  the  reflecting  telescope,  approxi- 

dicularly  to  the  eyeglass  at  /,  in  the  side  of  mating  to  the  Newtonian  structure,  which  he 

the  tube,  and  the  image  formed  near  that  contrived  for  his  own  use.    It  is  represented 

position  at «  is  viewed  through  a  small  piano-  in  fig.  66.     A  B  E  F  \e  \he  tube,  in  which 

convex  lens.    The  magn^ifying  power  of  this  there  is  an  opening  or  aperture,  O  P,  in  the 

telescope  is  in  the  prqpoition  of  the  focal  dis>  upper  part.    Against  this  hole,  within    the 

tance  of  the  speculum  to  that  of  the  eyeglass,  tube,  is  placed  a  large  plane  speculum,  G  S, 

Thus,  if  the  focal  distance  of  the  speculum  be  at  half  a  right  angle  with  the  axis  or  sides  of 

86  inches,  and  that  of  the  eyeglass  one>third  the  tubes,  with  a  hole,  C  />,  perforated  through 

of  an  inch,  the  magnifying  power  will  be  108  its  middle.    The  parallel  rays  a  by  falling  an 

times.    It  was  this  form  of  the  reflecting  tele-  the  inclined  plane  G  if,  are  reflected  perpen- 

scope  that  Newton  invented,  which  Sir  W.  diculariy  and  parallel  on  the  great  speculum 

Herschel  adopted,  and  with  which  he  made  ^  K  in  the  bottom  of  the  tube.    From  thence 

most  of  his  observations  and  discoveries.  they  are  reflected,  converging  to  a  focus,  e, 

Tfte  Casaegraiman  Reflector* — This  mode  through  the  hole  of  the  plane  mirror  C  D, 

of  the  reflecting  telescope,  suggested  by  M.  which  being  also  the  foeus  of  the  eyeglass 

Cassegrain,  a  Frenchman,  is  represented  in  J  iT,  the  eye  wiU  perceive  the  object  magnified 

fig.  64.    It  is  constructed  in  the  same  way  as  and  distinct 

the  Gregorian,  with  the  exception  of  a  small  In  the  figures  referred  to  in  the  above  de- 
eonvex  speculum,  G,  being  substituted  in  the  scriptions,  only  one  eyeglass  is  represented,  to 
room  of  the  small  concave  in  Gregory's  con-  avoid  complexity ;  but  in  most  reflecting  tele- 
fltmction.  As  the  focus  of  a  convex  mirror  is  scopes,  the  eyepiece  consists  of  a  combination 
negative,  it  is  placed  at  a  distance  from  the  of  two  plano-convex  glasses,  as  in  fig.  67, 
large  specnlum  equal  to  the  difference  of  their  which  produces  a  more  correct  and  a  larger  field 
fod ;  that  is,  if  the  focal  length  of  the  large  of  view  than  a  single  lens.  This  combination 
speculum  be  18  inches,  and  that  of  the  small  is  generally  known  by  the  name  of  the  HuU' 
convex  2  inches,  they  are  placed  at  16  inches  genian  Eyepiece^  which  shall  be  described  m 
distant  from  each  other,  on  a  principle  similar  the  section  on  the  eyepieeea  of  telescopes, 
to  that  of  the  Galilean  telescope,  in  which  the  The  following  rule  has  been  given  for  find- 
concave  eyeglass  is  placed  within  the  focus  of  ing  the  magnifying  power  of  the  Gregorian 
the  object-glass  by  a  space  equal  to  the  focal  telescope :  Multiply  the  focal  distance  of  the 
length  of  the  eyeglass.  In  this  telescope,  like-  great  mirror  by  the  distance  of  the  small 
wise,  instead  of  two  there  is  only  one  image  mirror  from  the  image  next  the  eye,  and  mul- 
ibrmed,  namely,  that  in  the  focus  pjg,  97. 
of  the  eyeglass ;  and,  on  this  ao-  ^ 
count,  some  are  of  opinion  that  the  rp  \W%>^^ 
distinctness  is  considerably  greater  ^  J  ■*^~^^-~.l^::j3,^  7 
th^n  in  the  Gregorian.  Mr.  Rams-  jJKEi»< >y..i Ayti'Sm ■it«miwtw«Mittm;Hin3?!!!JjL.^j:^^ 
den  was  of  o{nnion  that  this  con-  ^jP§  i  F*                      ^^1'^^""  J^-^  '^'  J 

■tructioi;!  is  preferable  to  either  of  '^S    't  1  |Y.^— •:::r.Srf^ i^j„...-_j-  -- 

the  former  reflectors,  becanse  the  d,     ml  ll^-^ -—'—-" — .J-^-Jm  B 


aberrations  of  the  two  metals  have 


/J«3) 


n 


106 


THE  PRACTICAL  A8TR0N0MEK. 


tiply  the  focal  distance  of  the  email  mirror  by 
the  focal  distance  of  the  eyeglam ;  then  divicte 
the  product  of  the  former  mcdtiplication  by  the 
pvxxluct  of  the  latter,  and  the  quotient  will  ex- 
press the  magnifying^  power.  The  following 
are  the  dimensions  of  one  of  the  reflecting 
telescopes  constructed  by  Mr.  Short,  who  was 
tong  distinguished  as  the  most  eminent  maker 
of  such  instruments  on  a  large  scale,  and 
whose  large  reflectors  are  still  to  be  found  in 
Tarious  observatories  throughout  Europe : 

The  focal  distance  of  the  great  mirror,  9.6 
inches ;  or  P  tn,  fig.  67,  its  breadth,  F  /),  2.3 ; 
the  focal  distance  of  the  small  mirror,  L  n,  1.5, 


or  IJ  inch ;  its  breadth,  ^  A,  0^  oi  a-lOOs  d 
an  inch ;  the  breadth  in  the  hole  in  the  gresft 
mirror,  U  K,  0.5,  or  half  an  inch ;  the  distance 
between  the  small  mirror  and  the  next  eye- 
glass, L  R,  14.2;  the  distance  betweeo  the 
two  eyeglasses,  <$  R,  2.4 ;  the  local  distance 
of  the  eyeglase  next  the  metal,  ZJS ;  and  the 
focal  distance  of  the  eyeglass  next  the  eye,  So, 
1.1,  or  ll-IOth  of  an  inch.  The  magnifying 
power  of  this  telescope  was  about  60  times. 
Taking  this  telescope  as  a  standard,  the  fol- 
lowing table  of  the  dimensions  and  magnifying 
powers  of  Gregorian  reflecting  telescopes,  as 
constructed  by  Mr.  Short,  has  been  computed: 
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Mr.  Short — who  was  bom  in  Edinburgh  in 
1710,  and  died  near  London,  1768-^was  con- 
ndered  as  the  most  accurate  constructor  of 
reflecting  telescopes  during  the  period  which 
intervened  from  1732  to  1768.  In  1743  he 
constructed  a  reflector  for  Lord  Thomas 
Spencer,  of  12  feet  focal  length,  for  which  he 
leoeived  600  guineas.  He  inade  several  other 
telescopes  of  the  same  focal  distance,  with 
greater  improvements  and  higher  magnifiers; 
and,  in  1752,  finished  one  for  the  King  of 
Spain,  for  which,  with  its  whole  apparatus,  he 
received  JC1200.  This  was  considered  the 
noblest  instrument  of  its  kind  that  had  then 
been  constructed,  and  peiliaps  it  was  never 


SI7  «Bssed  till  Henichel  constructed  his  twenty 
aud  forty  feet  reflectors.  High  as  the  prices 
of  large  telescopes  now  are,  Mr»  Short  charged 
for  his  instruments  at  a  much  higher  rate  than 
opticians  now  do,  although  the  price  of  labour, 
and  every  other  article  required  in  the  con- 
struction of  a  telescope  is  now  much  dearer. 
But  he  had  then  scarcely  any  competitor,  and 
he  spared  neither  trouble  nor  expense  to  make 
his  telescopes  perfect,  and  put  such  a  price 
upon  them  as  properly  repaid  him.  The 
following  table  contains  a  statement  of  the 
apertures,  powers,  and  prices  of  Gregorian 
telescopes,  as  constructed  by  Mr.  Ji 
Short:* 
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From  this  table  it  appears  that  Mr.  Short 
charged  75  guineas  for  a  3  feet  reflector, 
whereas  such  an  instrument  is  now  marked  in 
the  London  opticians'  catalogues  at  £23  when 
mounted  on  a  conunon  brass  stand,  and  J£39 
18s.  when  accompanied  with  rack-work  mo- 
tions and  other  apparatus.  It  is  now  generally 
understood  that  in  the  above  table  Short 
always  greatly  overrated  the  higher  powers  of 
ai24) 


his  telescopes.    By  experiment,  they  ireiv 


*  Miss  Short,  who  has  erected  and  who  so|Mr- 
Intends  an  observatory  on  the  Caiton  Hill,  Edia- 
burgb.  is  the  descendant  of  a  brother  of  Mr.  Bbott. 
She  is  in  possession  of  a  larjre  Greforian  reflector, 
about  19  feet  Ions,  made  bv  Mr.  Short,  and  noaac- 
ed  on  an  equatorial  axis.  It  was  oricinaUy  placed 
in  a  small  observatory  erected  on  the  Caiton  lUn 
about  the  year  1776,  but  Ibr  many  rean  past  Jl 
has  been  litUe  used. 
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generally  found  to  XDagnify  much  ksa  than 
here  expresfled. 

General  Remarks  on  Gregorian  RtfUc* 
tors. — 1.  In  regard  to  the  hole,  U  F,  of  the 
great  specalam,  its  diameter  should  be  equal, 
or  nearly  so,  to  that  of  the  small  speculum,  L, 
fig.  67 ;  for  if  it  be  less,  no  more  parallel  rays 
will  be  reflected  than  iJf  it  were  equal  tog  k, 
and  it  may  do  harm  in  contracdng  the  visible 
area  withm  too  narrow  Hmits ;  nor  must  it  be 
larger  than  the  mirror  L,  because  some  paral- 
lel rays  will  then  be  lost,  and  those  of  most 
consequence,  as  being  nearest  the  centre. 
2.  The  small  hole  at  e,  to  which  the  eye  is 
applied,  must  be  nicely  adjusted  to  the  size  of 
the  cone  of  rays  proceeding  firom  the  nearest 
lens,  S.  If  it  be  larger,  it  will  permit  the 
foreign  light  of  the  sky  or  other  objects  to 
enter  the  eye,  so  as  to  prevent  distinct  vision ; 
lor  the  eye  should  receive  no  light  but  what 
oomes  from  the  surface  of  the  small  mirror,  L. 
If  the  hole  be  smaller  than  the  cylinder  of  rays 
at  e,  then  some  of  the  necessary  light  will  be 
excluded,  and  the  object  rendered  more  ob- 
scure. The  diameter  of  this  hole  may  be 
found  by  dividing  the  aperture  of  the  telescope 
in  iifches  by  its  magnifying  power.  Thus,  if 
we  divide  the  diameter  of  one  of  Short's  tele- 
scopes, the  diameter  of  whose  large  speculum 
is  2.30,  by  60,  the  magnifying  power,  the 
quotient  will  be  .0383,  which  is  nearly  the 
^th  of  an  inch.  Sometimes  this  hole  is 
made  so  small  as  the  j>jth  of  an  inch.  When 
this  hole  is,  by  any  derangement,  shifted  from 
its  proper  position,  it  sometimes  requires  great 
nicety  to  adjust  it,  and,  before  it  is  accurately 
adjusted,  the  telescope  is  unfit  for  accurate 
olMcrvation.  3.  It  is  usual  to  fix  a  plate  with 
a  hole  in  it  at  a  b,  the  focus  of  the  eyeglass  iS*, 
of  such  a  diameter  as  will  circumscribe  the 
image,  so  as  to  exhibit  only  that  part  of  it 
which  appears  distinct,  and  to  exclude  the 


superfluous  rays.  4.  There  is  an  adjusting 
screw  on  the  outside  of  the  great  tube,  con- 
nected with  the  small  speculum,  by  which 
that  speculum  may  be  pushed  backward  or  for- 
ward to  adjust  the  instrument  to  distinct  vision. 
The  hand  is  applied  for  this  purpose  at  T, 

Newtonian  Telescopes, — ^Theee  telescopes 
are  now  more  frequently  used  for  celestial  ob- 
servations than  during  the  last  century,  when 
Gregorian  reflectors  were  generally  preferred. 
Sir  W.  Herschel  was  chiefly  instrumental  in 
introducing  this  form  of  the  reflecting  tele- 
scope to  the  more  particular  attention  of  astro- 
nomers, by  the  splendour  and  extent  of  the 
discoveries  which  it  enabled  him  to  make.  In 
thia  telescope  there  is  no  hole  required  in  the 
middle  of  the  gpreat  speculum,  as  In  the  Gre- 
gorian construction,  which  circumstance  se- 
cures the  use  of  all  the  rays  which  flow  from 
the  central  parts  of  the  mirror. 

The  following  table  contains  a  statement 
of  the  apertures  and  magnifying  powers  of 
Newtonian  telescopes,  and  the  focal  distances 
of  their  eyeglasses.  The  first  column  contains 
the  focal  length  of  the  great  speculum  in  fiset ; 
Uie  second,  its  linear  aperture  in  inches ;  the 
third,  the  focal  distance  of  the  single  glass  in 
decimals,  or  in  lOOOths  of  an  inch,  and  the 
fourth  column  contains  the  magnifying  power. 
This  portion  of  the  table  was  constructed  by 
using  the  dimensions  of  Mr.  Hadley's  New- 
tonian telescope,  formerly  referred  to,  as  a 
standard,  the  focal  distance  of  the  great  mirror 
being  62^  inches,  its  medium  aperture  5  inches, 
and  power  208.  The  fifth,  dxth,  and  seventh 
columns  contain  the  apertures  of  the  concave 
speculum,  the  focal  lengths  of  the  eyeglasses, 
and  the  magnifying  powers,  as  calculated  by 
Sir  D.  Brewster,  from  a  telescope  of  Mr. 
Hauksbee,  taken  as  a  standard,  whose  focal 
length  was  3  feet  3  inches,  its  aperture  about 
4  inches,  and  magnifying  power  226  times. 
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One  great  advantafe  of  reflectiDg  teleaoopea 
above  common  refractors  is,  that  they  will 
admit  of  eyeglaaaee  of  a  much  shorter  focal 
distance,  and,  consequently,  will  magnify  so 
much  the  more,  for  the  rays  are  not  coloured 
by  reflection  from  a  concave  mirror,  if  it  be 
ground  to  a  true  figure,  as  they  are  by  passing 
through  a  convex  glaas,  though  figured  and 
polished  with  the  utmost  exactness.  It  will 
be  perceived  from  the  above  table  that  the 
focal  length  of  the  eyeglasses  is  very  small, 
the  lowest  there  stated  being  only  about  i^j^  th 
of  an  inch,  and  the  highest  little  more  than 
^th  of  an  inch  focal  distance.  Sir  W.  Her- 
schei  obtained  the  high  powers  which  he 
sometimes  put  upon  his  telescopes  by  using 
small  double  convex  lenses  for  eyeglasses, 
some  of  which  did  not  exceed  the  one  fiftieth 
of  an  inch  in  focal  length.  When  the  focal 
length  of  the  concave  speculum  and  that  of 
the  eyeglass  are  given,  the  magnifying  power 
is  found  by  dividing  the  former  by  the  latter, 
after  having  reduced  the  focal  length  of  the 
concave  speculum  to  inches.  Thus  the  6 
feet  speculum,  multiplied  by  12,  produces  72 
inches,  which,  divided  by  Brewster's  number 
for  the  ibcus  of  the  eyeglass  —  200,  or  |th  of 
an  inch,  produces  a  quotient  of  360  as  the 
magnifying  power.  It  has  been  calculated 
that,  if  the  metals  of  a  Newtonian  telescope  be 
worked  as  exquisitely  as  those  in  Sir  W.  Her- 
schera  7  feet  reflector,  Uie  highest  power  that 
tuch  a  telescope  should  bear  with  perfect  dis- 
tinctness will  be  found  by  multiplying  the 
diameter  of  the  great  speculum  in  inches  by 
74,  and  the  focal  distance  of  the  single  eye- 
glass may  be  found  by  dividing  the  focal  dis- 
tance of  the  great  mirror  by  the  magnifying 
power.  Thus  6.25 — the  aperture  in  inches 
of  HerschePs  7  feet  Newtonian — multiplied 
by  74,  is  462^,  the  magnifying  power;  and  7 
multiplied  by  12,  and  divided  by  462,  is  50.182 
of  an  inch,  the  focal  distance  of  the  single  eye- 
glass required.  But  it  is  seldom  that  more 
than  one-half  of  this  power  can  be  applied 
with  eflcct  to  any  of  the  planetary  boidies. 
For  general  purposes,  the  power  produced  by 
multiplying  the  diameter  of  the  speculum  by 
30  or  40  will  be  found  most  satisfactory. 

The  following  are  the  general  prices  of 
Teflecting  telescopes  as  made  by  the  London 
opticians. 

£.  s. 
A  four  feet,  seven  inch  aperture, 
Gregorian  reflector,  with  the  verti- 
cal motions  upon  a  new  invented 
tninciple,  as  well  as  apparatus  to 
fender  the  tube  more  steady  in  ob- 
servation, according  to  the  additional 
apparatus  of  small  speculums,  eye- 
pieces, micrometers,  ^t/c^fiom  80  to  120  0 
(826) 


£.  I. 
Three  feet   long,  mounted  on  a 

plain  brass  stand                                .  2S    2 

Ditto,  with    rack-work    motions^ 

improved  mounting,  and  metals        .  39  18 

Two  feet  long,  without  rack-work, 
and  with  4  magnifying  powers,  im- 
proved      15  15 

Ditto,  with  rack-work  motion        .  22    1 

Eighteen  inch,  on  a  plain  stand    .  9    9 
Twelve  inch,  ditto       •        .        .66 

The  above  are  the  prices  stated  in  MesB& 
W.  and  8.  Jones's  catalogue. 

The  following  list  of  |xices  of  the  varioiis 
kinds  of  reflecting  telescopes  is  from  Mcav^ 
Tulley's  (of  Islington)  catalogue. 

£,     8 

1  foot  Gregorian  reflector,  on  pil* 
lar  and  claw  stand,  metal  2  j  inches 
diameter,  packed  in  a  mahogany  box      6    6 

1^  foot  ditto,  on  pillar  and  claw 
stand,  metal  3  inches  diameter, 
packed  in  a  mahogany  box      .        .     11  11 

2  feet  ditto,  metal  4  inches  diame- 
ter   16  16 

Ditto,  ditto,  with  rack-woik  mo-  • 

tions 26    4 

3  feet  ditto,  metal  5  inches  diam- 
eter, with  rack-work  motions    .        .  42    • 

Ditto,  metal  6  inches  diameter,  on 
a  tripod  stand,  with  centre  of  gravity 
motion 68    6 

4  feet  ditto,  metal  7  inches  diam- 
eter, as  above  ....  105    0 

6  feet  ditto,  metal  9  inches  diam- 
eter, on  an  improved  iron  stand        .210    0 

7  feet  Newtonian  reflectors,  6 
inches  aperture,  mounted  on  a  new 

and  improved  stand         .        .        .  105    0 

Ditto,  ditto,  metal  7  inches  diam- 
eter                .  126    0 

9  feet  ditto,  metal  9  inches  diam- 
eter         210    0 

10  feet  ditto,  metal  10  inches  dia- 
meter     315    0 

12  feet  ditto,  metal  12  inches  dia- 
meter     525    0 

Comparative  Brightneu  of  Athnmatk 
and  Reflecting  T^le»eopes4 — ^The  late  aitro* 
nomer  royal,  Ut,  Maskeljrne,  from  a  comps- 
risen  of  a  variety  of  telescopes,  was  led  to  the 
following  conclusion :  "  that  the  aperture  of  a 
common  reflecting  telescope,  in  order  to  Axm 
objects  as  bright  as  the  achromatic,  must  be 
to  that  of  an  achromatic  telescope  as  8  to  5;" 
in  other  words,  an  achromatic  whose  object* 
glass  is  5  inches  in  diameter,  will  show  ob* 
jects  with  as  great  a  degree  of  brightness  ss 
a  reflector  whose  large  speculum  is  8  iodiss 
in  diameter.    This  result,  if  correct,  must  be 
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owing  to  the  small  number  of  rays  reflected  rollers^  and  of  ever/  drcumsftance  relating  to 

from  a  speculum  compared  with  the  number  joiner's  work,  carpenter's  work,  smith's  woik, 

transmitted  through  an  achrcMnatic  object-glass,  and  other  particulars  connected  witli  the  for- 
mation and  erection  of  this  telescope,  will  find 

-^—  the  details  recorded  in  the  85th  volume  of  the 

Philosophical  Transactions  of  the  Rojal  So- 

SscTioir  n*  ciety  of  London  for  1795,  in  which  there  are 

sixty-three  pages  of  letter-press,  and  eighteen 
The  Herschelian  Tdeacope*  plates  illustrative  of  the  subject  I  shall  con- 
tent myself  with  giving  a  short  outline  of  the 
Soon  afler  Sir  William  Herschel  com-  essential  parts  belonging  to  this  instrument 
menced  hiB  astronomical  career,  he  intro-  The  tube  of  this  telescope  is  made  of  rolled 
duced  a  new  era  in  the  history  of  reflecting  or  sheet  iron,  joined  together  without  rivets ; 
telescopes.  After  he  had  cast  and  polished  the  thickness  of  the  sheets  is  somewhat  less 
an  immense  variety  of  specula  for  telescopes  than  ^^th  part  of  an  inch,  or  14  pounds 
of  different  sizes,  he  at  length,  in  the  year  weight  for  a  square  foot  Great  care  was 
1782,  finished  a  20  feet  reflector  with  a  large  taken  that  the  cylindrical  form  should  be  se- 
aperture.  Being  sensible  of  the  vast  quantity  cured^  and  the  whole  was  coated  over  three 
of  light  which  is  lost  by  a  second  reflection  or  four  times  with  paint,  inside  and  outside, 
from  the  small  speculum,  he  determined  to  to  secure  it  against  the  damp.  This  tube  was 
throw  it  aside  altogether,  and  mounted  this  removed  from  the  place  in  which  it  was  form- 
20  feet  reflectot  on  a  stand  that  admitted  of  ed  by  24  men,  divided  into  six  sets,  so  that 
being  used  without  a  smaU  speculum  in  mak-  two  men  on  each  side,  with  a  pole  5  feet  long 
m^  front  observatione  /  that  is,  in  sitting  with  m  their  hands,  to  which  was  affixed  a  piece 
his  back  to  the  object,  and  looking  directly  of  coarse  cloth  7  feet  long,  going  under  the 
towards  the  snr&ce  of  the  speculum.  Many  tube,  and  joined  to  a  pole  5  feet  long  in  the 
of  his  discoveries  and  measurements  of  double  hands  of  two  other  men,  assisted  in  carrying 
stars  were  made  with  this  instrument,  till  at  the  tube.  The  length  of  this  tube  is  39  feet 
length,  in  the  year  1785,  he  put  the  finishing  4  inches,  the  diameter  4  feet  10  inches ;  and, 
hand  to  that  gigantic  speculum,  which  soon  on  a  moderate  computation,  it  was  ascertained 
became  the  object  of  universal  astonishment,  that  a  wooden  tube  of  proper  dimensions 
and  which  was  intended  for  "bSB  forty-feet  re-  would  have  exceeded  an  iron  one  in  weight 
fleeting  telescope.  He  had  succeeded  so  well  by  at  least  3000  pounds.  Reckoning  the  cir- 
in  constructing  reflecting  telescopes  of  com-  cumference  of  the  tube  15  feet,  its  length  39} 
paratively  small  aperture,  that  they  would  feet,  and  14  lib.  for  the  weight  of  a  square 
bear  higher  magnifying  powers  than  had  ever  foot,  it  must  have  contained  590  square  feet, 
previously  been  applied ;  but  ho  found  that  a  and  weighed  8260  pounds.  Various  hoops 
deficiency  of  light  could  only  be  remedied  by  were  fixed  within  the  tube,  and  longitudinal 
an  increased  diameter  of  the  large  speculum,  bars  of  iron  connecting  some  of  them  are 
which  therefore  was  his  main  object  when  he  attached  to  the  two  ends  of  the  tube,  by  way 
undertook  to  accomplish  a  work  which  to  a  of  bracing  the  sheets,  and  preserving  tiie  shape 
man  less  enterprising  would  have  appeared  perfect,  when  the  pulleys  are  applied  to  give 
impracticable.  The  difficulties  he  had  to  the  necessaiy  elevation  at  the  upper  end,  and 
overcome  were  numerous,  particularly  in  the  that  the  speculum  may  be  kept  secure  at  the 
operative  department  of  preparing,  melting,  lower  end.  The  lower  end  of  the  tube  is 
annealing,  grinding,  and  polishing  a  mass  of  firmly  supported  on  rollers,  that  are  capable 
metal  that  was  too  unwieldy  to  be  moved  of  being  moved  forward  or  backward  by  a 
without  the  aid  of  mechanical  powers.  At  double  rack,  connected  with  a  set  of  wheels 
length,  however,  all  difficulties  having  been  and  pinions.  By  an  adjustment  at  the  lower 
overcome,  this  magn^ifioent  instrument  was  extremity  of  the  tube,  the  speculum  is  turned 
completed,  with  all  its  complicated  apparatus,  to  a  small  inclination,  so  that  the  line  of  col- 
and  erected  for  observation,  on  the  28th  of  limation  may  not  be  coincident  with  the  Ion- 
August,  1789,  and  on  the  same  day  the  sixth  gitudinal  axis  of  the  tube,  but  may  cross  the 
•atellite  of  Saturn  was  detected,  as  a  prelude  tube  diagonally,  and  meet  the  eye  in  the  air 
of  still  further  discoveries  which  were  after-  at  about  two  inches  from  the  edge  of  the  tube, 
ward  made  by  this  instrument  in  the  celestial  which  is  the  peculiarity  of  the  construction 
regions.  that  supersedes  the  necessity  of  applying  a 
It  would  be  too  tedious  to  attempt  a  de-  second  reflector.  Hence  no  part  of  the  head 
■cription  of  all  the  machinery  and  apparatus  of  the  observer  intercepts  the  incident  rays, 
connected  with  this  noble  instrument  The  and  the  observation  ia  taken  with  tlie  face 
reader  who  wishes  to  peruse  a  minute  looking  at  the  speculum,  the  back  being 
description  of  the  stairs,  ladders,  platform,  turned  to  the  object  to  be  observed. 

(?27) 


110  THE  PRACTICAL  ASTRONOMER 

The  large  speculum  is  inclosed  in  a  strong  sarily  at  an  elevation  at  least  40  feet  firom  tfi0 
iron  ring,  braced  across  with  bars  of  iron,  and  ground.  Near  the  place  of  the  eyeglass  in 
an  inclosure  of  iron,  and  ten  sheets  make  a  the  end  of  a  tin  pipe,  into  which  a  mouthpiece 
case  for  it  It  is  lifted  by  three  handles  of  may  be  placed,  so  that,  during  an  obaerratioii, 
iron  attached  to  the  sides  of  the  ring,  and  is  a  person  may  direct  his  voice  into  this  jHpa, 
put  into  and  taken  out  of  its  proper  place  while  his  eye  is  at  the  glass.  This  pipe, 
in  the  tube  by  the  help  of  a  movable  crane,  which  is  1^  inch  in  diameter,  runs  down  to 
running  on  a  carriage,  which  operation  re-  the  bottom  of  the  tube,  where  it  goes  into  a 
quires  great  care.  The  speculum  is  made  of  turning  joint,  thence  into  a  drawing  tube, 
a  metallic  composition,  and  is  49^  inches  in  and  out  of  this  into  another  turning  jmnt, 
diameter;  but  tiie  concave  polished  sur&ce  is  from  whence  it  proceeds,  by  a  set  of  sliding 
only  48  inches,  or  4  feet  in  diameter.  Its  tubes,  towards  the  front  of  the  foundation 
thickness  is  3  J  inches ;  and  when  it  came  timber.  Its  use  is  to  convey  the  voice  of  the 
from  the  cast  its  weight  was  211 8  pounds,  observer  to  his  assistants,  for  at  the  last  place 
The  metals  for  its  formation  were  procured  at  it  divides  itself  into  two  branches,  one  going 
a  warehouse  in  Thames-street,  London,  into  the  observatory,  the  other  into  the  woik- 
whera  they  kept  ingots  of  two  kinds  ready  mail's  room,  ascending  in  both  pbices  through 
made,  one  of  white  and  the  other  of  bell-  the  floor,  and  terminates  in  the  usual  shape 
metal ;  and  it  was  composed  of  two  ingots  of  of  speaking  trumpets.  Though  the  voice 
bell-metal  for  one  of  while.  It  was  not  to  be  passes  in  this  manner  through  a  tube,  with 
expected  that  a  speculum  of  such  large  dimen-  many  inflections,  and  through  not  less  than 
sions  could  have  a  perfect  figure  imparted  to  115  feet,  it  requires  very  litUe  exertion  to  be 
its  sur&ce,  nor  that  the  curve,  whatever  it  well  understood. 

be,  would  remain  identically  the  same  in  To  direct  so  unwicldly  a  body  to  any  part 
changes  of  temperature ;  therefore  we  are  not  of  the  heavens  at  pleasure,  many  mechanical 
surprised  when  we  are  told  that  the  magnify-  contrivances  were  evidently  necessary.  The 
ing  powers  used  with  this  telescope  seldom  whole  apparatus  rests  upon  rollers,  and  caie 
exceeded  200,  the  quantity  of  light  collected  was  previously  taken  of  the  foundation  in  the 
by  so  large  a  surface  being  the  principal  aim  ground.  Thu  consists  of  concentrical  brick 
of  the  maker.  The  raising  of  the  balcony,  on  walls,  the  outermost  42  feet,  the  innermost  21 
whidi  the  observer  stands,  and  the  sliding  of  feet  in  diameter,  2  feet  6  inches  deep  under 
the  lower  end  of  the  tube,  in  which  the  spe-  ground,  2  feet  3  inches  broad  at  the  bottom, 
cuium  rests,  are  effected  by  separate  tackles,  and  1  foot  2  inches  at  the  top,  capped  with 
and  require  only  occasional  motions;  but  paving  stones  3  inches  thick,  and  12}  inches 
the  elevation  of  the  telescope  requires  the   broad. 

main  tackle  to  be  employed,  and  the  motion  In  the  centre  is  a  large  post  of  oak,  framed 
usually  given  in  altitude  at  once  was  two  de-  together  with  braces  under  ground,  and  wailed 
grees ;  the  breadth  of  the  zone  in  which  the  fiiat  to  brickwork  to  make  it  steady.  Round 
observations  were  made,  as  the  motion  of  the  this  centre  the  whole  frame  is  moved  horizon- 
sphere  in  right  ascension  brought  the  objects  tally  by  means  of  20  rollers,  12  upon  the  outer 
into  view.  A  star,  however,  could  be  followed  and  8  upon  the  inner  wall.  The  vertical  mo- 
for  about  a  quarter  of  an  hour.  Three  per-  tion  is  given  to  the  instrument  by  means  of 
sons  were  employed  in  using  this  telescope,  ropes  and  pulleys,  passing  over  the  main 
one  to  work  the  tackle,  another  to  observe,  beam  supported  by  the  ladders.  These  lad* 
and  a  third  to  mark  down  the  observations,  dere  are  49  feet  long,  and  there  is  a  movable 
The  elevation  was  pointed  out  by  a  small  gallery  with  24  rollers  to  ease  its  motion, 
quadrant  fixed  to  the  main  tube,  near  the  There  is  a  staircase  intended  for  persons  who 
lower  end,  but  the  polar  distance  was  indicated  wish  to  ascend  into  the  gallery  without  being 
by  a  piece  of  machinery,  worked  by  a  string,  obliged  to  go  up  the  ladder.  The  ease  with 
which  continually  indicated  the  degree  and  which  the  horizontal  and  vertical  motions  may 
minute  on  a  dial  in  the  small  house  adjoining,  be  communicated  to  the  tube  may  be  conceived 
while  the  time  was  shown  by  a  clock  in  the  from  a  remark  of  Sir  W.  Herschel,  that  in  the 
same  place.  Miss  Herschel  performing  the  year  1789  he  several  times  observed  Satornr 
office  of  registrar.  two  or  three  hours  before  and  afier  its  meri- 

At  the  upper  end  the  tube  is  open,  and  di-  dian  passage,  with  one  single  person  to  oon* 
lected  to  the  part  of  the  heavens  intended  for  tinuo,  at  his  directions,  the  necessaxy  horizon- 
observation,  and  the  observer,  standing  on  the  tal  and  vertical  motions, 
foot-board,  looks  down  the  tube,  and  perceives  By  this  telescope  the  sixth  and  seventh 
the  object  by  rays  reflected  from  the  speculum  satellites  of  Saturn  were  disooverod,  only  one 
through  the  eyeglass  at  the  opening  of  the  of  which  is  within  the  reach  of  the  20  feet 
tuBe.  When  the  telescope  is  directed  to  any  reflector,  or  even  of  a  25  feet  instrument.  The 
objects  near  the  zenith,  the  observer  is  nece»>  discovery  of  the  satellites  of  the  planet  UraniMS 
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howerer,  was  made  by  the  20  feet  reflector,  made  his  sidereal  observations  at  the  Cape  of 

but  only  after  it  had  been  converted  from  the  Good  Hope. 
Newtonian  to  the  Herschelian  construction, 

which  affords  a  proof  of  the  superiority  of  the  -^— 
latter  construction  over  the  former  when  the 

same  speculum  is  used.    Never  bad  the  hea-  Sectiok  IIL 
vens  before  been  observed  with  so  extraordi- 
nary an  instrument  as  the  forty-feet  reflector.  Ramag^a  large  ReJUding  Tskacope. 
The  nebulosities  which  are  found  among  the 

fixed  stars  in  various  regions  of  the  heavens  The  largest  front  view  reflecting  telescope 
appeared  almost  all  to  resolve  themselves  into  in  this  country,  next  to  Herschers  40  feet  in- 
an  innumerable  multitude  of  stars;  others,  strument,  is  that  which  was  erected  at  the 
hitherto  imperceptible,  seemed  to  have  ac-  Royal  Observatory  at  Greenwich  in  the  year 
quired  a  distinct  light  On  the  entrance  of  1820,  by  Mr.  Ramage,  of  Aberdeen.  The 
8irius  mto  the  field  of  the  telescope,  the  eye  diameter  of  the  concave  reflector  is  15  inches, 
was  so  violently  afiected  that  stars  of  less  and  its  focal  length  25  feet  It  is  erected  on 
magnitude  could  not  immediately  after  be  per-  machinery  which  bears  a  certain  resemblance 
eeived,  and  it  was  necessary  to  wait  for  20  tb  that  of  Herschel's  which  we  have  now  de- 
minutes  before  these  stars  could  be  observed,  scribed,  but  the  mechanical  arrangements  are 
The  ring  of  Saturn  had  always  before  ceased  greatly  simplified,  so  that  the  instrumenb  is 
to  be  visible  when  its  plane  was  directed  to-  manageable  by  an  observer  without  an  assist- 
wards  the  earth;  but  the  feeble  light  which  it  ant  The  tube  is  composed  of  a  twelve-sided 
reflects  in  that  position  was  enough  for  Her-  prism  of  deal  f  ths  of  an  inch  thick.  At  the 
schel's  instrument*  and  the  ring,  even  then,  mouth  is  a  double  cylinder  of  different  diame- 
itill  remained  visible  to  him.  ters  on  the  same  axis ;  around  this  a  cord  is 

It  has  been  generally  considered  that  this  wound  by  a  winch,  and  passes  up  from  the 
telescope  was  capable  of  carrying  a  power  of  small  cylinder,  over  a  pulley,  and  down 
6000  times ;  and  perhaps,  for  the  purpose  of  through  another  pulley  on  to  the  large  cylin* 
an  experiment,  and  for  trying  its  effect  on  der.  When  the  winch,  therefore,  is  turned  to 
certain  objects,  such  a  power  may  have  been  raise  the  telescope,  the  endless  cord  is  un- 
applied, in  which  case  the  eyeglass  must  have  wound  from  the  smaller  cylinder  and  wound 
been  only  /;tha  of  an  inch  focal  distance,  or  on  to  the  larger,  the  difference  of  the  size  of 
somewhat  less  than  -^^th  of  an  inch.  But  the  two  cylinders  will  be  double  the  quantity 
such  a  power  could  not  be  generally  applied  raised,  and  a  mechanical  force  to  any  extent 
with  any  good  effect  to  the  planetary  bodies,  may  thus  be  obtained,  by  ^uly  proportioning 
and  I  question  much  whether  any  power  the  diameters  of  the  two  cylinders:  by  this 
above  1000  times  was  ever  generally  used;  contrivance  the  necessity  of  an  assistant  is 
for  it  is  the  quantity  of  light  which  the  tele-  superseded.  The  view  through  this  instru- 
scope  collects,  more  than  the  magnifying  ment  first  astonished  those  observers  who  had 
power,  that  enables  us  to  penetrate,  with  ef-  not  been  accustomed  to  examine  a  heavenly 
feet,  into  the  distant  spaces  of  the  firmament ;  body  with  a  telescope  possessing  so  much  light, 
and  hence,  as  above  stated,  the  power  seldom  and  its  performance  was  deemed  quite  extra- 
exceeded  200,  which,  on  account  of  the  large  ordinary.  But  when  the  first  impression  had 
diameter  of  the  speculum,  would  enable  the  subsided,  and  different  trials  had  been  made 
instrument  to  penetrate  into  the  distant  celes-  in  different  states  of  the  atmosphere,  it  was 
tial  spaces  perhaps  further  than  if  a  power  discovered  that  the  central  portion  of  the  spo- 
of as  many  thousands  of  times  had  been  ap-  culum'  was  more  perfectly  figured  than  the 
plied.  ring  bordering  on  the  extreme  edges.     When 

Sir  John  Herschel,  who  inherits  all  the  the  aperture  was  limited  to  ten  or  twelve 
science,  skill,  and  industry  of  his  father,  some  inches,  the  performance  as  to  the  distinctness 
time  ago  ground  and  polished  a  new  speculum  in  its  definmg  power  was  greatly  improved, 
for  the  20  feet  tube,  formerly  noticed,  which  and  the  light  was  so  brilliant  that  the  astrono- 
is  connected  with  a  stand,  pulleys,  and  other  mer  royal  was  disposed  to  entertain  an  opinion 
appendages  similar  to  those  above  described,  that  it  might  equal  that  of  a  good  achromatic 
though  of  smaller  dimensions.  This  telescope  refiractorofthe  same  dimensions.  When,  how- 
shows  the  double  stars  exceedingly  well  de-  ever,  very  small  and  obscure  objects  are  to  be 
fined,  and  was  one  of  the  principal  instruments  observed,  the  whole  light  of  the  entire  aper- 
used  in  forming  his  catalogue  of  these  objects  ture  may  be  used  with  advantage  on  fevour- 
which  was  presented  to  the  Royal  Society,  in  able  evenings. 

conjunction  with  that  of  Sir  James  South,  The  eyepieces  adapted  to  this  telescope  have 

•bout  the  year  1828.    I  suppose  it  is  likewise  powers  which  magnify  the  object  linearly  from 

the  same  telescope  with  which  Sir  John  lately  100  to  1500  times,  which  are  competent  to 
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fulfil  aQ  the  parpoaefl  of  vinoii  when  cleared  lation  of  throwing  aside  the  ama]!  apecnhmia 
of  aberration.  When  the  teleacope  ia  placed  and  attempting  itie  front  mew,  notwitsUnding 
in  the  plane  of  the  meridian,  and  elevated,  the  unifonn  assertion  of  opiicianf  that  soch  an 
together  with  the  gallery,  into  any  required  attempt  in  instmmenta  of  a  amall  aixe  is  im- 
tkitode,  the  nieridimal  mveepn,  formerly  prac-  practicable.  I  had  aome  groond  for  expecting 
tiaed  by  Sir  W.  Heiachel,  and  continued  by  ancoeaa  in  this  attempt  from,  oeveral  experi- 
Sir  John  with  great  success,  in  the  examina-  ments  I  had  previously  made,  particolariy 
tion  of  doul>le  stars  and  nebula,  may  be  ma-  from  some  modificationa  made  in  the  construe- 
naged  with  great  ease.  tion  of  astronomical  eyepieces,  which  have  a 

Mr.  Ramage  had  a  telescope  of  about  the  tendency  to  correct  the  aberration  of  the  rays 
Kune  size  erected  in  an  open  space  in  Aber-  of  light  when  they  proceed  somewhat  obliquely 
deen,  which  I  had  an  opportunity  of  inspect-  from  a  lens  or  speculum.  In  the  first  in- 
ing  when  I  paid  a  visit  to  that  gentleman  in  stance,  I  placed  the  speculum  at  one  end  of  a 
1893,  but  cloudy  weather  prevented  my  ob-  tube  of  this  form  of  the  segment  of  a  cone,  the 
taining  a  view  of  any  celestial  bodies  through  end  next  the  eye  being  some^at  wider  than 
it  He  showed  me  at  that  time  two  or  three  that  at  which  the  speculum  was  fixed,  and  its 
large  speculums,  from  12  to  18  inches  in  dia-  length  about  an  inch  ahorter  than  die  focal 
meter,  which  he  had  finished  some  time  be-  distance  of  the  mirror.  A  small  tube  for  re- 
fore,  and  which  appeared  most  beautifully  ceiving  the  difierent  eyepieces  was  fixed  in 
polished.  He  told  me,  too,  that  he  had  ground  the  inside  of  the  large  tube  at  the  end  next 
and  polished  them  simply  with  his  hand,  with-  the  eye,  and  connected  with  an  apparatus  by 
out  the  aid  of  any  machinery  or  mechanical  which  it  could  occasionally  be  moved  either  in 
power :  a  circumstance  which,  he  said,  as-  a  vertical  or  horizontal  direction.  With  ttie 
tonished  the  opticians  of  London  when  it  was  instrument  fitted  up  in  this  manner,  I  obtained 
stated,  and  which  they  considered  as  almost  some  interesting  views  of  the  moon  and  of  ter- 
incredible.  His  experience  in  casting  and  po-  restrial  objects ;  but,  finding  that  one  ade  of 
lishing  metals  of  various  sizes  during  a  period  the  tube  intercepted  a  considerable  portion  of 
of  15  or  16  years,  qualified  him  to  piepare  light  from  the  object,  I  determined  to  throw 
specub  of  great  lustre,  and  with  an  unusually  aside  the  tube  altogether,  and  to  fit  up  the  in- 
high  polish.  It  has  been  asserted  that  a  fifty-  strument  on  a  difikrent  plan, 
feet  telescope  by  Ramage,  of  21  inches  aper-  A  short  mahogany  tube,  about  three  indies 
ture,  was  intended  to  be  substituted  for  the  long,  was  prepared,  to  serve  as  a  socket  fx 
25  feet  instrument  erected  at  Greenwich,  and  holding  the  speculum.  To  the  side  of  this 
the  speculum,  it  is  understood,  was  prepared,  tube  an  arm  was  attached,  about  the  length 
and  ready  for  use,  provided  the  Kavy  Board  of  the  focal  distance  of  tiie  mirror,  at  the 
was  disposed  to  defray  the  expense  of  cany-  extremity  of  which  a  brass  tube  (or  receiving 
ing  the  plan  into  execution;  but,  unfortu-  the  eyepieces  was  fixed,  connected  with  screws 
nately,  this  ingenious  artist  was  unexpectedly  and  sockets,  by  which  it  might  be  raised  or 
cut  off  in  the  midst  of  his  career,  about  the  depressed,  and  turned  to  the  right  hand  or  to 
year  1835.  the  left,  and  with  adjusting  apporatua,  by 

which  it  might  be  brought  nearer  to  or  further 
■  from  the  speculum.  Fig.  69  exhibits  a  genera] 

representation  of  the  instrument  in  profile.  A 
SxCTioK  IT.  B  is  the  short  tube  which  holds  the  speculom ; 

C  Z>  the  arm  which  carries  the  eyetubes» 

The  Aerial  ReJUdor  eofutruded  hy  <Ae       ^^^ich  consists  of  two  distinct  pieces  of  ma- 
Author,  hogany;  the  part  D  being  capable  of  sliding 

along  the  under  side  of  C,  through  the  brass 

A  particular  description  of  this  teleseope  sockets  E  F.  To  the  under  part  of  the 
was  given  in  the  ''Edinburgh  New  Philo-  socket,  F,  is  attached  a  brass  nut  wi^  a 
sophical  Journal"  for  April — July,  1826,  con-  fismale  screw,  in  which  the  male  screw,  a  6, 
ducted  by  Professor  Jameson,  the  greater  part  acts  by  applying  the  hand  to  the  knob  c, 
of  which  was  copied  in  the  **  London  Ency-  which  serves  for  adjusting  the  instrument  to 
clopedia,*'  under  the  article  Tekteope,  From  distinct  vision,  (r  is  the  brass  tube  which 
this  description  I  shall  endeavour  to  condense  receives  the  eyepieces.  It  is  supported  by  a 
a  brief  account  of  this  instrument,  with  a  few  strong  brass  wire,  d  e,  which  passes  throogh 
additional  remarks.  a  nut  connected  with  another  strong  wire. 

About  the  year  1822,  an  old  speculum  27   which  passes  through  the  arm  Z>.    By  mean* 

inches  in  foo&I  length,  very  imperfectly  po-  of  the  nut  f  this  tube  may  be  elevated  or  de* 

lished,  happened  acodentally  to  come  into  my   preased,  and  firmly  fixed  in  its  proper  position ; 

possession,  and  feeling  no  inclination  to  fit  it  and  by  the  nut  d  it  may  be  brought  nearer  to^ 

up  in  the  Gregorian  form,  I  adopted  the  lemh  or  fiuther  firom,  the  arm  D. 
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By  die  same  apparatus,  it  is 
also  rendered  capable  of  being 
moved  either  in  a  Tertical  or 
horizontal  direction ;  but  when 
it  is  once  adjusted  to  its  pro- 
per position,  it  must  be  finnly 
fixed,  and  requires  no  finrther 
attention.  The  eyepiece  re- 
presented in  this  figure  is  the 
one  used  for  terrestrial  objects, 
which  consists  of  the  tubes  be> 
longing  to  a  pocket  achromatic 
telescope.  When  an  astrono- 
mical eyepiece  is  used,  the 
length  of  the  instrument  ex- 
tends only  to  the  point  L  In 
looking  through  tins  telescope, 
the  right  eye  is  applied  at  tiie 
point  Hf  and  the  observer's 
bead  is  understood  to  be  un- 
covered, or,  at  least,  tightly 
covered  with  a  thin  cap.  For  thota  who  use 
only  the  left  eye.  the  arm  would  require  to  be 
placed  on  the  opposite  side  of  the  tube,  or  the 
arm,  along  with  the  tube,  be  made  ta  >tum 
round  180  degrees. 

Fig.  70  represents  a  firont,  or,  rather,  an 
oblique  view  of  the  instrument,  in  which  the 

Fig.  70. 


Fig.eO. 


pOMtion  of  the  speculum  may  be  seen.  All  the 
specula  which  I  fitted  up  in  this  form,  having 
been  originaUy  intended  for  Gregorian  re- 
flectors,  have  holes  in  their  centres.  The  eye- 
piece is  therefore  directed  to  a  point  neariy 
equidistant  from  the  hole  to  the  left-hand  edge 
of  die  ttjpeealum,  that  is  to  the  point  a.    In 


one  of  these  instruments  fitted  up  with  a  four 
foot  speculum,  the  line  of  vision  is  directed  to 
the  point  b  on  the  opposite  side  of  the  specu 
lum,  but  in  this  case  the  eyetube  is  removed 
further  from  the  arm  than  in  the  former  case. 
The  hole  in  the  centre  of  the  speculum. is  ob- 
viously a  defect  in  this  construction  of  a  re- 
flecting telescope,  as  it  prevents  us  from 
obtaining  the  lull  advantage  of  the  rays  which 
fall  near  the  centre  of  the  mirror ;  yet  the  per- 
formance of  the  instruments,  even  with  this 
disadvantage,  ia  superior  to  what  we  should 
previously  have  been  led  to  eipect. 

The  principal  nicety  in  the  construction  of 
the  instrument  consists  in  the  adjustment  and 
proper  direction  of  the  eyetube.  There  is  only 
one  position  in  which  vision  will  be  perfectly 
distinct  It  must  be  neither  too  high  nor  too 
low;  it  must  be  fixed  at  a  certain  distance 
from  the  arm,  and  must  be  directed  to  a  cer- 
tain point  of  the  speculum.  This  position 
must  be  ultimately  determined  by  experiment 
when  viewing  terrestrial  objects.  A  person 
unacquainted  with  this  construction  of  the 
telescope  would  perhaps  find  it  difficult,  in  the 
first  instance,  to  make  this  adjustment ;  but 
were  it  at  any  time  deranged,  through  acci- 
dent or  otherwise,  I  can  easily  make  the  ad- 
justment anew  in  the  course  of  a  minute  or 
two. 

In  pointing  this  telescope  to  the  object  in- 
tended to  be  viewed,  the  eye  is  applied  at  K, 
fig.  69,  and  looking  along  the  arm,  towards 
the  eyepiece,  till  it  nearly  coincides  with  the 
object,  it  will,  in  most  cases,  be  readily  found. 
In  this  way  I  can  easily  point  this  instrument 
to  Juj^ter  or  Saturn,  or  to  any  of  the  other 
planets  visible  to  the  naked  eye,  even  when  a 
power  of  160  or  170  times  is  applied.  When 
high  magnifying  powers,  however,  are  used, 
it  may  be  expedient  to  fix,  on  the  upper  part 
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of  the  short  tube  in  which  the  flpeculmn  reels,  T^e  foUowing  are  some  of  the  properties 
a  finder,  such  as  that  which  is  used  in  New-  and  advantages  peculiar  to  this  oQastnictio& 
tonian  telescopes.  When  the  moon  is  the  of  the  reflecting  telescope : 
object  intended  to  be  viewed,  she  may  be  in-  1.  It  is  extremelu  simple,  tmd  maybe6tted 
stantly  found  by  moving  the  instrument  till  up  at  a  comparatively  smaU  expense.  In- 
her  reflected  image  be  seen  from  the  eye-end  stead  of  large  and  expensive  brass  tubes,  sodi 
of  the  telescope  on  the  face  of  the  mirror.  as  are  used  in  the  Gregorian  and  Nowtonian 

I  have  fitted  up  several  instruments  of  the   construction,  little  more  is  required  than  a 
above  description  with  specula  of  16,  27,  35,   short  mah(^;any  tube,  two  or  thr^  inches 
and  49  inches  focal  distance.    One  of  these,   long,  to  serve  as  a  sodLet  for  the  speculum, 
having  a  speculum  of  27  inches  focal  length,  with  an  arm  connected  with  it  about  the  focal 
and  an  astronomical  eyepieoe  producing  a   length  of  the  q)eculum.     The  expense  of 
maynifying  power  of  about  90  times,  serves  small  specula,  either  plain  or  concave,  is  saved, 
as  a  good  astronomical  telescope.    By  this   together  with  the  numerous  screws,  springa, 
instrument  the  belts  and  satellites  of  Jupiter,  tdbc.,  for  centring  the  two  specula,  and  jiaeang 
the  ring  of  Saturn,  and  the  mountains  and   the  small  mirror  parallel  to  the  large  one. 
cavities  of  the  moon,  may  be  contemplated   The  only  adjustment  requisite  in  this  con- 
with  great  ease  and  distinctness.     With  a   struction  is  that  oi  the  eyetube  to  the  speeo- 
magnifying  power  of  35  or  40  times,  terresi-   lum ;  and,  by  means  of  the  simple  apparatus 
trial   objects  appear  remarkably  bright  and   above  described,  it  can  be  efieeted    in  the 
well  defined.     When  compared  with  a  Gre-   course  of  a  few  minutes.    Almost  the  whole 
gorian,  the  quantity  of  light  upon  the  object  expense  of  the  instrument  consbts  in  the 
appears  nearly  doubled,  and  the  image  is   price  of  the  speculum  and    the  eyepiece 
equally  distinct,  although  the  speculum  has   The  expense  of  fitting  up  the  four  feet  speeo- 
several  blemishes,  and  its  surface  is  but  im-   lum  alluded  to  above,  exclusive  of  speeu^ 
perfectly  polished.    It  represents  objects  in   lum  and  eyepiece,  but  including  mahogany 
their  natural  colours,  without  that  dingy  and   tube  and  arm,  brass  sockets,  screws,  eyetube, 
yellowish  tinge  which  appears  when  looking  brass  joint,  and  a  cast-iron  stand,  painted  and 
through  a  Gregorian.    Another  of  these  in-  varnished,  did  not  amount  to  J£l  8«.     A  Gre- 
struments  is   about    four  feet  .long.      The   gorian  of  the  same  size  would  have  required 
speculum  which  belongs  to  it  is  a  very  old   a  brass  tube  at  least  4  j  feet  in  length,  which 
one :  when  it  came  into  my  possession,  it  was   would  cost  five  or  six  guineas,  besides  the 
so  completely  tarnished  as  scarcely  to  reflect  apparatus  connected  with  the  small  speculum, 
a  ray  of  light.    After  it  was  cleaned,  it  ap-   and  the  additional  expense  connected  with 
peared  to  be  scarcely  half  polished,  and  its   the  fitting  up  of  the  joint  and  stand  requisite 
surface  is  covered  with  yellowish  stains  which   for  supporting  and  steadying  so  unwieldy  an 
cannot  be  erased.     Were  it  fitted  up  upon   instrument.  While  the  one  instrument  would 
the  Gregorian  plan,  it  would,  I  presume,  be   require  two  persons  to  cany  it  from  one  room 
of  very  little  use,  unless  when  a  very  small   to  another,  and  would  occupy  a  considerable 
magnifying  power  was  applied;  yet  in  its   space  in  an  ordinary  apartment,  the  other 
present  form  it  bears  with  distinctness  a  mag-   can  be  moved,  with  the  utmost  ease,  with  one 
nifying  power  of  130  times,  and  is  equal  in   hand,  to  any  moderate  distance,  and  the  space 
its  performance  to  a  3^  feet  achromatic.    It  it  occupies  is  extremely  smalL 
exhibits  distinct  and  interesting  views  of  the       2.     //  is  more  convenient  for  viewing 
diversities  of  shade,  and  of  the  mountains,   celestial  objects  at  a  high  altitude  than  other 
vales,  cavities,  and  other  inequalities  of  the   telescopes.    When  we  look  through  a  Gre- 
moon's  surface.     With  a  power  of  about  50   gorian  reflector  or  an  achromatic  telescope  of 
times,  and  a  terrestrial  eyepiece,  it  forms  an   four  or  five  feet  in  length,  to  an  object  ele- 
excellent  telescope  for  land  objects,  and  ex-   vated  50  or  60  degrees  above  the  horizon, 
hibits  them  in  a  brilliant  and  novel  aspect   the  body  requires  to  be  placed  in  an  uneasy 
The  smallest  instrument  I  have  attempted  to   and  distorted  position,  and  the  eye  is  some- 
construct  on  this  plan  is  only  5^  inches  focal   what  strained  while  the  observation  is  ood- 
distance,  and  1  jths  of  an  inch  in  diameter,  tinued ;  but  when  viewing  similar  objects  by 
With  a  magnifying  power  of  about  15  times,   the  Aerial  Rejlector,  we  can  either  stand 
it  shows  terrestrial  objects  with  distinctness  perfectly  erect,  or  sit  on  a  chair,  with  the 
and  brilliancy.     But  I  should  deem  it  inex-   same  ease  as  we  sit  at  a  desk  when  reading  a 
pedient  to  fit  up  any  instrument  of  this  de-   book  or  writing  a  letter.    In  this  way,  the 
scription  with  specula  of  a  shorter  focal  dis-   surface  of  the  moon  or  any  other  of  the  planets 
tance  tlian  20  or  24  inches.     The  longer  the   may  be  contemplated  for  an  hour  or  two  wiih- 
focal  distance,  the  more  distinctness  may  be   out  the  least  weariness  or  fatigue.     A  de- 
expected,  although  the  aperture  of  the  specu-   lineation  of  the  lunar  surface  may  be  taken 
lum  should  be  comparatively  small*  with  this  instrument  with  more  ease  and 
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curacy  than  with  any  other  instrument,  as  tained  two  telescopes  fit>m  one  specQium.   In 

the  observer  can  sketch  the  outline  of  the  ob-  this  case,  I  found  that  each  haif  of  the  specu- 

ject  by  one  eye  on  a  tablet  placed  a  little  be-  lum  performed  nearly  as  well  as  the  whole 

low  the  eyepiece,  while  the  other  eye  is  looking  speculum  had  done  before ;  at  least,  there  ap- 

at  d}e  object    For  the  purpose  of  accommo-  peared  to  bo  fio  very  sensible  diminution  in 

,  dating  the  instrument  to  a  sitting  or  standing  the  brightness  of  the  object,  when  viewed 

*  posture,  a  small  table  was  constructed,  capa-  with  a  moderate  power,  and  the  image  was 

ble  of  being  elevated  or  depressed  at  pleasure,  equally  accurate  and  distinct ;  so  that  if  eco- 

on  which  the  stand  of  the  telescope  is  placed,  nomy  were  a  particular  object  ahned  at  in 

When  the  telescope. is  four  or  five  feet  long,  the  construction  of  these  instrumehts,  two 

and  the  object  at  a  very  high  elevation,  the  good  telescopes  might  be  obtained  from  one 

instrument  may  be  placed  on  the  floor  of  the  speculum ;  or  if  a  speculum  happened  to  be 

apartment,  and  the  observer  will  stand  in  an  broken  accidentally  into  large  fragments,  one 

erect  position.  or  more  of  the  fragments  may  be  fitted  up  on 

3.  This  instrument  is  considerably  shorter  this  principle  to  serve  as  a  tolerably  good 
than  a  Gregorian  telescope  whose  mirror  is  telescope. 

of  the  same  focal  length.    When  an  astro-       From  the  experiments  I  h^ve  made  in  re- 

nomical  eyepiece  is  used,  the  whole  length  ference  to  these  instruments,  it   is  demon- 

of  the  instrument  is  nothing  more  than  the  strable  that  a  tube  is  not  necessary  in  the 

focal  length  of  the  speculum ;  but  a  Gregorian,  construction  of  a  reflecting  telescope— at  least, 

whose  large  speculum  is  four  feet  focus,  will  on  the  principle  now  stated — ^whether  it  be  used 

be  nearly  five  feet  in  length,  including  the  by  day  or  by  night,  for  terrestrial  or  celestial 

eyepiece.  objects ;  for  I  have  frequently  used  these  tele- 

4.  The  Aerial  Reflector  &r  excels  the  scopes  in  the  open  air  in  the  daytime,  without 
Gregorian  in  brightness.  The  deficiency  of  any  inconvenience  from  extraneous  light 
light  in  the  Gregorians  is  owing  to  the  second  Therefore,  ^re  a  reflecting  telescope  of  50 
reflection  from  the  small  mirror ;  for  it  has  or  60  feet  in  length  to  be  constructed,  it  might 
been  proved  by  experiment  that  nearly  the  be  fitted  up  at  a  comparatively  small  expense, 
one-half  of  the  rays  of  light  which  fall  upon  after  the  expense  of  the  metallic  substances, 
a  reflecting  surface  is  lost  by  a  second  re-  and  of  casting,  grinding,  and  polishing  the 
flection.  The  image  of  the  object  may  also  speculum  is  defrayed.  The  largest  instro- 
be  presumed  to  be  more  correct,  as  it  is  not  ment  of  this  description  which  has  hitherto 
liable  to  any  distortion  by  being  reflected  from  been  constructed  is  the  40  feet  reflector  of 
another  speailum.  Sir  W.  Herschel.      This  complicated  and 

5.  There  is  less  tremor  in  these  telescopes  most  unwieldy  instrument  had  a  tube  of  rolled 
than  in  Gregorian  reflectors.  One  cause,  or  sheet  iron  39  feet  4  inches  in  length, 
among  others,  of  the  tremors  complained  of  in  about  15  feot  in  circumference,  and  weighed 
Gregorians  is,  I  presume,  the  formation  of  a  about  8000  pounds.  Now  I  conceive  that 
second  image  at  a  great  distance  from  the  such  enormous  tubes,  in  instruments  of  such 
first,  besides  that  which  arises  firom  the  elastic  dimensions,  are  altogether  unnecessary.  No- 
tremor  of  the  small  speculum,  when  carried  thing  more  is  requisite  than  a  short  tube  for 
by  an  arm  supported  only  at  one  end ;  but  as  holding  the  speculum.  Connected  with  one 
the  irjHge  formed  by  the  speculum  in  the  side  of  this  tube  (or  with  both  sides  were  it 
aerial  telescope  is  viewed  directly,  without  found  necessary,)  two  strong  bars  of  wood, 
being  exposed  to  any  subsequent  reflection,  it  projecting  a  few  feet  beyond  the  speculum 
is  not  80  liable  to  the  tremors  which  are  so  end,  and  extending  in  front  as  fiir  as  the  focal 
frcqiicnty  experienced  in  other  reflectors,  length  of  the  mirror,  and  connected  by  cro«h 
Notwitbstanding  the  length  of  the  arm  of  the  bars  of  wood,  iron,  or  brass,  would  be  quite 
(bur  feet  teUscope  above  mentioned,  a  celestial  sufficient  for  a  support  to  the  eyepiece,  and 
object  appcF.rB  remarkably  steady  when  pass-  for  directing  the  motion  of  the  instrument 
iug  across  Uie  field  of  view,  especially  when  A  telescope  of  40  or  50  feet  in  length,  con- 
it  is  at  a  moderate  degree  of  altitude ;  and  it  structed  on  this  plan,  would  not  require  one- 
is  easily  ktpt  in  the  field  by  a  gentio  motion  fifth  of  the  expense^  nor  one-fourth  of  the 
applied  t'j  the  arm  of  the  instrument  apparatus  and  mechanical  power  for  moving 

In  prooocuting  my  experiments  in  relation  it  to  any  required  pomtion,  which  were  found 

to  these  instruments,  I  wished  to  ascertain  necessary  in  the  construction  of  Sir  W.  Her- 

what  efi*ect  might  be  produced  by  using  a  schel's  large  reflecting  telescope.    The  idea 

part  of  a  speculum  instead  of  the  whole,  here  suggested  will  perhaps  be  more  readily 

For  this  purpose,  I  cut  a  speculum,  three  feet  appreciated  by  an  inspection  of  fig  71,  where 

in  fix:8l  length,  through  the  centre^  so  as  to  ^  is  the  short  tube,  B  C  and  DE  the  two 

divide  it  into  two  equal  parts,  and  fitted  up  large  bars  or  arms,  connected  with  crossbars, 

each  port  as  a  distinct  telescope,  so  that  I  oh*  for  the  purpose  of  securing  atrenglh  and  steadi- 
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DOM.    At  /  and'  JT,  behind  the  speculum,    diameter,  or  about  as  wide  as  to  admit  tba 
weights  might  be  applied,  if  necessary,  for   point  of  a  pin  or  a  moderate-eazed  needle. 

The  distance  of  this  hole  from  the  lens  next 
Fig.  71.  the  eye  must  be  adjusted  by  trial,  till  die 

whole  field  of  view  appear  distinct.    A  com- 
mon astronomical  eyepiece,  without  this  addi- 
^^^^^^  tion,  does  not  answer  well.    I  find,  by  er- 

^^^^J[^^^^^     ^^  .Z^J"  pcriencc,  that  terrestrial  eyepieces,  such  aa 

those  used  in  good  achromatic  telescopes,  are, 
on  the  whole,  b^st  adapted  to  tins  omstmc- 

tion  of  a  reflecting  telescope. 

K.  ^^^^^^Q.  I  have  sometimes  used  these  instruments 

for  the  purpose  of  viewing  perspective  prints^ 
which  they  exhibit  in  a  beautiful  and  inter- 
esting manner.  If  a  coloured  perspective  be 
placed  at  one  end  of  a  large  room  or  gallety, 
and  strongly  illuminated  either  by  the  sun  or 
eounteibalandng  the  lever  power  of  the  long  by  two  candles,  and  one  of  the  reflectors,  fur- 
arm.  F  represents  the  position  of  the  eye-  nished  with  a  small  fiM^»u7^tfig-/»wer,  placed 
piece,  and  G  H  the  joint  and  part  of  the  at  the  opposite  end  of  the  room,  the  repre- 
pedestal  on  which  the  instrument  is  placed,  sentation  of  a  street  or  a  landscape  will  be 
With  regard  to  telescopes  of  smaller  dimen-  seen  in  its  true  perspective,  and  will  appear 
sions,  as  from  6  to  15  feet  in  focal  length —  even  more  pleasant  and  interesting  than  'wbat 
with  the  exception  of  the  expense  of  the  viewed  through  the  common  optical  diagonal 
specula  and  eyepieces — they  might  be  fitted  machine.  If  an  inverting  eyepiece  be  used — 
up  for  a  sum  not  greater  llian  from  3  to  10  which  is  most  eligible  in  Uiis  experiment — 
or  16  guineas.  the  print,  of  course,  must  be  placed  in  an  in- 

Were  an^person  to  attempt  the  construe-  verted  position, 
tion  of  those  telescopes,  it  is  possible  he  might  That  reflecting  telescopes  of  the  descrip- 
not  succeed  in  his  first  attempts  without  more  tions  now  stated  are  original  in  their  coo- 
minute  directions  than  I  have  yet  given.  The  stniction,  appears  from  the  uniform  language 
following  directions  may  perhaps  tend  to  of  optical  writers,  some  of  whom  have  pro- 
guide  the  experimenter  in  adjusting  the  eye-  nounced  such  attempts  to  be  altogether  im- 
tube  to  the  speculum,  which  is  a  point  that  practicable.  Sir  David  Brewster,  one  of  the 
requires  to  be  particularly  attended  to,  and  on  latest  and  most  respectable  writers  on  this 
which  depends  the  accurate  performance  of  subject,  in  the  '<  Edinburgh  Encyclopedia,* 
the  instrument  After  having  fixed  the  eye-  art.  Optics,  and  in  the  last  edition  of  his  Ap- 
piece  nearly  in  the  position  it  should  occupy,  pendix  to  **  Ferguson's  Lectures,"  has  the 
and  directed  the  instrument  to  a  particular  following  remarks:  "If  we  could  dispense 
object,  look  along  the  arm  of  the  telescope,  with  the  use  of  the  small  specula  in  telescopes 
from  K  (fig.  69)  to  the  extremity  of  the  eye-   of  moderate  length,  by  inclining  the  great 

giece  at  //,  and  observe  whether  it  nearly  co-  speculuoi,  and  using  an  oblique,  and,  cooee- 
icides  with  the  object  If  the  object  appear  quently,  a  distorted  reflection,  as  propoeed 
lower  than  this  line  of  vision,  the  eyepiece  first  by  Le  Maire,  we  should  consider  the 
must  be  lowered,  and  if  higher,  it  must  be  Newtonian  telescope  as  perfect;  and  oa  m 
raised,  by  means  of  the  nuts  and  screws  at  g  large  scale,  or  when  the  instrument  exceeds 
d  and/^,  till  the  object  and  the  line  of  vision  20  feet,  it  has  undoubtedly  this  character,  aa 
now  stated  nearly  coincide.  The  eyepiece  nothing  can  be  more  simple  than  to  magnify, 
should  be  directed  as  nearly  perpendicular  to  by  a  single  eyeglass,  the  image  formed  by  a 
the  front  of  the  speculum  as  possible,  but  so  single  speculum.  As  the  front  view  is  qtMsie 
that  the  reflected  image  of  one's  head  from  impro/Cticable,  and,  indeed.  Has  never  been 
■the  mirror  shall  not  interfere  to  obstruct  the  attempted  in  instruments  of  a  small  size,  U 
ra^s  firom  the  object  An  object  may  be  seen  becomes  of  great  practicable  consequence  to 
with  ah  approximate  degree  of  distinctness,  remove  as  much  ^  possible  the  evils  which 
"but  not  accurately,  unless  this  adjustment  be  arise  from  the  use  of  a  small  speculum,**  4^ 
pretty  accurately  made.  The  astronomical  The  instruments  now  described  have  efleci- 
eyepieccs  used  for  these  telescopes  are  fitted  uated,  in  some  degree,  the  desirable  obiecft 
with  a  brass  cap,  which  slides  on  the  end  next  alluded  to  by  this  distinguished  pbiloeoplier, 
the  eye,  and  is  capable  of  being  brought  and  the  mode  of  construction  is  neither  that 
nearer  to  or  further  from  the  first  eyeglass,  of  Sir  W.  Herschel's  fipont  view,  nor  does  it 
In  the  centre  of  this  cap,  next  the  eye,  is  a  coincide  with  that  proposed  by  Le  Maii^ 
«nall  hole,  about  the  J«Ui  or  ^th  of  an  inch  which  appears  to  have  been  a  mere  hint  that 
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wu  nereT  realized  in  the  construction  of  re-  Armagh,  to  the  Irish  Academy,  the  Earl  of 
fleeting  telescopes  of  a  small  size.  The  sun-  Rosse  has  overcome  the  didiculties  which  have 
plicily  of  the  construction  of  these  instruments,  hitherto  heen  met  with,  and  carried  to  an  ex- 
«nd  th^  excellence  of  their  performance,  have  tent  which  even  Herschel  himself  did  not  ven- 
been  much  admired  by  several  scientiilc  gen-  ture  to  contemplate,  the  illuminating  power 
tiemen  and  others  to  whom  they  have  been  of  this  telescope,  along  with  a  sharpness  of 
exhibited.  Prior  to  the  description  of  them  definition  little  inferior  to  that  of  the  achro- 
m  the  Edinburgh  Philosophical  Journal,  they  matic ;  and  it  is  scarcely  possible,  he  observes, 
were  exhibited  in  the  Calton  Hill  Observatory,  to  preserve  the  necessary  sobriety  of  language 
Edinburgh,  in  the  presence  of  Professor  Wad*  in  speaking  of  the  moon's  appearance  with 
lace  and  another  gentleman,  who  compared  this  instrument,  which  Dr.  Robinson  believes 
their  performance  with  that  of  an  excellent  to  be  the  most  powerful  ever  constructed.  The 
Gregorian.  As  this  instrument  is  distinguished  difficulty  of  constructing  large  specula,  and 
from  every  other  telescope  in  being  used  with-  of  imparting  to  them  the  requisite  degree  of 
out  a  tube,  it  has  been  denominated  **  The  polish,  has  hitherto  been  considered  so  great, 
Atrial  Befledor^  that  fh>m  eight  to  twelve  inches  diameter  has 

been,  in  general,  their  utmost  size;  indeed, 
'  except  with  the  greatest  reluctance,  London 

opticians  would  not  accept  of  orders  for  specula 
Skctio  V  y.  of  more  than  nine  inches  in  diameter.    It  ap- 

pears, however,  that  the  Earl  of  Rosse  has 
Earl  of  Roai^s  ReJUding  Tslueopa.        succeeded,  by  a  peculiar  method  of  moulding, 

in  casting  object-mirrors  of  true  speculum 
This  nobleman,  unlike  many  of  his  com*  metal  of  three  feet  in  duaneter,  and  of  a 
peers,  has,  for  a  considerable  number  of  years  tveight  exceeding  17  ewt.  He  is  about  to 
past,  devoted  his  attention  to  the  pursuits  of  construct  a  telescope,  the  speculum  of  which 
science,  and  particularly  to  the  improvement  is  six  feet  in  diameter,  fifty  feet  focal  di^ 
of  reflecting  telescopes.  He  is  evidently  poe-  ianee,  and  of  the  weight  of  four  tons  /  and 
■essed  of  high  mathematical  attainments,  com-  from  what  ho  has  already  accomplished,  it  is 
bined  with  an  uncommon  degree  of  mechanical  not  doubted  that  he  possesses  the  power  to 
ingenui^.  About  14  or  1ft  years  ago,  be  en-  carry  his  design  into  effect.  These  great 
gaged  in  various  experiments  with  the  view  masses  of  metal,  which,  in  the  hands  of  all 
of  counteracting  the  effects  of  the  spherical  others  makers  of  specula,  would  have  been  as 
aberration  of  the  specula  of  reflecting  tele-  untractable  as  so  much  unannealed  fiint-glaas, 
scopes,  which  imperfection,  if  it  could  be  com-  the  Earl  of  Rosse  has  further  succeeded  in 
pletely  remedied,  would  render  the  reflecting  bringing  to  the  highest  degree  of  polish,  and 
telescope  almost  a  perfect  instrument,  as  it  is  the  utmost  perfection  of  curvature,  by  means 
not  affected  by  the  dif&srent  refrangibility  of  of  machinery.  The  process  is  conducted  under 
the  rays  of  tight  His  method,  we  believe,  water,  by  which  means  those  variations  of 
consisted  in  forming  a  large  speculum  of  two  temperature,  so  fatal  to  the  finest  specula 
or  three  separate  pieces  of  metal,  which  were  hitherto  attempted,  are  efiectually  guarded 
afterward  accurately  combined  into  one — a  against.  To  convince  Dr.  Robinson  of  the 
central  part,  which  was  surrounded  by  one  or  efficacy  of  this  machineiy,  the  earl  took  the 
two  rings  ground  on  the  same  tool.  When  diree-feet 'speculum  out  of  its  telescope,  de- 
the  images  formed  by  the  separate  pieces  were  stroyed  its  polished  sur&ce,  and  placed  it  under 
made  exactly  to  coincide,  the  image  of  the  the  mechanical  polisher.  In  six  hours  it  was 
object  towards  which  the  whole  speculum  was  taken  out  with  a  perfect  new  surface  as  bright 
directed  was  then  found  to  be  as  distinct  as  as  the  original.  Under  the  old  system  of 
either  image  had  been  when  separate ;  but,  as  hand  polishing,  it  might  have  required  months, 
the  period  referred  to,  a  sufficient  number  of  and  even  years,  to  e^t  this  restoration.  Even 
experiments  had  not  been  made  to  determine  before  achieving  these  extraordinary  triumphs 
that  his  lordship  had  completely  accomplished  on  the  solid  substance.  Ills  lordship  had  con- 
the  object  he  intended.  structed   a  six-feet  reflector  by  covering   a 

Great  interest,  however,  has  of  late  been  curved  surfiioe  of  brass  with  squares  of  the 
excited  by  the  improvements  which  his  lord-  .true  speculum  meialf  which  gave  an  immense 
ship  has  made  in  the  formation  of  specula,  quantity  of  light,  though  subject  to  some  ir> 
Sir  W.  Herschel  never  made  public  the  means  regularities,  arising  from  the  number  of  join- 
by  which  he  succeeded  in  giving  such  gigantic  ings  necessary  in  such  a  mosaic  work.  Of 
developement  to  tiie  reflecting  telescope,  and  the  performance  of  his  lordship's  great  tele- 
therefore  the  construction  of  a  large  reflector  scope,  mounted  with  this  reflector,  those  who 
has  been  considered  as  a  perilous  adventure;  have  seen  it  speak  in  terms  of  high  admira- 
hat»  accoiding  to  a  report  of  Dr.  Robinson,  of   tion ;  but  in  rsferenoe  to  the  smaller  and  men 
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pcTfect  iiutroment,  furnished  with  &e  solid  faint  image — ^whieh  circumstanoe  has  beco 
three-feet  speculum,  the  language  oi  the  generally  considered  as  a  sufficient  leascHi  for 
Armagh  astronomer  assumes  a  tone  of  en-  rejecting  the  use  of  glass  specula  in  tele* 
thusiasm,  and  even  of  sublimity.  By  means  scopes.  But,  although  very  Inight  objects 
df  this  exquisite  instrument,  Dr.  Robinson  exhibited  a  double  image,  almost  ail  the  other 
and  Sir  J.  South,  in  the  intervals  of  a  rather  objects  in  the  terrestrial  landscape  appeared 
unfavourable  night,  saw  several  new  stars,  quite  distinct  and  without  any  seooodaiy 
and  corrected  numerous  errore  of  other  ob-  image,  so  that  a  common  observer  could 
servers.  For  example,  the  planet  Uranus,  scarcely  have  noticed  any  imperfection.  When 
supposed  to  possess  a  ring  similar  to  that  of  the  instrument,  however,  was  directed  to  celcs- 
Satum,  was  found  not  to  have  any  such  ap-  tial  objects,  the  secondary  image  was  some- 
pendage ;  and  those  nebulie,  hitherto  regard-  what  vivid,  so  that  every  object  appeared 
ed,  from  their  apparently  circular  outline,  as  double.  Jupiter  appeared  witli  two  bodies,  at 
^  coalescing  systems,"  appeared,  when  tested  a  little  distance  from  each  other,  and  his  fbor 
by  the  three-feet  speculum,  to  be  very  far  in-  satellites  appeared  increased  to  eighL  The 
deed  from  presenting  a  globular  appearance,  moon  likewise  appeared  as  a  double  orb,  but 
numerous  of&hoots  and  appendages,  invisible  the  principal  image  was  distinct  and  well  de- 
by  other  telescopes,  appearing  in  all  directions  fined.  Such  a  telescope,  therefore,  was  not 
radiating  from  their  edges.  Such  discoveries,  well  adapted  for  celestial  observationa,  but 
which  reflect  great  honour  on  the  Earl  of  might  answer  well  enough  for  viewing  ter- 
Rosse,  will  doubtless  have  great  effect  on  the  rcstrial  objects, 
interests  of  astronomical  science.*  Considering  that  the  injurious  eflects  of  the 

secondaiy  image  arose  from  the  images  re- 
fleeted  from  the  two  surfaces  being  fonned 

near  the  same  point,  and  at  neariy  the  same 
SscTioir  YI.  focal  distance,  I  formed  a  plan  for  destroying^ 

the  secondary  image,  or  at  least  counteracting 
ReJIeding  Telescopes  with  Glass  Specula,     its.  effects,  by  forming  the  concavity  of  the 

mirror  next  the  eye  of  a  portion  of  a  sphere 

After  making  a  variety  of  experiments  with   different  from  that  of  the  convex  side  which 

aerial  telescopes  constructed  of  metallic  specula   ^^  silverized,  and  from  whidi  the  principal 

of  different  focal  lengths,   I  constructed   a   image  is  formed ;  but,  for  a  long  time,  I  could 

telescope  on  the  same  plan  with  a  concave   ^^^  ^^  opticians  possessed  of  tools  of  a  suf- 

glass  mirror.   Having  obtained  a  fragment  of    ficient  length  of  radii  for  accomplishing  my 

a  very  large  convex  mirror  which  happened   design.    At  length  aLondon  working  optician 

accidentally  to  have  been  broken,  I  caused   undertook  to  finish  a  glass  speculum  aocord- 

the  convex  side  to  be  foliated  or  silverized,   ing  to  my  directions,  which  were,  that  the 

and  found  its  focal  length  to  be  about  27   convex  surface  of  the  mirror  should  be  ground 

inches.    This  mirror,  which  was  about  five    on  a  tool  which  would  produce  a  fo«l  dis- 

mches  diameter,  I  pbiced  in  one  of  the  aerial   tance  by  reflection  of  about  four  feet,  and  that 

reflectors  instead  of  the  metallic  speculum,  and   ^he  concave  surface  should  have  its  focal  dis- 

tried  its  effect  with  difierent  terrestrial  eye-   tance  at  about  three  feet  three  inches,  so  that 

pieces.      With  a  power  of  about  ^5  or  AQ    the  seucondaiy  image  might  be  formed  at  about 

times,  it  gave  a  beautiful  and  splendid  view   t^^  inches  within  the  focal  distance  of  the 

of  distant  terrestrial  objects,  the  quantity  of   ffllverized  side,  and  not  interfere  to  disturb  the 

light  reflected  from  them  being  considerably   pnncipal  image ;  but,  either  finom  ignomice 

greater  than  when  a  metallic  speculum  was   or  inattention,  the  artist  mistook  the  radios 

used,  and  they  appeared,  on  the  whole,  well   ^or  the  half  radius  of  concavity,  and  the  spe- 

defined.    The  only  imperfection — as  I  had   culum  turned  out  to  be  only  23  inches  focal 

foreseen— consisted  in  a  double  image  being   distance  by  reflection.    This  mirror  was  fitted 

formed   of  objects  which  were  remarkably   up  as  a  telescope  on  the  aerial  plan,  and  I 

bright  and  white,  such  as  a  lighthouse  whiten-   found,  as  I  expected,  the  secondary  image 

ed  on  the  outside,  and  strongly  illuminated   completely  destroyed.    It  produced  a  very 

by  the  sun.    One  of  the  images  was  bright,   beautiful  and  brilliant  view  of  land  objects, 

and  the  other  faint     This  was  obviously '  ^^^  even  the  brightest  objects  exhibited  no 

owing  to  the  two  reflections  from  the  two  sur-   double  image.    The  mirror  was  neariy  five 

fiices  of  the  mirror— one  firom  the  convex   inches  in  diameter,  but  the  image  was  most 

silverized  side,  and  the  other  fix^m  the  con-   accurately  defined  when  the  aperture  was 

.ave  side  next  the  eye,  which  produced  the   contracted  to  about  three  inches.    It  was  fit- 

.^,        ,    .  *..«.-»       .  -*  ted  with  a  terrestrial  eyepiece  which  produced 

♦  A  particular  account  of  the  Earl  of  Roase'i  fifty-  „  »,o«*.;  At;«*  «w»-<>*  ^/.iLv.,*  ok  «;.«,  J;    \xt\ 

fset  reflecior.  whicb  is  now  finiahed,  is  given  in  a  magmfymg  power  of  about  26  tunes.  When 

the  jiTpvtndix.  ourected  to  the  moon,  it  gave  a  very  Hm^ih^ 
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tnd  Inininons  view  of  that  orb,  without  the  glass  mirror  of  this  description,  whose  focal 

least  appearance  of  a  secondary  image ;  but  length  is  four  feet  eight  inches,  and  diameter 

as  the  focal  distance  of  the  speculum  was  six  inches,  which  magnifies  distant  objects 

scarcely  half  the  length  I  had  prescribed,  I  about  seven  times,  takes  in  a  large  field  of 

did  not  apply  to  it  any  high  astronomical  view,  and  exhibits  objects  with  great  brilliancy, 

powers,  as  I  find  that  these  can  only  be  ap-  It  presents  a  very  distinct  picture  of  the  moon, 

plied  with  effect,  in  this  construction,  to  a  showing  the  difierent  streaks  oflight  and  shade 

speculum  of  a  considerable  focal  length.  Hap-  upon  her  surface,  and  in  some  cases  shows 

pening  to  have  at  hand  a  convex  lens  ten  feet  the  larger  spots  which  traverse  the  solar  disk, 

focal  lengtii  and  four  inches  in  diameter,  the  This  mode  of  viewing  objects  is  extremely 

one  side  of  which  had  been  ground  to  a  cer-  easy  and  pleasant,  especially  when  the  mirror 

tain  degree  of  concavity,  I  caused  the  convex  is  of  a  large  diameter,  and  the  observer  is  at 

side  to  be  foliated,  which  produced  a  focus  by  first  struck  and  gratified  with  the  novel  aspect 

reflection  at  13  j  indies  distant    To  this  mir-  in  which  the  objects  appear, 

ror  I  applied  terrestrial  powers  of  15  and  S4  Were  a  concave  mirror  of  this  description-— 

with  considerable  distinctness.    The  power  whether  of  glass  or  of  speculum  metal — ^to  be 

of  15  produced  a  very  brilliant  and  distinct  formed  to  a  very  long  focus,  the  magnifying 

view  of  land  objects.     Had  the  mirror  been  power  would  be  considerable.    One  of  50  feet 

at  least  three  times  the  focal  length,  it  would  focal  length,  and  of  a  corresponding  diameter, 

have  formed  an  excellent  telescope  with  the  might  produce  a  magnifying  power,  to  certain 

fame  aperture.  eyes,  of  about  75  times ;  and,  from  the  quantity 

of  light  with  which  the  object  would  be  seen, 

'  its  effect  wouki  be  much  greater  than  the  same 

SxcTiov  yn.  power  applied  to  a  common  telescope.    Sir 

W.  Herschel  states  that,  on  one  occasion,  by 

A  Reflecting  Tektcope,  unth  a  Single  JiGr-  ^^^9  ^j^  ^"  naked  eye  on  &e  speculum 

ror  and  no  Eyepiece^  of  his  40  feet  reflector,  without  the  mterposi- 

tion  of  any  lens  or  mirror,  he  perceived  dis* 

On  the  same  principle  as  that  by  which  a  ^^J  *>»«  ^^  ^®  satellites  of  Saturn,  which 

ftsfracting  telescope  may  be  constructed  by  wqtiires  the  application  ofa  considerable  power 

means  of  a  single  lens,  as  represented  fig.  to  be  seen  by  an  ordinary  telescope.   Such  an 

51  (page  86,)  we.  may  form  a  telescope  by  instrument  is  one  of  the  most  sunple  forms 

reflection  with  a  single  mirror  and  without  an  of  a  telescope,  and  would  exhibit  a  brilliant 

eyepiece.    Let  ^  5,  fig.  62,  represent  a  large  and  interestmg  viewof  the  moon,or  of  terres- 

ecmcave  speculom,  and  C  its  focus:  if  an  eye  ^'^  objects. 

Fig.  72.  FBICES   07   KBYLECTIira   TSLXSCOPBS. 

1.  Prices  as  stated  by  Mesan.  W.  and  8. 

"^    •*---..  Jones,  Holbom,  London. 

^,  £.       s, 

D  .j^O  A  4  feet,  7  inch  aperture,  Gre- 

^---"''  gorian  reflector,  with  the  vertical 

^^^--— ""^'''^  motions  upon  a  new  invented  prin- 

... — ^*  dple,  as  well  as  apparatus  to  render 

the  tube  more  steady  for  observation, 
according  to  the  adiHtional  apparatus 

of  small  speculums,  eyepieces,  micro- 

meters,  &c         .        from  JESO  to    120    0 

be  placed  at  2>,  about  eight  or  ten  inches  with-  ^  ^  ^^  ^^K'  '°°"^**^  ^^  *  P^°      23    ^ 

in  "^^J^^^X^^^.f^^^^^^^^  Tittowith*rack-;orkmotio^s,im: 

direcuon  of  C  or  ^«h»»^.*^«  J^^^'»  ^^^^  proved  mountings  and  metals         .      39  18 

seen  magnified  byreflection  on  the  foce  of  the  ^^  ^^  long,  without  mck-woik, 

mirror,  and  strong  y  illummated.    The  ma^i-  ^     .^  ^  nSgnifymg  powers,  im- 

fying  power,  in  this  case,  wUl  be  nearly  in  the  "      ^        ^^     J    b  r^       >             ^^  ^^ 

proportion  of  the  ftjcal  length  of  the  mirror  to  P™^f      in,p;oved;  with'  rack-work 

the  focal  length  of  the  eye  for  near  objects.  If,  ^    s                        '          .               22     1 

for  example,  the  focal  distance  of  the  mirror  .  q  .    .    ^„  „  ^i  •    _^__  t  '                 q  a 

1.      •  u..  r  ..      J  *!.    J'  .         r       *.u           4  18  mciK  on  a  piam  stana  •        »  w 

be  eight  feet,  and  the  distance  from  the  eye  at  .  „  ;««ir  j:»*^  n  A 

•  .  ?          ^              v    A A  j:  *:«  t\^  u..  12  men  ditto     .        .  .        •        u  o 

which  we  see  near  objects  most  distinctly  be 

eight  inches,  the  magnifying  power  will  be  in       2.  Prices  as  stated  by  Messrs.  Tullev; 

tl^  ratio  of  8  to  06,  or  12  times.    I  have  a   Islington. 
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£. 


1  foot  GrdgorUn  reflector,  on  pil- 
Ur  and  claw  atand,  metal  2^  inchea 
diameter,  packed  in  a  mahogany  box 

H  foot  ditto,  on  pillar  and  claw 
stand,  metal  8  inches  diameter, 
packed  in  a  mahogany  box 

2  feet  ditto,  metal  4  inches  diameter 
Ditto  with  lack-woik  motions     . 

3  feet  ditto,  metal  5  inches  di- 
ameter, rack-woik  motions 

4  feet  ditto,  metal  7  inches  diame- 
ter, on  a  tripod  stand  ynih  centre  of 
gravity  motion      .        .        .        • 

6  feet  ditto,  metal  9  inches  di- 
ameter   

7  feet  Newtonian,  6  inches  aper- 
ture       


13  feet  ditto,  metal  ISincliBsdi- 
ameter  •        •        •        •        • 


6    6 


3.  Pnoes  as  stated  by  Mr.  6.  DoDond,  8t 
Paul's  ChurdiyanL 


11 

16 
25 

11 

16 

4 

42 

0 

105 

0 

210 

0 

105 

0 

Reflecting  telesoopea  14 
\smgt  in  a  mahogany  box       •        • 

Ditto  18  inches 

Ditto  2  feet       .        .        .        . 

Ditto  with  4  different  powers,  and 
rack-work  stand  supporting  the  tele- 
scope in  the  centre  of  gravity  • 

Ditto  3  feet,  with  ditto 


£. 


9  9 
12  12 
18  18 


36  15 
50    0 


4.  Prices  of  single  ipeculvms  and  reflecting 
telescopes,  as  made  by  Mr.  Grub,  Ch^riemoDt 
Bridge-works,  Dublin. 


MBWTOlllAll 

TBLBBCOPE0.                     |                   |                    OSBOOBIAM   BBPLBCTOas.                      | 

PriM  or  tele.  I                 1 

l^toanel» 

DbMtarfa 

RMllw«lh 

PrietflfMii^ 

■eooe  OMM* 

IDiwetor  In 

Ftoalk^lk 

Prioternti^ 

Id  feat 

ronalOM. 

srs^i*- 

ladM. 

iBlMl. 

nrtaloa*. 

Vkm.mmt- 

£,     9. 

£.    «. 

£.     9. 

£.    «. 

0 

S 

17    10 

95      0 

7 

7 

17    10 

27    10 

* 

7 

3 

S5      0 

M      0 

• 

10 

95     0 

49     0 

9 

4* 

95      0 

50     0 

19 

1« 

00     0 

90      0 

IS 

7 

70      0 

100      0 

15 

15 

190      0 

170      0 

IS 

9 

150     0 

StiO      0 

18 

18 

200      0 

260     0 

18 

IS 

S40      0       900      0; 

OV  TBB  XTZPIXCBS   07  TXLESCOPBS. 

Although  the  performance  of  telescopes 
chiefly  depends  on  the  goodness  of  the  object* 
glass,  or  the  obiect^speculum  of  the  instru- 
ment, yet  it  is  of  connderable  importance,  in 
order  to  distinct  vision,  and  to  obtain  a  large 
and  uniformly  distinct  field  of  view,  that  the 
eyepiece  be  properly  constructed.  The  di^ 
ferent  kinds  of  eyepieces  may  be  arranged  into 
two  general  divisions,  Astronomical  and  Ter- 
restnoL 

1.  Astronomical  Eyepitcea. — The  most 
simple  astronomical  eyepiece  is  that  which 
consists  of  a  suigle  convex  lens ;  and  when 
the  focal  distance  of  this  lens,  and  that  of  the 
object-glass  of  the  instrament,  is  accurately 
ascertained,  the  magnifying  power  may  be 
nicely  determined  by  dividing  the  focal  length 
of  the  object-lens  by  that  of  the  eyeglass ;  but 
as  the  pencil  of  white  light  transmitted  by  the 
object-glass  will  be  divided  by  the  eyeglass 
into  its  component  colours,  tike  object  will 
appear  bordered  with  coloured  fringes,  and 
the  distinctness  of  vision  consequently  injured; 
besides,  the  spherical  aberration,  when  a  suigle 
lens  is  used,  is  much  greater  than  when  two 
or  more  glasses  are  employed:  hence  astro- 
nomical eyepieces  are  now  formed  by  a  com- 
bination of  at  least  two  lenses 

The  combinatiou  of  lenses  now  fleneraUy 

(83S)  ^ 


used  for  astronomical  purposes  is  that  which 
is  usoaUy  denominated  tiie  Huygenitm  Ey^ 
pieeej  having  been  first  pin^posed  tyy  die  oel»i 
brated  Huygens  as  a  great  improvement  ob 
the  single  lens  eyej[nece.  The  following  figura 
(73)  represents  a  section  of  this  eyepiece: 

Fig.  73. 


liCt  ^  B  be  a  compounded  pencil  of  white 
light  proceeding  from  the  object^laas ;  B  F  a, 
plano-convex  fiold-glass,  with  its  plane  side 
next  the  eyeglass  E,  The  red  rays  of  the 
pencU  A  B,  after  refraction,  would  cross  the 
axis  in  12,  and  the  violet  rays  in  T;  hut, 
meeting  the  eyeglass  £,  the  red  rays  will  be 
refracted  to  O,  ia»d  the  violet  nearly  in  the 
same  direction,  when  they  will  crass  each 
other  about  the  point  O  in  the  axis,  and  unite. 
The  distance  of  the  two  glattsea  F  E,to  pn>> 
duoe  this  correction,  when  made  of  ciown 
glass^  must  be  equal  to  half  the  sum  of  their 
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focal  distances  nearly :  for  example,  su|qpoee  to  be  applied  to  difieient  celestiid  objects, 
the  fix»l  distance  of  the  largest,  or  field-lens,  cording  to  their  nature,  or  the  state  of  the  atmo- 
to  be  three  inches,  and  the  focal  distance  of  sphere  in  which  they  are  used, 
the  lens  next  the  eye  one  inch,  the  two  lenses  RamsderCe  Eyepiece* — ^There  is  another 
should  be  placed  exactly  at  the  distance  of  two  modification  of  lenses,  knovjrn  by  the  name  of 
inches ,  the  sum  of  their  focal  length  being  the  Positive,  or  Ranuden's  Eyepiece,  which 
four,  the  half  of  which  is  t#o.  In  other  is  much  used  in  transit  mstruments,  and  tele- 
words,  the  glass  next  the  eye  should  be  placed  scopes  which  are  furnished  with  micrometers, 
as  much  within  the  focus  of  the  field-glass  as  and  which  affords  equally  good  vision  as  the 
is  equal  to  its  own  focal  distance.  The  focal  other  eyepiece.  In  this  construction  the  lenses 
length  of  a  single  lens  that  has  the  same  mag-  are  plano-convex,  and  nearly  of  the  same  focus, 
nifying  power  as  this  compound  eyepiece,  is  but  are  placed  at  a  distance  from  each  other 
equal  to  twice  the  product  of  the  focal  lengths  less  than  the  focal  distance  of  the  glass  next 
of  the  two  lenses  divided  by  the  sum  of  the  the  eye,  bo  that  the  image  of  the  object  viewed 
same  numbers;  or,  it  is  equal  to  half  the  is  beyond  both  the  lenses  when  measuring 
focal  length  of  the  fieldpglass.  Thus,  in  refer-  from  the  eye.  The  flat  faces  of  the  two  lenses 
ence  to  the  preceding  example,  twice  the  pro-  are  turned  into  contrary  directions  in  this  eye- 
duct  of  the  focal  length  of  the  two  lenses  is  piece,  one  facing  the  object^lass,  and  the 
equal  to  six,  and  their  sum  is  four.  The  for-  other  the  eye  of  tlie  observer ;  and  as '  the 
rocr  number  divided  by  the  latter  produces  a  image  formed  at  the  focus  of  the  object-glass 
quotient  of  1  §,  which  is  the  focal  length  of  a  lies  parallel  to  the  flat  fiice  of  the  contiguous 
single  lens,  which  would  produce  the  same  lens,  every  part  of  tbe  field  of  view  is  distinct 
magnifying  power  as  the  eyepiece;  and  1^  is  at  the  same  adjustment,  or,  as  opticians  say, 
lUst  half  the  focal  length  of  the  field-glass,  there  is  a  Jlat  fuld^  which,  without  a  wdiap 
The  pro{M>rtion  of  the  focal  lengths  of  the  two  phragm,  prevents  distortion  of  the  object  This 
lenses  to  each  other,  according  to  Huygens>  eyepiece  is  represented  in  fig.  74,  where  A  B 
should  be  as  three  to  one ;  that  is,  if  the  field- 
glass  he  i^  inches,  the  eyeglass  should  be  1^,  Fig.  74. 
and  this  is  the  proportion  most  generally 
adopted;  but  some  opticians  have  recom- 
mended that  the  proportion  should  be  as  three 
to  two.  Doscovich  recommended  two  rimilar 
lenses ;  and  in  thu  case  the  distance  between 
them  was  equal  to  half  the  sum  of  their  focal 
disLinccs,  as  in  the  Huygenian  eyepiece. 

The  image  is  formed  at  /  M,  at  the  focal 
distance  of  the  lens  next  the  eye,  and  at  the 
same  distance  from  the  field-glass.  When  dis- 
tinct vision  is  the  principal  object  of  an  achro- 
matic telescope,  the  two  lenses  are  usually  both  and  C  D  me  two  plano-convex  lenses,  wi& 
plano-convex,  and  fixed  with  their  curved  faces  their  convex  sides  inward.  They  have  nearly 
towards  the  objectpglass,  as  in  the  figure,  the  some  focal  length,  and  are  placed  at  a  dis- 
Sometimes,  however,  they  consist  of  what  is  tance  from  each  other  equal  to  about  two-thirds 
called  crossed  lenses,  that  is,  lenses  ground  on  of  the  focal  length  of  either.  The  focal  length 
one  side  to  a  short  focus,  and  on  the  other  side  to  an  equivalent  single  lens  is  equal  to  threo- 
to  a  pretty  long  focus,  the  sides  with  the  deep-  fourths  the  focal  length  of  either  lens,  sup- 
est  curves  being  turned  towards  the  object-  posing  them  to  have  equal  focal  distances, 
glass.  A  diaphragm,  or  aperture  of  a  proper  This  eyepiece  is  generally  applied  when  wires 
diameter,  is  placed  at  the  focus  of  the  eye-lens  of  spiifer's  lines  are  used  in  the  common  focus, 
where  the  image  formed  by  the  object-glass  as  the  piece  containing  the  lenses  can  be  taken 
falls,  for  the  purpose  of  cutting  off  the  extreme  out  without  disturbing  the  lines,  and  is  ad- 
rays  of  the  field-lens,  and  rendering  every  part  justable  for  distinct  vision ;  and  whatever  may 
of  the  field  of  view  equally  distinct  This  is  be  the  measure  of  any  object  given  by  tho 
likewise  the  form  of  the  eyepiece  generally  wire  micrometer  at  the  solar  focus,  it  is  not 
applied  to  Gregorian  reflectors.  In  short,  when  altered  by  a  change  of  the  magnifying  power 
accurately  constructed,  it  is  applicable  to  tele-  when  a  second  eyepiece  of  this  construction  is 
scopes  of  every  description.    This  eyepiece,  substituted. 

having  the  image  viewed  by  the  eye  behind  Aberration  of  Lenses. — ^In  connexion  with 
the  inner  lens,  is  generally  called  the  n^o/iM  the  above  descriptions,  the  following  stale- 
eyepiece,  and  is  that  which  the  optical  instru-  ments  respecting  the  spherical  aberration  of 
ment  makers  usually  supply,  of  three  or  four  lenses  may  not  be  inappropriate.  Mr.  John 
different  sizes,  for  so  many  magnifying  powers,  Dollond,  in  a  letter  to  Mr.  Short,  remarks,  that 
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fhe  abemtkm  in  a  nigle  lens  ii  as  the  cube 
of  the  Tefiractod  angle ;  bat  if  the  refiraction  be 
eansed  by  two  lenaea,  the  warn  of  flie  cubes  of 
each  half  wiO  be  a  quarter  of  the  refracted 
angle,  twice  the  cube  of  one  being  a  quarter 
of  the  cube  of  two.  80  three  times  the  cube 
of  one  is  only  one^nih  of  the  cube  of  three," 
&JC  Hence  the  indistinctness  of  the  borders 
of  the  field  of  ticw  of  a  telescope  is  diminish- 
ed by  increasing  the  number  of  lenses  in  an 
eyepiece.  Sir  J.  Herschel  has  shown  that  if 
two  plano-convex  lenses  are  put  together  as 
in  fig.  75,  the  aberration  will  be  only  0.2481, 
or  one-faurtk  of  that  of  a  single  lens  in  its 
best  form.  The  focal  length  of  the  first  of 
these  lenses  must  be  to  that  of  the  second  as 
1  to  f  .  If  their  focal  lengths  are  equal,  the 
aberration  will  be  0.603,  or  nearly  one-half. 
The  spherical  aberration,  however,  may  be 
entirely  destroyed  by  combining  a  meniscus 
and  double  convex  lens,  as  shown  in  fig.  76, 


Pig.  76. 


Pig.  76. 


the  convex  sides  being  turned  to  the  eye  when 
they  are  used  as  lenses,  and  to  parallel  rays 
when  they  are  used  as  burning  glasses.  Sir 
J.  Herschel  has  computed  the  following  cur^ 
vatures  for  such  lenses : 

Focai  length  of  the  convex  lent  .  -f-1 0.000 

Radius  or  its  nrst  surfiice    .  .  -j-  5.833 

Radius  of  its  second  sur&ce  .  —35.000 

Focal  length  of  the  meniaoja  .  +17.829 

Radius  ofits  first  surface     .  .  -(-  3.688 

Radius  of  its  second  surface  .  -f  6.294 

Pocal  length  of  the  compound  lens  -}-  6.407 

On  the  general  principles  above  stated,  a 
good  astronomical  eyepiece  may  be  easily  con- 
structed with  two  proper  lenses,  either  accord- 
ing to  the  plan  of  Huygens  or  that  of  Rams- 
den  :  and,  from  what  has  been  now  stated,  it 
is  demonstrably  certain  that,  in  all  cases  where 
two  glasses  are  properly  combined,  such  an 
eyepiece  is  superior  to  a  single  lens  both  in 
point  of  distinctness  and  of  the  enlargement  of 
the  field  of  view.  I  lately  fitted  up  an  eye- 
piece, on  Ramsden's  principle,  with  two  lenses, 
each  about  three  inches  focal  length,  and  Igths 
of  an  inch  in  diameter,  placed  at  half  an  mch 
distant,  with  their  convex  surface  facing  each 
other,  as  in  fig.  74,  which  forms  an  excellent 
eyepiece  for  an  achromatic  telescope  six  feet 
eight  inches  fivuil  distance  and  four  inches 
aperture,  particularly  for  viewing  clusters  (rf" 
stars,  the  Milky  Way,  and  the  large  nebulas. 
(840) 


The  field  of  view  is  large,  the  magnifyiug 
power  is  only  between  50  and  60  times,  and 
the  quantity  of  light  being  so  great,  every  cele»* 
tial  object  appears  with  great  brilliancy,  and 
it  is,  in  general,  much  more  preferable,  when 
applied  to  the  stais,  than  any  of  the  higher 
powers.  When  applied  to  Pnenepe  in  Can- 
cer, it  exhibits  that  group  at  one  view,  as  con- 
sisting of  nearly  100  stars,  which  exhibit  a 
beautiful  and  most  striking  appearance.  ^ 

It  may  appear  a  curious  drenrostanoe  that 
any  eyepiece  which  is  good  with  a  short  tele- 
scope is  also  good  with  a  long  one,  but  that 
the  reverse  is  not  true ;  for  it  is  found  to  be 
more  difilieult  to  make  a  good  eyepiece  for  a 
short  than  for  a  long  focal  distance  of  the 
object-^ass. 

Celestial  eyepieces  are  sometimes  con- 
structed BO  as  to  produce  variable  powen* 
This  is  effected  by  giving  a  motion  to  the 
lens  next  the  eye,  so  as  to  remove  it  nearer 
to  or  further  from  the  field4ens;  for  at  every 
different  distance  at  which  it  is  placed  from 
the  other  lens,  the  magnifying  power  will 
eitl  ""r  be  increased  or  diminidbed.  The 
gr  atest  power  is  when  the  two  lenses  are 
nearly  in  contact,  and  the  power  diminishes 
in  proportion  to  the  distance  at  which  the 
glass  next  the  eye  is  removed  from  the  other. 
The  scale  of  distance,  however,  between  the 
two  lenses  cannot  be  greater  than  the  fbcal 
distance  of  the  field,  or  ^lner  glass ;  for  if  it 
were,  the  lenses  would  no  longer  form  an 
eyepiece,  but  would  be  changed  into  an  in- 
verting opera-glass.  For  eflecting  the  pur* 
pose  now  stat^,  the  eyeglass  is  fixed  in  a 
tube,  which  slides  upon  an  interior  tube,  on 
which  is  marked  a  scale  of  distances  corre- 
sponding to  certain  magnifying  powers ;  and 
in  this  way  an  eyepiece  may  be  maile  to 
magnify  about  double  the  number  of  times 
when  the  lenses  are  in  one  position  than 
when  they  are  in  another;  as,  for  example, 
all  the  powere  from  36  to  72  times  may  be 
thus  applied,  merely  by  regulating  the  dis* 
tance  between  the  two  lenses.  When  the 
glasses  are  varied  in  this  manner,  the  eye- 
piece becomes  sometimes  a  positive  eyepiece, 
like  Ramsden's,  and  sometimes  a  negative 
one,  tike  that  of  Huygens. 

Diagonal  Eyepieces* — ^The  eyepieces  to 
which  we  have  now  adverted,  when  adapted 
to  refracting  telescopes,  both  reverse  and  in- 
vert the  object,  and  therefore  are  not  calcu- 
lated for  showing  terrestrial  objects  in  their 
natural  position ;  but  as  the  heavenly  bodies 
are  of  a  spherical  form,  this  circumstance  de- 
tracts nothing  from  their  utility.  When  the 
celestial  object,  however,  is  at  a  high  altitude, 
the  observer  is  obliged  to  place  his  bead  in  a 
very  inconvenient  position,  and  to  direct  hk 
eye  nearly  upward ;  in  which  portion  he 
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not  remain  long  at  ease,  or  observe  with  a 
■teady  eye.  To  remedy  this  ineonvenience, 
the  diagonal  eyepiece  has  been  inverted, 
which  admits  of  the  eye  being  applied  at  the 
ode,  or  at  the  upper  part  of  the  eyepiece,  in- 
■te4d  of  the  end ;  and  when  such  an  eyepiece 
is  used,  it  is  of  no  importance  in  what  direc- 
tion the  telescope  is  elevated,  as  the  observer 
can  then  either  sit  or  stand  erect,  and  look 
down  upon  the  object  with  the  utmost  ease. 
This  object  is  efifected  by  placing  a  flat  piece 
of  polished  speculum-metal  at  an  angle  of  45 
deg^rees  in  respect  to  the  two  lenses  of  the 
eyepiece,  which  alters  the  direction  of  the 
converging  rays,  and  forms  an  image  which 
becomes  erect  with  respect  to  altitude,  but  is 
leversed  with  respect  to  azimuth ;  that  is,  in 
other  words,  when  wo  look  down  upon  the 
objects  in  the  field  of  view,  they  appear  erect; 
but  that  part  of  an  object  whidi  is  in  reality 
on  our  right  hand,  appears  on  our  left ;  and 
if  it  be  in  motion,  its  apparent  b  opposite  to 
Its  real  motion ;  if  it  be  moving  towards  the 
west,  it  will  seem  to  move  towards  the  east 

There  are  three  situations  in  which  the 
diagonal  reflector  in  this  eyepeice  may  be 
placed.  It  may  be  placed  eiUier,  1,  before 
the  eyepiece,  or,  2,  behind  it,  or,  3,  between 
the  two  lenses  of  which  the  eyepiece  consists. 
The  most  common  position  of  the  reflector  is 
between  the  lenses ;  and  this  may  be  done  both 
in  the  negative  and  the  positive  eyepieces ;  but 
as  the  distance  between  the  two  lenses  is 
necessarily  considerable  to  make  room  for  the 
diagonal  position  of  the  reflector,  the  magnify- 
ing power  cannot  be  gpreat;  otherwise  a  dia- 
gonal eyepiece  of  this  construction  remains 
always  in  adjustment,  and  is  useful  in  all 
cases  where  a  high  power  is  not  required. 
The  preceding  is  a  description  and  represen- 
tation of  a  diagonal  eyepiece  of  this  kind  in 
my  possession. 


Fig.  77 


In  fig.  77, 
A  B  represents 
the  plano-con- 
vex lens  next  the 
object,  which  is 
about  2  inches 
in  focal  length, 
and  i  of  an  inch 
in  diameter;  C 
D,  a  plain  me- 
tallic speculum 
of  an  oval  form, 
well  polished,  and  placed  at  half  a  right  angle 
to  the  axis  of  the  tube ;  and  E  F  another 
plano-convex  lens,  about  1^  inch  focal  dis- 
tance. The  centre  of  the  speculum  is  about 
l^th  of  an  inch  from  the  lens  A  B,  and  about 
half  or  one-third  of  an  inch  from  ^  F;  so  that 
this  eyepiece  is  a  positive  one,  on  the  principle 
proposed  by  Ramsdcn.    The  rays  proceeding 
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from  the  lens  A  B,  and  falling  upon  the  speco- 
lom,  are  reflected  in  a  perpendicular  direction 
to  the  lens  E  F,  where  they  enter  the  eye  at 
G,  which  looks  down  upon  the  object  through 
the  side  of  the  tube.  The  real  size  of  this 
eyepiece  is  much  about  the  same  as  that  re- 
presented in  the  figure.  When  applied  to  an 
achromatic  telescope  of  44}  inches  focal  dis- 
tance, it  produces  a  magnifying  power  of  36 
times,  and  exhibits  a  ver}'  beautiful  view  of 
the  whole  of  the  full  moon.  It  likewise  pre- 
sents a  very  pleasing  prospect  of  terrestrial 
objects,  which  appear  as  if  situated  imme- 
diately below  us. 

'    Another  plan  of  the  diagonal  eyepiece  is 

represented  in  fig.  78,  where  the  speculum 

jp.     ^Q  is  fixed  within 

J?lg.  78.  the  sliding  tube 

^  which  receives 

the  eyepiece, 
or  inuned  lately 
below  it  The 
part  of  the 
tube  ilJS  slides 
into  the  tube 
of  the  tele- 
scope, C  D  is 
the  speculum 
placed  at  half 
^        ■"  a  right  angle 

to  the  axis  of  the  tube,  and  E  F  ihe  tube  con- 
taining the  lenses,  which  stands  at  right  angles 
to  the  position  of  the  telescope,  and  slides  into 
an  exterior  tube,  and  the  eye  is  applied  at  G» 
This  construction  of  the  diagonal  eyepiece 
may  be  used  with  any  eyepiece  whatever, 
whether  the  Huygenian  or  that  of  Ramsden. 
It  will  admit  of  any  magnifying  power,  and 
if  several  diflerent  eyepieces  be  fitted  to  the 
sliding  tube,  they  may  be  changed  at  pleasure. 
This  form  of  the  diagonal  eyepiece  I  therefore 
consider  as  the  best  and  the  most  convehient 
construction,  although  it  is  not  commonly 
adopted  by  opticians. 

When  any  of  these  eyepieces  are  applied 
to  a  telescope,  with  the  lens  E  on  the  upper 
part  of  it,  we  look  down  upon  the  object,  if  it 
be  a  terrestrial  one,  as  if  it  were  under  our 
feet  If  we  turn  the  eyepiece  round  in  its 
socket  a  quarter  of  a  circle  towards  the  left, 
an  object  directly  before  us  in  the  south  will 
appear  as  if  it  were  in  the  fjoeaty  and  turned 
upside  down.  If,  from,  this  position,  it  is 
turned  round  a  semicircle  towards  the  right, 
and  the  eye  applied,  the  same  object  will 
appear  as  if  it  were  situated  in  the  east,  and 
inverted ;  and  if  it  be  turned  round  another 
quadrant,  till  it  be  directly  opposite  to  its  first 
position,  and  the  eye  applied  firom  below,  the 
object  or  landscape  will  appear  as  if  suspended 
in  the  atmosphere  above  us.  This  eyepiece, 
therefore,  is  capable  of  exhibiting  objects  in  a 
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great  vanety  of  aspects,  and  the  ute  of  it  is  solete,  and  la  never  uaed  except  in 
both  pleasant  and  easy  for  the  oHserver.  But  pocket  ^yglaases  formed  with  a  single  ob* 
there  is  a  considerable  loss  of  light,  occa-  ject-lens.  In  its  place  a  four  glassed  eye- 
sioned  by  the  reflection  from  the  speculum,  piece  has  been  substituted,  which  is  now  uitt" 
which  is  sensibly  felt  when  very  high  powers  venudly  used  in  all  good  telcsccipes,  and  which, 
are  applied ;  and  therefore,  when  very  small  besides  improving  the  vision  and  producing 
stars  are  to  be  observed,  such  as  some  of  those  an  erect  position  of  the  images  of  objects^ 
connected  with  double  or  triple  stars,  the  ob-  presents  a  considerably  laiger  field  of  view, 
server  should  not  study  his  own  ease  so  much  During  the  progressive  stages  of  improvement 
as  the  quantity  of  Light  he  can  retain  with  a  made  in  the  construction  of  erect  eyepieces 
high  power,  which  object  is  best  attained  with  by  DoUond  and  Ramsden,  three,  four,  tnd 
an  onlinary  eyepiece  and  a  telescope  of  krge  five  lenses  were  successively  introduced ;  and 
aperture.  hence,  in  some  of  the  old  telescopes  coo- 
We  have  said  that  a  diagonal  eyepiece  may  structed  by  these  artists,  we  frequently  find 
be  constructed  with  a  reflector  htfort  the  five  lenses  of  different  descriptions  composing 
eyepiece.  In  this  case,  the  speculum  is  some-  the  eyepiece.  But  four  lenses,  arranged  in 
times  made  to  slide  before  tbe  eye  at  the  the  manner  I  am  now  about  to  describe,  have 
requisite  angle  of  reclination,  in  which  appli-  ultimately  obtained,  the  preference.  In  a  tele- 
cation  each  eyepiece  must  necessarily  have  a  scope  having  a  celestial  eye|Hece  of  the  Huy* 
groove  to  receive  it,  and  the  eye  must  be  genian  form,  the  image  that  is  formed  in  the 
applied  without  a  hole  to  direct  it,  but  it  may  focus  of  the  object-glass  is  that  which  is  seen 
be  put  on  and  taken  off  without  disturbing  magnified,  and  in  an  inverted  position ;  but 
the  adjustment  for  distinct  vision,  and  is  very  when  a  four  glassed  eyepiece  is  used,  which 
simple  in  its  application.  But,  on  the  whole,  produces  an  erect  view  of  the  object,  the  image 
the  form  represented  in  fig.  78  is  the  most  is  repeated,  and  the  second  image,  which  is 
convenient,  and  should  generally  be  preferred,  formed  by  the  inner  pay*  of  lenses,  X  J3,  on 
as  any  common  astronomical  eyepiece  can  be  an  enlarged  scale,  is  that  which  the  pair  of 
applied  to  it  I  have  used  a  diagonal  eyepiece  Jenses,  C  />,  at  the  eye  end  render  visible  on 
dftbis  kind  with  good  efibct  when  a  power  of  a.  scale  still  more  enlarged.  The  modem 
180  has  been  applied  to  the  sun  and  other  terrestrial  eyepiece,  represented  in  fig.  79,  i% 
celestial  objects. 

Instead  oi  a  metallic   speculum,  a  rteU  Fig  79. 

angular  prism  of  glass,  is  sometimes  sub- 
stituted ;  for  the  rays  of  light  are  then  bent 
by  reflection  from  the  second  polished  rariace, 
which  ought  to  be  dry,  and  undergo  two  re- 
fractions, which  achromatize  them ;  and  the 
same  efiect  is  thus  produced  as  by  polished 

metal.  Ramsden  sometimes  gave  one  of  the  in  feet,  nothing  else  than  a  compound  micro- 
polished  faces  of  a  right-angled  prisma  curve,  scope,  consisting  of  an  object-lens,  an  ampK- 
which  prism  served  instead  of  a  lens  in  an  fying-lens,  and  an  eyepiece  composed  of  a 
eyepiece,  and  also  performed  the  office  of  a  pair  of  lenses  on  the  principle  of  the  Hay- 
reflector.  A  semi-globe,  or  what  has  been  genian  eyepiece.  Its  properties  will  be  b^t 
called  a  bull's  eye,  has  also  been  used  as  a  understood  by  considering  the  first  image  of 
diagonal  eyepiece,  and  when  the  curve  is  well  an  object,  which  is  formed  in  the  focus  ^the 
formed,  and  the  glass  good,  it  is  achromatic,  object-glass,  as  a  small  luminous  object  to  be 
and  is  said  to  perform  pretty  well,  but  it  is  rendered  visible,  in  a  magnified  state,  by  a 
not  superior  to  the  forms  already  described.  compound  microscope.  The  object  to  be  mag- 
nified may  be  considered  as  placed  near  tfais 
-~-^~  point  A,  and  the  magnified  imago  at  i,  which 

is  viewed  by  the  lens  Z>.    Hence,  if  we  look 

SxcTiov  II.  through  such  an  eyepiece  at  a  small  dl^eci 

placed  very  near  the  lens  A,  we  shall  find 

Terrestrial  Ef/epieces»  that  it  acts  as  a  compound  microscope  of  a 

moderate  magnifying  power,  increasing,  in 

When  describing  the  common  refracting  some  cases,  the  diameter  of  the  object  aiNMl 

telescope  (p.  84,)  I  have  noticed  that  three  10  times,  and  100  times  in  surface, 
eyeglasses,  placed  at  double  their  focal  dis-       In  order  to  distinguish  the  difierent  lensea 

tances  from  each  other,  formerly  constituted  in  this  eyepiece,  we  may  call  the  len  A 

the  terrestrial  eyepiece,  as  represented  in  fig.  which  is  next  to  the  first  image,  the  obfed* 

47.      But  this  construction,  especially  for  lens;  the  next  to  it,  ^,  the  the  am/7/(/^*w- 

achromatic  instruments,  has  now  become  ob-  lens  /  the  third,  or  C,  thekeld'kns  :  and  £b 
(842)  "^ 
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«ne  next  the  eye,  D,  the  eye^lens.    The  first  their  focal  lengths,  reckoning  from  that  next 

image,  formed  a  little  before  X,  may  be  de-  the  object,  be  as  the  numbers  14,  21,  27,  33; 

nominated  the  radiant,  or  the  object  from  their  distances,  23,  44,  40 ;  their  apertures, 

whicti   the  rays  proceed.     Now  it  is  well  5.6,  3.4,  2.6;  and  the  aperture  of  the  dia- 

known  as  a  principle  in  optics,  that  if  the  ra-  phragm  placed  in  the  interior  fmnjs  of  the  fourth 

diant  be  brought  nearer  to  the  lens  than  its  eyeglass,  7.     Another    proportion   may  be 

principal  focus,  the  emerging  rays  will  di'  stated :  Suppose  the  lens  next  the  object,  A^ 

verge,  and,  on  the  contrary,  if  the  radiant  be  to  be  l}ths  of  an  inch  focal  length,  then  B 

put  further  from  tbe  lens  than  its  principal  may  be  2^  inches;  C,  2  inches;  and  B,  l^i 

focal  distance,  the  emerging  rays  will  eonnerge  and  their  distances,  A  B,  2^;  B  C,  S^ths; 

to  a  point  at  a  distance  beyond  the  lens,  af^d  C  D,  2|th8.   In  one  of  Ramsden's  small 

which  will  depend  on  the  distance  of  the  ra^  telescopes,  whose  object-glass  was  8^  inches 

diant  from  the  face  of  the  lens.    In  this  place  in  focal  length,  and   its  magnifying  power 

an  image  of  the  radiant  will  be  ibrmed  l^  the  16.4,  the  focal  lengths  of  the  eyeglasses  were, 

ooncurrenoe  of  the  converging  rays,  but  in  a  il,  0.776  of  an  inch ;  B,  1.026 ;  C,  1.01 ;  i), 

contrary  position ;  and  the  length  of  the  image  0.79 ;  the  distances,  A  B,  1.16 ;  ^  C,  1.83 ; 

will  exceed  the  length  of  the  radiant  in  the  and  C  D,  1.106.  In  the  excellent  achromatic 

same  proportion,  as  the  distance  of  the  image  telescope  of  DoUond's  construction  which  be- 

fifom  the  radiant  exceeds  that  of  the  radiant  longed  to  the  Due  de  Chaulnes,  the  focal 

from  the  lens.    This  secondary  image  of  the  lengths  of  the  eyeglasMs,  beginning  with  that 

radiant  at  t,  is  not  well  defined  when  only  next  the  object,  were  14^  liniBs,  19,  22  j,  14 ; 

one  lens,  as  /I,  is  used,  owing  to  the  great  their  distances,  22.48   lines,  46.17,  21.46 ; 

spherical  aberrations,  and  therefore  theampli-  and  their  thickness  at  the  centre,  1.23  lines, 

fying  lens  is  placed  at  the  distance  of  the  1.26,  1.47.*   The  fourth  lens  was  piano-con- 

shorter  conjugate  fbcus,  with  an  interrening  Tex,  with  the  plane  side  to  the  eye,  and  the 

diaphragm  of  a  small  diameter  at  the  place  of  rest  were  double  convex  lenses    This  tele- 

the  principal  fbcus ;  the  uses  of  which  lens  scope  was  in  focal  length  three  feet  five  and  » 

and  diaphragm  are,  first,  to  cut  off  the  coloured  half  inches. 

rays  that  are  occasioned  by  the  dispersive  The  magnifying  power  of  this  eyepiece,  as  • 
property  of  the  object-lens,  and,  secondly,  to  usually  made,  differs  only  in  a  small  degree 
bring  the  rays  to  a  shorter  conjugate  focus  for  firom  what  would  be  produced  by  using  the 
the  place  of  the  image  than  would  have  taken  first  or  the  fourth  glass  alone,  in  which  case 
place  with  a  single  lens  having  only  one  re-  the  magnifying  power  would  be  somewhat 
fraction.  As  the  seeondaiy  image  is  in  this  greater,  but  the  vision  less  distinct ;  and  were 
way  much  better  defined  and  firee  fromcoloro*  the  lens  next  the  eye  need  alone  without  the 
tion,  the  addition  of  this  second  lens  is  a  great  field-gUss,  the  field  of  view  would  be  much 
improvement  to  vision  For  this  reason,  I  contrag^d.  Stopsshouldbeplaoed  between  the 
am  clearly  of  opinion  that  the  object-glass  of  lenses  A  and  B,  near  to  B,  and  a  larger  one  be- 
a  compound  microscope,  instead  of  consisting  tween  C  and  D,  to  prevent  any  false  light  from 
of  a  %mall  single  lens,  should  be  formed  of  passing  through  the  lenses  to  the  eye.  The 
two  lenses  on  the  principle  now  stated,  which  more  stops  that  are  introduced  into  a  tele- 
would  unquestionably  add  to  the  distinctness  scope— which  should  all  be  blackened — ^pro- 
of vision.  vided  they  do  not  hinder  the  pencils  of  light 
With  respect  to  the  proportions  of  the  proceeding  from  the  object,  the  better  will  the 
foeai  Ungtha  of  the  leniu  in  tins  four  glass  instrument  perform. 

eyepiece,  Mr.  Coddington  states,  that  if  the       For  the  information  of  amateur  constructora 

focal  kngths,  reckoning  from  il  to  A  %  79,  of  telescopes,  I  shall  here  state  the  dimensions 

be  as  the  numbers  3,  4,  4,  and  3,  and  the  of  two  or  three  four  glasaed  eyepieces  in  my 

distances  between  them  on  the  same  scale,  4,  possession,  which  perform  with  great  distinct^ 

6,  and  5,  2,  the  radii,  reckoning  finom  the  ness,  and  present  a  pretty  huge  fieM  of  view, 

outer  surface  of  A,  should  be  thus ;  In  one  of  these,  adapted  to  a  44^  inch  achro- 

i„.    .       -         „-  .  matic,  the  lens.  A,  next  the  object,  is  Ijths 

rirst  suitaoe    il  ^nearly plano-oonvex.  of  an  inch  focal  length  and  about  one  inch 

Second  surfiice    IJ         -^  *-  in  diameter,  with  the  plane  side  next  the  ob- 

^  C  First  Mrface      9?a^„i^..  w     The  focal  length  of  the  lens  B,  2 Xth 

\  Fi^^^Jfe^  I  \  ^^^-^  ^'^^'  tV^J-  of  an  inch,  witTiti 

q\  8u  laca       1  /  Qearly  plano-convex,  plane  side  next  A ;  distance  of  these  lenses 

I  Second  surface  21  J         ^^  from  each  other,  %J^ih  inches;  distance  of 

J>  \  fti     T^    oi  \  double  convex.  the  field4ens  C  fiom  the  lens  B,  H  inches. 

I  Second  surface  24  5  ^^  ^j,  ^^  ^  diaphragm  between  A  and 

Sir  D.  Brewster  states  that  a  good  achro-  J3  is  at  the  focus  of  A,  and  is  about  one-sixth 

itic  eyepiece  may  be  taade  of  four  lenses,  if  of  an  inch  in  diameter,  and  about  three-eighthi 

♦  (843) 
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of  an  inch  from  the  lens  B.    The  field-lens  Description  of  tm  Eyepiece,  4«-,  of  an  oia 

C  is  two  inches  ibcal  lengtii,  and  Hth  of  an  Dutch  Achromalic  Telescope, 
inch  in  diameter,  with  its  plane  side  next  the 

eye.    The  lens  next  the  eye,  Dy  is  one  inch  About  twenty  or  thirty  yean  ago,  I  por- 

focal  distance,  half  an  inch  in  diameter,  and  chased,  in  an  optician's  shop  in  Edinbur^  a 

is  distant  from  the  field^glass  1  jthsof  an  inch,  small  achromatic  telescope,  made  in  Amster- 

with  its  plane  side  next  the  eye.    The  mag-  dam,  Which  was  supposed  by  the  optician  to 

nifying  power  of  this  eyepiece  is  equivalent  haye  been  construt^ed  prior  to  the  invention 

to  that  of  a  single  lens  whose  focal  length  is  of  achromatic  telescopes  by  Mr.  Dollond.    It 

half  an  inch,  and  with  the  44^  inch  object-  ig  mounted  wholly  of  brass,  and  in  all  its  parts 

glass  produces  a  power  of  about  90  times,  is  a  piece  of  beautifiil  and  exquisite  workman* 

The  lens  next  the  eye  can  be  changed  for  ship,  and  the  utmost  care  seems  to  have  been 

another  of  Ifths  of  an  inch  focal  length,  which  taken  to  have  all  the  glasses  and  diaphragms 

produces  a  power  of  65,  and  the  two  glasses  accurately  adjusted.    The  object-glass  is  a 

C  D  can  be  changed  for  another  set  of  a  double  achromatic,  6}  inches  focal  distance 

longer  focal  distance,  which  produces  a  power  and  one  inch  in  diameter,  but  the  clear  aper- 

of  45  times.    The  whole  length  of  this  eye-  tuie  is  only  seven-eighths  of  an  inch  in  di- 

piece  is  1 1^  inches.  ameter.    It  is  perfectly  achromatic  and  would 

In  another  eyepiece,  adapted  to  a  pocket  bear  a  power  of  50  times  if  it  had  a  sufficient 

achromatic,  whose  object-glass  is  nine  inches  quantity  of  light    The  following  inscription 

focal  length,  the  lens  A  is  one  inch  focal  ig  engraved  on  the  tube  adjacent  to  the  ob- 

lengfth  and  half  an  inch  in  diameter;  the  lens  joct-glass:  "  Joti  van  Deyl  en  Zoom,  Invenit 

By  lith  of  an  inch,  and  half  an  inch  in  di-  et  Fecit,  Amsterdam^  Ao,  1769."     Although 

ameter;  their  distance,  1^  inches-;  the  lens  Dollond  exhitited  the  prin<aple.of  anachro- 

C,  1  Ath  of  an  inch  focal  length  and  five-  matic  eight  or  ten  years  before  the  date  here 
eighths  of  an  inch  in  diameter ;  the  eyelens  specified,  yet  it  is  not  improbable  that  the 

D,  five-eighths  of  an  inch  focal  length  and  artist  whoee  name  is  here  stated  may  not 
three-eighths  of  an  inch  in  diameter ;  distance  have  heard  of  DoDond's  invention,  and  that 
between  C  and  D,  l^th  of  an  inch;  the  dis-  he  was  really,  as  he  assumes,  one  of  the  in- 
tance  between  B  and  C,  1  jths  of  an  inch.  Tentois  of  the  achromatic  telescope ;  for  the 
The  whole  length  of  this  eyepiece  is  4^  invention  of  this  telescope  by  Dollond  was 
inches,  and  its  power  is  nearly  equal  to  that  not  very  generally  known,  except  among  phi- 
of  a  single  lens  of  half  or  f^ihs  of  an  inch  losophers  and  the  London  opticians,  till  a 
focal  length,  the  magnifying  power  of  the  number  of  years  after  the  data  above  stated, 
telescope  being  about  16  times.  Another  Euler,  in  his  <' Letters  to  a  German  Princess," 
eyepiece  of  much  larger  dimensions  has  the  in  which  telescopes  are  particularly  described, 
lens  A  of  2i  inches  focal  length  and  three-  makes  no  mention  of,  nor  the  least  allusion 
fourths  of  an  inch  in  diameter;  the  lens  B,  to,  the  invention  of  Dollond,  though  this  was 
2jth  inches  focus  and  five-eighths  of  an  inch  a  subject  wnich  particularly  engaged  his  at- 
in  diameter,  and  their  distance  2}th  inches ;  tention.  Now  these  letters  were  written  in 
the  lens  C,  2gth  inches  focus  and  l^th  of  an  1762,  but  were  not  published  till  1770.  When 
inch  in  diameter:  the  lens  Z>,  Ijths  of  an  alluding  to  the  defects  in  telescopes  arising 
inch  focus  and  three-fourths  of  an  inch  in  from  the  difierent  refrangihility  of  the  rays  of 
diameter ;  distance  from  each  other,  2}th  light,  in  Letter  43,  and  that  they  might  pas- 
inches.  The  distance  between  the  lenses  B  sibly  be  rectified  by  means  of  different  tnns- 
and  C  is  four  inches.  The  magnifying  power  parent  substances,  he  says,  "  But  neither 
is  equal  to  that  of  a  single  lens  l^th  of  an  theoiy  nor  practice  have  hithertx>  been  carried 
inch  focal  distance.-  When  applied  to  an  to  the  degree  of  perfection  necessary  to  the 
achromatic  object-glass  six  feet  seven  inches  execution  of  a  structure  which  diould  remedy 
focal  length,  it  pn^uces  a  power  of  about  70  these  defects."  Mr.  B.  Martin,  in  his  "  Gen- 
times  This  eyepiece  has  a  movable  tube  tleman  and  Lady's  Philosophy,"  published  in 
nine  inches  in  length,  in  which  the  two  lenses  1781,  alludes  to  the  achromatic  telescope,  but 
next  the  eye  are  contained,  by  pulling  out  speaks  of  it  as  if  it  were  but  veiy  little,  if  at 
which,  and  consequently  increasing  the  dis-  all,  superior  to  the  common  refracting  tele- 
tance  between  the  lenses  B  and  C,  the  mag-  scope :  and  therefore  I  think  it  highly  probor 
nifying  power  may  be  increased  to  100,  120,  ble  that  Jan  van  Deyl  was  really  an  inventor 
or  140,  according  to  the  distance  to  which  of  an  achromatic  telescope  before  be  had  any 
this  movable  tube  is  drawn  out  It  has  also  notice  of  what  Dollond  and  others  had  done 
a  second  and  third  set  of  lenses,  correspond-  in  this  way  some  short  time  before. 

ing  to  C  and  D,  of  a  shorter  focal  distance,  But  my  principal  object  in  adverting  to  thk 

which  produce  higher  magnifying  powers  on  telescope  is  to  describe  the  structure  of  the 

a  principle  to  be  afterwards  explained.  eyepiece,  which  is  a  very  fine  one,  and  which 
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if  somewhat  dijQ&rent  from  the  achromatic  scribed,  though  stated  to  be  pIano-conTexe% 
eyepiece  above  described.  It  consists  of  four  are,  for  the  most  part,  crossed  glasses,  that  is, 
glasses,  two  combined  next  the  eye,  and  two  ground  on  tools  of  a  long  focus  on  the  one 
next  the  object,  Each  of  these  combinations  side,  and  to  a  short  focus  on  the  other.  The 
forms  an  astronomical  eyepiece  nearly  similar  construction  of  the  eyepiece  of  the  Dutch 
to  the  Huygenian.  The  lens  A,  next  the  telescope  above  described  is  one  which  mi^t 
object,  fig.  80,  is  five-eighths  of  an  inch  focal   be  adopted  with  a  good  eSad  in  most  of  our 

achromatic  telescopes;  and  I  am  per* 
Fiff.  60.  suaded,  from  the  application  I  have  made 

of  it  to  various  telescopes,  that  it  is  even 
superior  in  distinctness  and   accuracy, 
and  in  the  flatness  of  field  which  it  pro- 
1^  duces,  to  the  eyepiece  in  common  use. 
The    two    astronomical    eyepieces  oi 
which  it  consists,  when  applied  to  large 
achromatic  telescopes,  perform  with  great 
distance,  and  i^thsofan  inch  in  diameter;  the    accuracy,  and  are    excellently  adapted  for 
lens  B,  three^ighths  of  an  inch  focus,  and    celestial  observations^ 
one-fifth  of  an  inch  in  diameter,  and  the  dis- 
tance between  them  somewhat  less  than  five-  , 
eighths  of  an  inch;  the  diameter  of  the  aper- 
ture e  about  ^th  of  an  inch.    This  combinar                             SscTioir  m. 
tion  forms  an  excellent  astronomical  eyepiece, 

with  a  large  flat  field,  and  its  magnifying        Description  of  the  Pancraiie  Eyetube. 
power  is  equivalent  to  that  of  a  single  lens 

five-eighths  or  six-eighths  of  an  inch  focal  From  what  we  have  stated  when  describing 
length.  The  lens  C  is  half  an  inch  focal  the  common  terrestrial  eyepiece  now  applied 
length,  and  ^ths  of  an  inch  m  diameter ;  the  to  achromatic  instruroento  (p.  124,  fig.  79,^ 
lens  D  a  quarter  of  an  inch  focus,  snd  about  it  appears  obvious  that  any  variety  of  magni- 
one-fifth  of  an  inch  in  diameter ;  tlieir  dis-  iyinsr  powers,  within  certain  limits,  may  be 
tanoe  about  half  an  inch,  or  a  small  fraction  obtained  by  removing  the  set  of  lenses  C  Z>, 
more.  The  hole  at  </  is  about  J^^th  or  ^th  of  fig.  79,  nearer  to  or  further  firom  the  tube 
an  inch  in  diameter,  and  the  distance  between  which  contains  the  lenses  A  and  B,  on  the 
the  lenses  B  and  C  about  1^  inches.  The  same  principle  as  the  magnifying  power  of  a 
whole  length  of  the  eyepiece  is  3^th  inches —  compound  microscope  is  increased  by  remov- 
exactly  the  same  size  as  represented  in  the  ing  the  eyeglasses  to  a  greater  distance  from 
engraving.  Its  magnifying  power  is  equal  to  the  object^lens.  If,  then,  the  pair  of  eye- 
that  of  a  single  lens  one-fourth  of  an  inch  lenses  C  i>  be  attached  to  an  inner  tube  that 
focal  length ;  and  consequently  the  telescope,  will  draw  out  and  increase  their  distance  from 
though  only  9^  inches  long,  magnifies  twen-  the  inner  pair  of  lenses,  as  the  tube  ab  c  d, 
ty-stx  times  with  great  distinctness,  though  the  magnifying  power  may  be  indefinitely  in- 
thero  is  a  little  defidency  of  light  when  view-  creased  or  diminished  by  pushing  in  or  draw- 
ing land  objects  which  are  not  well  illu-  ing  out  the  sliding  tube,  and  a  scale  might  be 
minated.  placed  on  this  tube,  which,  if  divided  into 

The  glasses  of  this  telescope  are  all  piano-  equal  intervals,  will  be  a  scale  of  magnifying 
convex,  with  their  convex  sides  towaids  the  powers,  by  which  the  power  of  the  telescope 
object,  except  the  lens  D,  which  is  double  will  be  seen  at  every  division,  when  the  lowest 
convex,  but  flattest  on  the  side  next  the  eye,  power  is  once  determined. 
and  they  are  all  very  accurately  finished.  The  Sir  David  Brewster,  in  his  **  Treatise  on 
two  lenses  C  and  D  form  an  astronomical  New  Philosophical  Instruments,"  Book  I. 
eyepiece  nearly  similar  to  that  formed  by  the  chap.  vii.  page  59,  published  in  1813,  has  ad- 
Icnses  A  and  B.  The  focus  of  the  telescope  verted  to  this  circumstance  in  his  description 
is  adjusted  by  a  screw,  the  threads  of  which  of  an  "  Eyepiece  Wire  Micrometer,"  and 
are  formed  upon  the  outside  of  a  tube  into  complains  of  Mr.  EzckicI  Walker  having  in 
which  the  eyepiece  slides.  The  eyepiece  and  the  "  Philosophical  Magazine"  for  August, 
apparatus  connected  with  it  is  screwed  into  1811,  described  such  an  instrument  as  an  in- 
the  inside  of  the  main  tube  when  not  in  use,  vention  of  his  own.  Dr.  Kitchener  some 
when  the  instrument  forms  a  compact  brass  years  afterward  described  what  he  called  a 
cylinder  six  inches  long,  which  is  inclosed  in  Pancratic  or  omnipotent  eyepiece,  and  got  one 
a  fish-skin  case,  lined  with  silk  velvet,  which  made  by  DoUond,  with  a  few  modifications 
opens  with  hinges.  different  from  that  suggested  by  Brewster  and 

The  lenses  in  the  eyepieces  formerly  de-   Walker,  which  were  little  else  than  cutting 
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the  angle  tube  into  ferenl  ptrt^  and  giving 
it  the  appeartxnee  of  a  new  invention.  In 
^aot,  none  of  these  gentlemen  had  a  right  to 
daim  it  aa  his  peculiar  invention,  aa  the  prin- 
ciple was  known  and  recognized  long  bdore. 
I  had  increaaed  the  magnifying'  powen  of 
tekacopea  on  the  same  principle  aeveral  yean 
before  any  of  these  gentlemen  communicated 
their  views  on  the  subject,  although  I  never 
Ibrmerly  constructed  a  scale  of  powers.  Mr. 
B.  Martin,  who  died  in  1783,  proposed,  many 
years  before,  such  a  movable  interior  tube  as 
that  alluded  to  for  vaiying  the  magnifying 
power. 

f  In  order  to  give  the  reader  a  more  specific 
idea  of  this  contrivance,  I  shall  present  him 
with  a  figure  and  description  of  one  of  Dr. 
Kitchener's  pancratic  eyepieces,  copied  from 
one  Utely  in  my  possession.  The  following 
are  the  exact  dimensions  of  this  instrument, 
with  the  focal  distances,  dec.,  of  the  glasses, 

dec,  of  which  it  is  composed. 

In.  T«bUii. 

Length  of  the  whole  eyepiece, 
consisting  of  four  tubes,  when  fiilly 
drawn  out,  or  the  distance  firom  A 
to  ^,  fig.  81        .        .        .        .  U      4 

Len|^  of  the  three  tubes  on 
which  the  scale  is  engraved,  fix>m 
the  commencement  of  the  divisions 
at  B  to  their  termination  at  C     .    9     16 

Each  division  into  tens  is  equal 
to  S^iOths  of  an  inch. 

When  the  three  inner  tubes  are 
shut  up  to  C,  the  length  of  the 
eyepiece  is  exactly       .        •        .56 

When  these  tubes  are  thus  shut 
up,  the  magnifying  power  for  a  3  J 
feet  achromatic  is  100  times,  which 
is  the  amallest  power.  When  the 
inner  tuue  is  drawn  out  one*third 
of  an  inch,  or  to  the  first  division, 
the  power  is  110,  dec 
Focal  distance  of  the  lens  next  the 

object 10 

Breadth  of  ditto  .        .        .    0     66 

The  plane  side  of  this  glass  is  next 

the  object 

Focal  distance  of  the  second 
glass  from  the  object   •        .        .16 

Thn  glaas  is  double  and  equally 
eonvez.' 


In.  Tentks 

Breadth  ,06 

Distance  between  these  two  gtasses    1      7 

Focal  distance  of  the  third  or 
field  lens,  which  is  plane  on  the 
side  next  the  eye         .        .        .11 
Beadth  of  ditto  .        .        .        .    0    65 
Focal  distance  of  the  lens  next  the 

eye 0       6 

Breadth 0     43 

This  glass  is  plane  on  the  side  next 

the  eye. 
Distance  between  the  third  and 

fourth  glasses  .        .        .11 

From  the  figure  and  description,  the  reader 
will  be  at  no  loss  to  peroeive  how  the  magni- 
fying power  is  ascertained  by  this  eyepiece. 
If  the  lowest  power  for  a  44  inch  telnoope 
be  found  to  be  100  when  the  three  elidiiig 
tubes  are  shut  into  the  larger  one,  then  by 
drawing  out  the  tube  next  the  eye  four  divi- 
sions, a  power  of  140  is  produced ;  by  draw- 
ing out  the  tube  next  the  eye  its  whole  length, 
and  the  second  tube  to  the  division  maiked 
220,  a  power  of  220  times  is  produced;  and 
drawing  out  all  the  tubes  to  their  utmuost  ex- 
tent, as  represented  in  the  figure,  a  power  of 
400  is  obtained.  These  powere  are  by,  for 
too  high  for  such  a  telescope,  as  the  powers 
between  300  and  400  can  seldom  or  never  be 
used.  Were  the  scak  to  begin  at  60  and  tei^ 
ndnate  at  200,  it  would  be  much  better 
adapted  to  a  3^  feet  telescope.  Each  altei»> 
tion  of  the  magnifying  power  r<Miuires  a  new 
adjustment  of  the  eyepieoe  for  distinct  vision. 
As  the  magnifying  power  is  increased,  the 
distance  between  the  eyeglass  and  the  objecu 
glaas  must  be  diminished.  Dr.  Kitchener 
says  that  «the  pancratic  eye-tube  gives  a 
better  defined  image  of  a  fixed  star,  and  ahows 
double  Stan  decidedly  more  distinct  and  pei^ 
fectly  separated,  than  any  other  eyetube,  and 
that  such  tubes  will  probably  enable  us  to  de- 
termine the  distances  of  these  objects  from 
each  other  in  a  more  perfect  manner  than  has 
been  possible  heretofore."  These  tubes  are 
made  by  Dollond,  London,  and  are  sold  for 
two  guineas  each ;  but  I  do  not  think  they 
excel  in  distinctness  those  which  are  occa- 
sionally made  by  Mr.  TuUey  aiul  other  ofH 
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CHAPTER  VI. 

Miseellaneotu  Bemarh  in  JUiation  to  Ttkuope$. 

Tai  following  remarks,  chiefly  in  regard  nghted,  require  the  eyetabe  to  be  pushed  in, 

to  the  manner  of  using  telescopes,  may  per*  and  those  whdse  eyes  are  somewhat  flattened, 

haps  be  useful  to  young  observers,  who  are  as  old  people,  require  the  tube  to  be  drawn 

not  much  accustomed  to  the  mode  oif  manag-  out    Indeed,  there  are  scarcely  two  persons 

ing  these  instruments.  whose  eyes  do  not  require  diflferent  adjust- 

1.  Adjustmenta  requitite  to  he  attended  to  ments  in  a  slight  degree.  In  some  cases  I 
in  the  use  of  Tilescopet^ — When  near  ob-  have  found  that  the  diSferenoe  of  adjustment 
jects  are  viewed  with  a  considerable  magni-  for  two  individuals,  in  order  to  produce  dis- 
cing power,  the  eyetube  requires  to  be  tinct  vision  in  each,  amounted  to  nearly  half 
removed  further  firom  the  objectpglass  than  an  inch.  Hence  the  difficulty  of  exhibiting 
when  very  distant  objects  are  contemplated,  the  sun,  moon,  and  planets  through  telescopes, 
When  the  telescope  is  adjusted  for  an  object  and  even  terrestrial  objects,  to  a  oompary  of 
6,  8,  or  10  miles  distant,  a  very  considerable  persons  who  are  unacquainted  with  the  mode 
alteration  in  the  adjustment  is  requisite  in  of  using  or  adjusting  such  instruments,  not 
order  to  see  distinctly  an  object  at  the  dis-  one-half  of  whom  generally  see  the  object 
tance  of  two  or  three  hundred  yards,  eepe-  distinctly ;  for  upon  the  proper  adjustment  of 
ciaUy  if  the  instrument  is  fumiBhed  with  a  a  telescope  to  the  eye,  the  accuracy  of  vision 
high  magnifying  power.  In  this  last  case,  in  all  cases  depends,  and  no  one  except  the 
the  eyetube  requires  to  be  drawn  out  to  a  individual  actually  looking  through  the  in- 
considerable distance  beyond  the  focus  for  strument  can  be  certain  that  it  is  accurately 
parallel  rays.  I  have  found  that,  in  a  tele-  adjusted  to  his  eye ;  and  even  the  individual 
scope  which  magnifies  70  times,  when  ad-  himself  firom  not  being  accustomed  to  the 
justed  for  an  object  at  the  distance  of  two  view  of  certain  objects,  may  be  uncertain 
miles,  the  adjustment  requires  to  be  altered  whether  or  not  the  adjustment  be  correct.  I 
fully  one  inch  in  order  to  perceive  distinctly  have  found  by  experience  that  when  the 
an  object  at  the  distance  of  two  or  three  hun-  magnifying  powers  are  hig^,  as  160  or  200, 
dred  yards ;  that  is,  the  tube  must  bo  drawn,  the  difference  of  adjustment  required  for  di^ 
in  this  case,  an  inch  further  from  the  object-  forent  eyes  is  very  slight;  but  when  low 
glass,  and  pushed  in  the  same  extent,  when  powen  are  used,  as  30,  80,  or  40,  the  di&r- 
we  wish  to  view  an  object  at  the  distance  of  ence  of  the  requisite  adjustmenta  is  sometimes 
two  or  three  miles.  These  adjustmenta  are  veiy  considerable,  amounting  to  a  quarter  or 
made,  in  pocket  perspectives,  by  gently  sliding  half  an  inch. 

the  eyetube  in  or  out,  by  giving  it  a  gentle  2.  State  of  the  Aimotpheretnort  proper  for 
circular  or  spiral  motion,  Ull  the  object  appear  observing  Ttrrestrial  and  Celeetial  Obfeeie. 
distinct.  In  using  telescopes  which  are  held  — ^The  atmoephere  which  is  thrown  around  the 
in  the  hand,  the  best  plan  is  to  draw  all  the  globe,  while  it  is  essentially  requisite  to  the 
tubes  out  to  their  full  length,  and  then,  look-  physical  constitution  of  our  work!,  and  the 
ing  at  the  object,  with  the  left  hand  support-  comfort  of  ito  inhabitants,  is  found  in  many 
ing  the  main  tube  near  the  object-glass,  and  instances  a  serious  obstruction  to  the  accurate 
the  right  supporting  the  eyetube,  gently  and  performance  of  telescopes.  Sometimes  it  is 
gradually  push  in  the  eyepiece  till  distinct  obscured  by  mista  and  exhalations ;  sometimes 
vision  be  obtained.  In  Gregorian  reflecting  it  is  thrown  into  violent  undulations  by  the 
tel^'scopes  this  adjustment  is  made  by  means  heat  of  the  sun  and  the  process  of  evaporation ; 
of  a  screw  connected  with  the  small  specu-  and  even,  in  certain  oases,  where  there  appears 
lum ;  and  in  large  achromatics,  by  means  of  a  pure  unclouded  azure,  there  is  an  agitation 
a  rack  and  pinion  connected  with  Uie  eyetube.  among  ita  particles  and  the  substances  incor- 
Wbcn  the  magnifying  power  of  a  telescope  porated  with  them  wliicb  preventa  the  tele- 
is  comparatively  small,  the  eyetube  requires  acope  from  producing  distinct  vision  either  of 
to  be  altered  only  a  very  little.  terrestrial  or  celestial  ol^ts.    For  viewing 

There  is  another  adjustment  requisite  to  distant  terrestrial  objects,  especially  with  high 

be  attended  to  in  order  to  adapt  the  telescope  powers,  the  best  time  is  early  in  the  morning, 

to  the  eyes    of   different  persons.     Those  a  little  after  sunrise,  and  from  that  period  tiU 

whose  eyes  are  too  convex,  or  who  are  short-  abqut  nine  o'clock,  a  jc.  in  summer,  and  in  ths 
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evening  about  two  or  three  honrv  before  eun-  who  has  not  been  aceostomed  to  afltmaainiesi 
set.  From  about  ten  oVlock.  a.v.  till  four  or  observations  to  Ibrm  a  conception  of  the  very 
five  in  the  afternoon,  in  summer,  if  the  sky  be  great  difierence  there  is  in  the  appearance  of 
clear  and  the  snn  shining,  there  is  generally  a  some  of  the  heavenly  bodies  in  difierent  states 
considerable  undulation  in  the  atmoi^here,  of  the  atmosphere.  There  are  certain  oondi- 
occasioned  by  the  solar  rays  and  the  rapid  tions  of  the  atmosphere  essentially  requisite 
evaporation,  which  prevents  high  powers  firom  for  making  accuxate  observations  with  powei 
being  used  with  distinctness  on  any  telescope,  ful  telescopes,  and  it  is  but  seldom,  ei^>edaUy 
however  excellent  The  objects  at  such  times,  in  our  climate,  that  all  the  favourable  circnm* 
when  powers  of  dO,  70,  or  100  axe  applied^  stances  concur.  The  nights  roust  be  veiy 
appear  to  undulate  like  the  waves  of  the  sea,  clear  and  serene — the  moon  absent — ^no  twi- 
and,  notwithstanding  every  efibrt  to  adjust  the  light — no  haziness — no  violent  wind— no 
telescope,  they  appear  confused  and  indistinct,  sudden  change  of  temperature,  as  from  thaw 
Even  with  very  moderate  magnifying  powers  to  frost — and  no  surcharge  of  the  atmosphere 
this  imperfection  is  perceptible.  In  such  cir-  with  aqueous  vapour.  I  have  frequently  found 
comstanoes,  I  have  sometimes  used  a  power  that,  on  the  first  and  second  nights  after  a 
of  200  times  on  distant  land  objects  with  good  thaw,  when  a  strong  frost  had  set  in,  and  wbeo 
efiect  a  little  before  sunset,  when,  in  the  fore-  the  heavens  appeared  very  brilliant,  and  the 
noon  of  the  same  day,  I  could  not  have  ap-  stars  vivid  and  sparkling,  the  planets,  when 
plied  a  power  of  50  with  any  degree  of  du-  viewed  with  high  powers,  appeared  remaik- 
tinctness.  On  days  when  the  air  is  clear  and  ably  undefined  and  indistinct ;  their  margins 
the  atmosphere  covered  with  clouds,  terrestrial  appeared  waving  and  jagged ;  and  the  belts 
objects  may  be  viewed  with  considerably  high  of  Jupiter,  which  at  other  times  were  remark- 
powers.  When  there  has  been  a  long  con-  ably  distinct,  were  so  obscured  and  ill  defined 
tinned  drought,  the  atmosphere  is  then  in  a  that  they  could  with  difiKculty  be  traced.  This 
very  tmfit  state  for  enjoying  distinct  vision  was  probably  owing  to  the  quantity  of  aque- 
with  high  magnifying  powers,  on  account  of  ous  vapour,  and  perhaps  icy  particles,  then 
the  quantity  of  vapours  with  which  the  atmo-  floating  in  the  air,  and  to  the  midulations 
sphere  is  then  surcharged,  and  the  undula-  thereby  produced.  When  a  hard  frost  has 
tions  they  produce.  But,  after  copious  ^ow-  continued  a  considerable  time,  this  impedi- 
ers  of  rain,  especially  if  accompanied  with  high  ment  to  distinct  observation  is  in  a  great  mea- 
winds,  the  air  is  purified,  and  distant  objects  sure  removed.  But  I  have  never  enjoyed 
appear  with  greater  brilliancy  and  distinct-  more  accurate  and  distinct  views  of  the  bea- 
ness  than  at  any  other  seasons.  In  using  venly  bodies  than  in  ffC9.b,  serene  evenings, 
telesoopes,  the  objects  at  which  we  look  should,  when  there  was  no  firost  and  no  wind,  and 
if  possible,  be  nearly  in  a  direction  opposite  to  only  a  few  fleecy  clouds  occasionally  hoverixig 
thatof  tbesurL  When  they  are  viewed  nearly  around.  On  such  evenings,  and  on  such  alone, 
*n  the  direction  of  the  sun,  their  shadows  are  the  highest  powera  may  be  applied.  I  have 
tamed  towards  us,  and  they  consequently  ap-  used  magnifying  powers  on  such  occasions 
pear  dim  and  obscure.  By  not  attending  to  with  good  effect  which  could  not  have  been 
this  circumstance,  some  perK>ns,  in  trying  applied,  so  as  to  insure  distinct  vision,  mora 
telescopes,  have  pronounced  a  good  instrument  frequently  than  two  or  three  days  in  the  course 
to  be  imperfect,  which,  had  it  been  tried  on  of  a  year. 

objects  properly  illuminated,  would  have  been  Sir  William  Herscfael  has  observed,  in  re- 

found  to  be  excellent.    In  our  variable  north-  ference  to  this  pmnt,  "  In  beautiful  nights, 

erly  climate  the  atmosphere  is  not  so  clear  and  when  the  outside  of  our  telescopes  is  dropping 

serene  for  telescopic  observation  as  in  Italy,  with   moisture,  discharged  from   the  atmo- 

the  south  of  France,  and  in  many  of  the  ooun-  sphere,  there  are  now  and  then  favourable 

tries  which  lie  within  the  tropics.    The  undu-  houra  in  which  it  is  hardly  poasible  to  put  a 

iations  of  the  air,  owing  to  Uie  causes  alluded  limit  to  the  magnifying  powera ;  but  ssoch. 

to  above,  constitute  one  of  ihe  principal  rea-  valuable  opportunities  are  extremely  scarce, 

ftons  why  a  telescope  magnifying  above  a  bun-  and  with  large  instruments  it  will  always  be 

drcd  times  can  seldom  be  used  with  any  good  lost  labour  to  observe  at  other  times.  In  onler, 

effect  in  viewing  terrestrial  objects,  though  I  therefore,  to  calculate  how  long  a  time  it  muit 

have  sometimes  used  a  power  of  nearly  300  take  to  sweep  the  heavens,  as  far  as  they  ana 

with  considerable  distinctness  in  the  stUlness  within  the  reach  of  my  forty-feet  tclempe, 

of  a  summer  or  autumnal  evening,  when  the  charged  with  a  magnifying  power  of  1000, 1 

rays  of  the  declining  sun  strongly  illuminated  I  have  bad  recourse  to  my  journals  to  find 

distant  objects.  how  many  favourable  houra  we  may  annually 

The  atmosphere  is  likewise  frequently  a  hope  for  in  this  climate;  and,  under  all  favouiw 

great  obstruction  to  the  distinct  perception  of  able  circumstances,  it  appean   that  a  year 

eelutial  objects.   It  is  scarcely  possible  for  one  which  will  afford  ninety,  or,  at  most,  one  hi*B 
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dred  kour$f  is  to  be  called  very  productive.''  condemned,  when  tried  at  improper 
**  In  the  eqoator,  with  my  twenty-feet  tele-  when  the  atmosphere  only  is  in  &ult  A  oer- 
scope,  I  have  swept  over  zones  of  two  degrees  tain  observer  remarks,  **  I  have  never  seen  the 
with  a  power  of  157,  but  an  allowance  of  ten  face  of  Saturn  more  distinctly  than  in  a  night 
minutes  in  polar  distance  most  be  made  for  when  the  air  has  been  so  hazy  that  with  my 
lapping  the  sweeps  over  one  another  where  naked  eye  I  could  hardly  discern  a  star  of  less 
ihey  join.  As  the  breadth  of  the  zones  may  than  the  third  magnitude."  The  .degree  of 
be  increased  towards  the  poles,  the  noithem  the  transparency  of  the  air  is  likewise  varying 
hemisphere  may  be  swept  in  about  40  zones ;  almost  in  the  course  of  every  minute^  so  that 
to  these  we  must  add  19  southern  zones;  then  even  in  the  course  of  the  same  half  hour 
59  zones,  which,  on  account  of  the  sweeps  planets  and  stars  will  appear  perfectly  defined, 
lapping  over  one  another  about  five  minutes  and  the  reverse.  The  vapours  moving  and 
of  time  in  right  ascension,  we  must  reckon  «of  undulating  the  atmosphere,  even  when  the 
25  hours  each,  will  give  1475  hours ;  and  al-  sky  appears  clear  to  the  naked  eye,  will  in  a 
lowing  100  hours  per  year,  we  find  that  with  few  instants  destroy  the  distinctness  of  vision, 
the  twenty-feet  telescope  the  heavens  may  be  and  in  a  few  seconds  more  the  object  will  re- 
swept  in  about  fourteen  years  and  three  quar-  sume  its  clear  and  well-defined  aspect "f 
ters.  Now  the  time  of  sweeping  with  differ-  3.  On  the  magnifying  Powers  regumte 
ent  magnifying  powers  will  be  as  the  squares  for  observing  the  Phenomena  of  the  different 
of  the  powers ;  and  putting  p  and  /  for  the  Planets^  Comets,  double  Stars,  ^c, — There 
power  and  time  in  the  twenty-feet  telescope,  are  some  objects  connected  with  astronomy 
and  P'^IOOO  for  the  power  in  the  forty-feet  which  cannot  be  perceived  without  having 
instrument,  we  shall  have  p*  :  t : :  P* :  *^—  recourse  to  instruments  and  to  powers  of  great 
59840.  Then,  making  the  same  allowanci  for  magnitude ;  but  it  is  a  vulgar  error  to  imagine 
100hoursperyear,itappearsthatitwillrequire  *^*'7f7  T  *°d  very  expensive  telescopes 
not  less  thkn  598  yeai  tolook  with  the  forty-  *«  absolutely  neces«ip  for  viewmg  the  greater 

feet  reflector.char^  with  the  above-mention-  f^  ^^  ^""J^  fT"^^  """"""^   f  t^ 

J  ,_     °    •     , ^L  i  A u  heavens.     Most  of  the  phenomena  of  the 

ed  power,  only  one  smgte  moment  into  each     ,      .  *     j    vi    J^  j    *i-       u 

■  '^^    tf  j*u        ^       .  x.     e  planets,  comets,  double  stars,  and  other  ob- 

pomt  of  space ;  and  even  then,  so  much  ot  K    .  ^      .  .,  r*    ...  . .  *     r      i     * 

fu  *u        u     •    u       _-^ii  •-  iccts,  are  visible  with  instruments  of  moderate 

the  southern  hemisphere  will  remam  unex-  i-         -  *u  *       —  u   u  i-  u 

I      J         Ml  *  1      *^  010 4.     -  dimensions,  so  that  every  one  who  has  a  relish 

ploted  _M  will  teke  up  813  yean  more  to  ei-  ^^  ^^  bvertigatiois  may.  at  a  oompara. 

From  the  aboTe  remarks  of  ao  eminent  an  ti'«'y  «°f  ^S^Tr^^^K'-^jT^  .f 

obaerrer,  the  reader  wiU  perceive  how  difficult  "=?«»?°7»  °^"^^,°»*  "'''^  f* '  *r  ,'^« 

U  i.  to  explore  the  heavima  with  minutenea.  P"1f  P^  *J^  ""'  phenomena  de«:nbed  m 

and  aocuricy,  and  with  how  many  disappoint-  ^  ?"  Mttonomy.    Many  peraon.  have 

menta,  »iaing  from  the  Mate  of  the  atmo^ere.  ^J^  ^l  "P™  fr^"?^  «"«*'  "^^ 

^.        *, °  *  I      U--  *      u  Sir  W.  Herschel  made,  m  reference  to  certain 

the  astronomer  must  lay  his  account,  when  ,.,  x,'  u  i,  *•  ^l 

wi      J  •       1      ♦  —         •  I  -^-1  :  JI^  *:—  very  high  powers  which  he  sometimes  put,  by 
employed  in  planetary  or  sidereal  investiga-        ^    T    '^ .       .  ri.-*! 

^   *^   ■'x,    .  J  *^.,       . ji       . ^      .   ® ,  way  of  experiment,  on  some  of  his  telescopes, 

tion.    Besides  the  circumstances  now  stated,        /- .,     J^  _  ., •  -4   r      • 

it  oiicrht  to  be  noticed  that  a  star  or  a  olanet  "  *^  ^^^  ^®"  ^^  P*^®"  requwite  for  view- 

it  ought  to  be  noticed  that  a  star  or  a  pto?et  .      ^^^  ^^^^^  ^  ^^^  ^  ^^    p^  ^^^ 

IS  only  m  a  situation  for  a  high  magnifymg      »       .   /       ^  ^     , 

power  about  half  the  time  it  is  above  the  hori-  ^f^^l^ !?  ^^   w  ZJ^^JIJ^JH 

nrnu    J      •*-    r  *k     *     ^u  ^      j  au  O'  6450  times  On  his  seven-feet  Newtonian 

zon.    The  denaty  of  the  atmojj.he™  «ad  the  ^  j^^      ^        ^    ^^^  ^i, 

quantity  of  vapours  wim  which  it  is  charged  _         i    £_  *l"  r  L.-:,^    * 

Sear  the  hori^n.  prevent  distinct  vision  of  ""^  »">{, ^  »«  P"T<«?  f  •»  V^^^h 

celestial  objed.  with  high  powers  till  they  have  f^f  ~"'"J  be  of  no  use  whatever  when  apphed 

risen  to  at  least  16  or  80  degrees  in  altitude,  ^  the  moon,  the  planet^  ^d  most  objecto  m 

and  the  highest  magnifiers  «i  scarcely  be  «^  "^  ^"f^.    ^'jf"^  ^<^  ^1^*?° 

plied  with  good  efifetunle«.  the  object  is  nelr  ?«!"  °L5"..  T^"^  ^  ?k    T^^ 

{be  meridiiirand  at  a  considerrfJe  elevation  *"»""»  "^  ?  ''^'  ?.T^  °°  ^^"^^ 

rfK>ve  the  hc^riion.    If  the  moon  be  viewed  a  a  Lyra  and  y  Leonia,  which  stars  can  be  seen 

little  after  her  rising,  and  afterward  when  she       .  ,       ^      ,  ,.,.,,  ..    .^ 

^^^^  *  *  k-».  ui^\*S*    i«-»^.«»  ;«  o.«*iin%»  ♦!%«       +  ^^  using  telescopos  wltbin  doorB,  care  sbonld 

comes  to  her  highest  elevation  m  autumn,  the  generally  b5  ukcn  that  tbere  be  no  nres  in  the 

difterence  m  her  appearance  and  distinctness  spartment  where  they  are  placed  for  obeervaiion, 

will  be  strikingly  perceptible.     It  is  impossi-  »n«l  «h*i  **»•  air  within  be  nearly  of  the  tame  »cm. 

ble  to  gu«-  whethVr  a  night  be  well  adapted  JJ^ST  t^  i?5,efoo:!  ^^IT^SS^l^'i':!^. 

for  celestial  observations  till  we  actually  make  when  the  windows  are  opened  there  will  be  a  cur 

Che  experiment,  and  instruments  are  fifeqoently  rent  of  cold  rushing  in.  and  of  heated  rashlng  ont 

^  ^  -i         'f  which  will  produce  such  an  undulation  and  tre- 

*  Philosophiea]  Transactions  for  1800,  vol.  xc.  muloas  motion  ae  will  prevent  any  celestial  ob- 

pw  80,  itc.  ject  firom  being  distinctly  seen. 
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more  distinctly  and  sharply  defined  with  a  nearly  the  same  description  to  the  iMt&  of  it, 

power  of  420.    To  produce  a  power  of  6450  and  one  about  his  north  and  his  south  polar 

on  such  a  telescope  would  require  a  lens  of  circles.  These  polar  belts  axe  much  more  fiunt 

only  i|l,f  th  of  an  inch  in  focal  distance ;  and  it  and,  consequently,  not  so  easily  distinguished 

is  questioned  by  some  whether  Herschel  had  as  the  equatorial  belts.     The  mooru  of  this 

lenses  of  so  small  a  size  in  his  possession,  or  planet,  in  a  very  clear  night,  may  sometimes 

whether  it  is  possible  to  form  them  with  ao-  be  seen  with  a  pocket  one-foot  achrcwnatic 

curacy.  glass,  magnifying  about  15  or  16  times.  Some 

Powers  requisite  for  observing  the  Pheno^  people  have  pretended  that  they  could  see  some 
mena  of  the  Planets. — ^The  planet  Mercury  of  these  satellites  with  their  naked  eye ;  but 
requires  a  considerable  magnifying  power  ia  this  is  very  doubtful,  and  it  is  probable  that 
order  to  perceive  its  phases  with  distinctness,  such  persons  mistook  certain  fixed  stars  which 
I  have  seldom  viewed  this  planet  with  a  less  happened  to  be  near  Jupter  £)r  his  satellites, 
power  than  100  and  150,  with  which  powers  But,  in  order  to  have  a  clear  and  interesting 
its  half  moon,  its  gibbous,  and  its  crescent  view  of  these,  powers  of  at  least  80  or  100 
phase  may  be  distinctly  perceived.  With  a  times  should  be  used.  In  order  to  peroeivs 
power  of  40,  50,  or  even  60  times,  these  their  immersions  into  the  shadow  of  Jupiter, 
phases  can  with  difficulty  be  seen,  especially  and  the  exact  moment  of  their  emersions  from 
as  it  is  generally  at  a  low  altitude  when  su^  it,  a  telescope  not  less  than  a  44  inch  achio- 
observations  are  made.  The  phases  of  Venus  matic,  with  a  power  of  150,  should  be  em- 
are  much  more  easily  distinguished,  espe-  ployed.  When  these  satellites  aie  viewed 
daily  the  crescent  phase,  which  is  seen  to  the  through  large  telescopes  with  high  magnifying 
greatest  advantage  about  a  month  before  and  powers,  they  appear  with  well^fiiied  duics, 
afler  the  inferior  conjunction.  With  a  power  like  small  planets.  The  planet  Jupiter  has 
not  exceeding  25  or  90  times,  this  phase,  at  generally  been  considered  as  a  gooid  test  bj 
such  periods,  may  be  easily  perceived.  It  re-  which  to  tiy  telescopes  for  celestial  purposu. 
quires,  however,  much  higher  powers  to  per-  When  it  is  near  the  meridian  9nd  at  a  high 
ceive  distinctly  the  variations  of  the  gibbous  altitude,  if  its  general  surface,  its  belts,  and  its 
phase ;  and  if  this  planet  be  not  viewed  at  a  margin  appear  distinct  and  well  defined,  it 
considerably  hig^  altitude  when  in  a  half-  forms  a  strong  presumptive,  evidence  that  die 
moon  or  gibbous  phase,  the  obscurity  and  un-  instrument  is  a  good  one. 
dulaiions  of  the  atmosphere  near  the  horizon  The  planet  Saturn  forms  one  of  the  most 
prevent  such  phases  from  being  accurately  interesting  objects  for  teleso^iic  observation, 
distinguished,  even  when  high  powers  are  ap-  The  ring  of  Saturn  may  be  seen  with  a  power 
plied.  Although  certain  phenomena  of  the  of  45 ;  but  it  can  only  be  contemplated  with 
planets  may  be  seen  with  such  low  powers  as  advantage  when  powers  of  100, 150,  and  300 
I  have  now  stated,  yet  in  every  instance  the  are  applied  to  a  three  or  a  five  feet  ax^romatic. 
highest  magnifying  powers  consistent  with  The  beits  of  Saturn  are  not  to  be  seen  di»> 
distinctness  should  be  preferred,  as  the  eye  is  tinctly  with  an  achronuitic  of  less  than  Sjtii 
not  then  strained,  and  the  object  appears  with  inches  aperture,  or  a  Gregorian  lefiector  of 
a  greater  degree  of  magnitude  and  splendour.  less  than  four  inches  aperture,  nor  with  a  less 
The  planet  Mars  requires  a  considerable  de-  magnifying  power  than  100  times.  ^  W. 
gree  of  magnifying  power,  even  when  at  its  Herschel  has  drawn  this  planet  with  fire  belts 
nearest  dbtance  firom  the  earth,  in  order  to  across  its  disk ;  but  it  is  seldom  that  above  one 
discern  its  spots  and  its  gibbous  phase.  I  or  two  of  them  can  be  seen  by  moderate-ozed 
have  never  obtained  a  satisfactory  view  of  the  telescopes  and  common  observers.  The  di" 
spots  which  mark  the  surface,  and  their  rela-  vision  of  the  double  ring,  when  the  i^anet  is 
tive  position,  with  a  less  power  than  180, 160,  in  a  favourable  position  for  observation,  and 
or  200  times;  and  even  with  such  powers,  in  a  high  altitude,  may  sometimes  be  pef^ 
persons  not  much  accustomed  to  look  through  ceived  with  a  44  inch  achromatic,  with  an 
telescopes  find  a  difficulty  in  distinguishmg  aperture  of  2jth  inches,  and  with  powers  of 
them.  150  or  180;  but  higher  powers  and  larger 

The  strongest  and  most  prominent  beits  of  instruments  are  generally  requisite  to  pezveive 

Jupiter  may  be  seen  with  a  power  of  about  this  phenomenon  distinctly ;  and  even  when 

45,  which  power  may  be  put  upon  a  twenty-  a  portion  of  it  is  seen  at  the  extremities  of  tfas 

inch  achromatic  or  a  one-foot  reflector ;  but  a  anses,  the  division  cannot,  in  eveiy  case,  be 

satis&ctory  view  of  all  the  belts,  and  the  re-  traced  along  the  whole  of  the  half<innimfeiw 

lative  positions  they  occupy,  cannot  be  ob-  ence  of  the  ring  which  is  presented  to  our 

tained  with  much  lower  powers  than  80, 100,  eye.    Mr.  Hadley's  engraving  of  Satom,  i« 

or  140.   The  most  common  positions  of  these  the  "Philosophical  Transactions''  for  1723, 

belts  are,  one  dark  and  well-defined  belt  to  though  taken  with  a  Newtonian  reflector  with 

the  south  of  Jupiter's  equator ;  another  of  a  power  of  228,  lepieeents  the  division  of  ttM 
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riag  9M  seen  ooly  on  the  ansa  or  extremities  by  the  king's  or^er,  after  the  discoveiy  of  the 
of  the  elliptic  figure  in  .which  the  ring  ap-  third  and  fifth  satellites.  It  is  asserted,  how- 
pears.  The  oeet  period  for  observing  ttus  di-  ever,  that  all  those  five  satellites  were  aflcr- 
vision  is  when  the  ring  appears  at  its  utmost  ward  seen  with  a  telescope  of  34  feet,  with 
width.  In  this  position  it  was  seen  in  1840,  an  aperture  of  -j'^th  inches,  which  would 
and  it  will  appear  nearly  m  the  same  position  in  magnify  about  120  times.  These  satellites, 
1855.  When  the  ring  appears  like  a  very  nar-  on  the  whole,  except  the  fourth  and  fifth,  are 
row  ellipse  a  short  time  previous  to  its  disappear-  not  easily  detected.  Dr.  Derham,  who  fre- 
ance,  the  division,  or  dark  space  between  the  qnently  viewed  Saturn  through  Huygen's 
rings,  cannot  be  seen  by  ordinary  instruments,  glass  of  126  feet  focal  length,  declares,  in  the 

Sir  W.  Herschel  vezy  properly  observes,  preface  to   his   "  Astro-Theology,"  that  he 

'*  There  is  not,  perhaps,  another  object  in  the  could  never  perceive  above  three  of  the  satel- 

beavens  that  presents  us  with  such  a  variety  lites.    Sir  W.  Herschel  observes,  that  the 

of  extraordinary  phenomena  as  the  planet  visibility  of  these  minute  and  extremely  fiiint 

Saturn :  a  magnificent  globe,  encompassed  by  objects  depends  more  on  the  penetrating  than 

a  stupendous  double  ring ;  attended  by  seven  upon  the  magnifying  power  of  our  telescopes ; 

satellites ;  ornamented  with  equatorial  belts ;  and  that  with  a  ten  feet  Newtonian,  charged 

compresBed  at  the  poles;  turning  upon  its  with  a  magnifying  power  of  only  60,  he  saw 

axis;  mutually  eclipsing  its  ring  and  satellites,  all  the  five  old  satellites;  but  the  sixth  and 

and  eclipsed  by  them;  the  most  distant  of  the  seventh,  which  were   discovered   and  were 

rings  also  turning  upon  its  axis,  and  the  same  easily  seen  with  his  forty  feet  telescope,  and 

taking  place  with  the  furthest  of  the  satellites ;  were  also  visible  in  his  twenty  feet  instrument, 

all  the  parts  of  the  system  of  Saturn  occasion-  were  not  discernible  in  the  seven  or  the  ten 

ally  reflecting  light  on  each  other ;  the  rings  feet  telescopes,  though  all  that  magnifying 

and  moons  illuminjiting  the  nights  of  the  Sa-  power  can  do  may  be  done  as  well  with  the 

tumian,  the  globe  and  sateilites  enlightening  seven  feet  as  with  any  larger   instrmnent 

the  daik  parts  of  the  ring ;  and  the  planet  Speaking  of  the  seventh  satellite,  he  says^ 

and  rings  thioviring  back  the  sun's  beams  *<  Even  in  my  forty  feet  reflector  it  appears  no 

upon  the  moons,  when  they  are  deprived  of  bigger  than  a  very  small  lucid  point.    I  see 

them  at  the  time  of  their  conjunctions."  This  it,  however,  very  well  in  the  twenty  feet  re- 

iUuetrious  astronomer  states  that  with  a  new  fleeter,  to  which  the  exquisite  figure  of  the 

seven  feet  mirror  of  extraordinary  distinct-  speculum  not  a  little  contributes."    A  late 

ness   he  examined   this  planet,  and  found  observer  asserts  that  in  1825,  with  a  twelve 

that  the  ring  reflects  more  light  than  the  body,  feet  achromatic,  of  seven  inches  aperture, 

and  with  a  power  of  570  the  colour  of  the  made  by  Tulley,  with  a  power  of  150,  the 

body  becomes  yellowish,  while  that  of  the  seven  satellites  were  easily  visible,  but  not  sc^ 

ring  remains  more  white.    On  March  II,  easily  with  a  power  of  200;  and  that  the 

1780,  he  tried  the  powers  of  222,  332,  and  planet  appeared  as  bright  as  brilliantly  bur- 

440  successively,  and  found  the  light  of  Sa-  nished  silver,  and  the  division  in  the  ring  and 

turn  less  intense  than  that  of  the  ring ;  the  a  belt  were  veiy  plainly  distinguished  with  a 

colour  of  the  body  turning,  with  the  high  power  of  200. 

powers,  to  a  kind  of  yellow  white,  while  that  The  planet  Urantu,  being  generally  invi- 

of  the  ring  still  remained  white.  sible  to  the  naked  eye,  is  seldom  an  object  of 

Most  of  the  satetUtes  of  Saturn  are  difficult  attention  to  common  observers.  A  cousidep- 
to  be  perceived  with  ordinary  telescopes,  ex-  able  magnifying  power  is  requisite  to  make  it 
cepting  the  fourth,  which  may  be  seen  with  appear  in  a  planetary  form  with  a  well  de- 
powers  of  from  60  to  100  times.  It  was  dis-  fined  disk.  The  best  periods  for  detecting  it 
covered  by  Uuygens  in  1655  by  means  of  a  are  when  it  is  near  its  oppodtion  to  the  sun, 
common  refracting  telescope  12  feet  long,  or  when  it  happens  to  approximate  to  any  of 
which  might  magnify  about  70  times.  The  tbfe  other  planets,  or  to  a  well  known  fixed 
next  in  brightness  to  this  is  the  fifth  sateltite,  star.  When  none  of  these  drcumiAances 
which  Cassini  discovered  in  1671  by  means  occur,  its  position  requires  to  be  poiuojd  out 
of  a  17  iiset  refiractor,  which  might  cany  a  by  an  equatorial  telescope.  On  the  Morning 
power  of  above  80  times.  The  third  was  of  the  25th  of  Januaiy,  1841,  this  planet 
discovered  by  the  same  astronomer  in  1672  happened  to  be  in  conjunction  with  Venus,  at 
by  a  longer  telescope ;  and  the  first  and  second  which  time  it  was  only  four  minutes  north  of 
in  1684,  by  means  of  two  excellent  object-  that  planet.  Several  days  before  this  con* 
glasses  of  100  and  136  feet,  which  might  junction  I  made  observations  on  Uranus, 
have  magnified  fix)m  200  to  230  times.  They  On  the  evening  of  the  24th,  about  eight  hours 
were  afterwards  seen  by  two  other  glasses  of  before  the  conjxmction,  the  two  planets  ap* 
70  and  90  feet,  made  by  Campani,  an^  sent  peared  in  the  same  field  of  the  telescope,  the 
ftom  Rome  to  the  Royal  Observatozy  at  Paris  one  exceedingly  splendid,  and  the  other  man 
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obscure,  but  distinct  and  well  defined.  UranuB  star  which  is  to  be  obsenred,  or  upon  one 
could  not  be  perceived  either  with  the  naked  above  and  another  below  it.  Thof  the  lata 
eye  or  with  an  opera-glass,  but  could  b^  di»-  Mr.  Albert,  the  astronomer,  could  not  see  the 
tinguished  as  a  very  small  star  by  means  of  a  two  stars  of  y  Leonis  when  the  focus  was  ad- 
pocket  achromatic  telescope  magnifying  about  justed  upon  that  star  itself,  but  he  soon  ob- 
14  times.  It  is  questionable  whedier,  under  served  the  small  star  after  he  had  adjusted 
the  most  favourable  drcumstances,  this  planet  the  focus  upon  Regulua.  An  exact  adjust- 
can  ever  be  distinguished  by  the  naked  eye.  ment  of  the  focus  of  the  instrument  is  indis- 
With  magnifying  powers  of  30  and  70,  it  ap-  pensably  requisite  in  order  to  perceive  such 
peared  as  a  moderately  large  star  with  a  minute  objects. 

steady  light,  but  without  any  sensible  disk.  In  viewing  the  Nebulag,  and  the  very  ■nail 
With  powers  of  120,  180,  and  250,  it  pre-  and  immensely  distant  fixed  stars,  which  re- 
sented a  round  and  pret^  well  defined  disk,  quire  much  light  to  render  them  visible,  a 
but  not  so  luminous  and  distinct  as  it  would  large  aperture  of  the  object-glass  or  speculum, 
have  done  in  a  higher  altitude.  which  admits  of  a  great  quantity  of  light,  is 

The  Double  Stars  require  a  great  variety   of  more  importance  than  high  magnifying 
of  powers  in  order  to  distinguish  the  small  powers.    It  is  light  chiefly,  accompanied  with 
stars  that  accompany  the  larger.    Some  of    a  moderate  magnifying  power,  thai  enables 
them  are  distinguished  with  moderate  powers,   us  to  penetrate  into  the  distant  regions  of 
while  others  require  pretty  large  instruments,   space.    Sir  W.  Herschel,  when  sweeinng  the 
furnished  with   high  magnifying  eyejneces.   profiindities  of  the  Milky  Way,  and  the  Hand 
I  shall  therefore  select  only  a  few  as  a  speci-   and  Club  of  Orion,  used  a  telescope  of  the 
men.    The  star  Castor^  or  a  Oeminonim,   Newtonian  form,  twenty  feet  focal  length  and 
may  be  easily  seen  to  be  double  with  powers    I8^jth  inches  in  diameter,  with  a  power  of 
of  from  70  to  100.     I  have  sometimes  seen   only  157.      On  applying  this  telescope  and 
these  stars,  which  are  nearly  equal  in  size  and   power  to  a  part  of  the  Via  Laetea,  he  found 
colour,  with  a  terrestrial  power  of  44  on  a  44   that  it  completely  resolved  the  whole  whitiA 
inch  achromatic.     The  appearance  of  this   appearance  into  stars,  which  his  former  tel^ 
star  with  such  powers  is  somewhat  similar  scopes  had  not  light  enough  to  ^fect,  and 
to  that  of  91  Corona  in  a  seven  feet  achro-   which  smaller  instruments  with  mnch  higher 
matic  of  five  inches  aperture,  with  a  power   magnifying  powers  would  not  have  effeib^, 
of  500.    y  Andromcdc  may  be  seen  with  a  He  tells  us  that,  with  this  power,  **  the  glo- 
moderate  power.    In  a  thirty  inch  achromatic*  rious  multitude  of  stars,"  in  the  vicanity  of 
of  two  inches  aperture  and  a  power  of  80,  it   Orion,  **  of  all  possible  sizes,  that  presented 
appears  like  c  Bootis  when  seen  in  a  five  feet  themselves  to  view,  was  truly  astonishing, 
achromatic  with  a  power  of  460.    This  star  and  that  he  had  fields  which  contained  70, 
is  said  to  be  visible  even  in  a  one  foot  achro-   90,  and  110  stars,  so  that  a  belt  of  fifteen  de- 
matic  with  a  power  of  35.    s  Lyras,  which  is   grees  long  and   two  degrees  broad,  which 
a  quintuple  star,  but  appears  to  the  naked  passed  through  the  field  of  the  telescope  in  an 
eye  as  a  single  star,  may  be  seen  to  be  double   hour,  could  not  contain  less  than  fifty  thou- 
with  a  power  of  from  six  to  twelve  times,  y  Le-   sand  stars  that  were  large  enough  to  be  dis- 
anis  is  .visible  in  a  44  inch  achromatic  with   tinctly  numbered."    In  viewing    the  Milky 
a  power  of  180  or  200.    Rigel  in  a  3^  feet   Way,  the  Nebuls,  and  smaU  cluster  of  stars, 
achromatic,  may  be  seen  with  powers  vary-   such  as  PrSBcepe  in  Cancer,  I  generally  use 
ing  firom  130  to  200.    The  small  star,  how-   a  power  of  65  times  on  an  achromatic  tele- 
ever,  which  accompanies  Rigel,  is  sometimes   scope  six  feet  six  inches  in  focal  length  and 
difficult  to  be    perceived,  even  with   such   fi>ur  inches  in  diameter.  The  eyepiece  which 
powers,    t  Bootis  is  seldom  distinctly  defined  produces  this  power — which  I  formed  for  tha 
with  ah  achromatic  of  less  aperture  d^an  3^th   purpose— consists  of  two  convex  lenses,  the 
inches,  or  a  reflector  of  less  than  five  inches,   one  next  the  eye  three  inches  focal  length  and 
with  a  power  of  at  lease  250.  li^^  of  &n  inch  diameter,  and  that  next  the 

These  and  similar  stars  are  not  to  be  ex-  object  3^  inches  focus  and  ly^ths  of  an  inch 
pected  to  be  seen  equally  well  at  all  times,  diameter,  the  deepest  convex  eaxtacea  being 
even  when  the  magnifying  and  illuminating  next  each  other,  and  their  distance  a  quarter 
powers  are  properly  proportioned,  as  much  of  an  inch.  With  this  eyepiece  a  very  large 
depends  upon  the  state  of  the  weather,  and  and  brilliant  field  of  view  is  obtained ;  and  I 
the  pureness  of  the  atmosphere.  In  order  to  find  it  preferable  to  any  higher  powers  ia 
perceive  the  closest  of  the  double  stars.  Sir  viewing  the  nebulosities  and  dusters  of  stai^ 
W.  Herschel  recommends  tiiat  the  power  of  In  certain  spaces  of  the  heavens  it  sametiiilea 
the  telescc^  i^ould  be  adjusted  upon  a  star  presents  in  one  field  nearly  a  hundred 
known  to  be  single,  of  nearly  the  same  alti-  It  likewise  serves  to  exhibit  a  very  clear 
tade,  magnitude,  and  colour  with  the  double  interestiiur  view  of  the  full  moon. 
(858)  ^* 
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In  obsenr  ng  Comets,  a  very  small  power  4.  Mode  of  exhibiting  the  Solar  Spots^^ 
ihould  generally  be  used,  even  on  large  in-  The  solar  spots  may  be  contemplated  with 
■tmmcnts.  These  bodies  possess  so  small  a  advantage  by  magnifying  powers  vaiying  from 
quantity  of  Hght,  and  they  are  so  frequently  60  to  180  times;  about  90  times  is  a  good 
enveloped  in  a  veil  of  dense  atmosphere,  that  medium  power,  though  they  may  sometimes 
^f^og^fyi^  power  sometimes  renders  them  be  distinguished  with  very  low  powers,  such 
more  obscure,  and  therefore  the  illuminating  as  those  usually  adapted  to  a  one-foot  tele* 
power  of  a  large  telescope  with  a  small  power  scope,  or  even  by  means  of  a  common  opera- 
is  in  all  cases  to  be  preferred.  A  comet  eye-  glass.  The  common  astronomical  eyepieces 
piece  should  he  constructed  with  a  very  large  given  along  with  achromatic  telescopes,  and 
and  uniformly  distinct  field,  and  should  mag-  the  sunglasses  connected  with  them,  are 
nify  only  from  15  to  30  or  40  times,  and  the  generally  ill  adapted  for  taking  a  pleasant 
lenses  of  such  an  eyetube  should  be  nearly  and  comprehensive  view  of  the  solar  spots, 
two  inches  in  diameter.  The  late  Rev.  F.  In  the  higher  magnifying  powers,  the  first 
Wollaston  recommended  for  observing  comets  eyeglass  is  generally  at  too  great  a  distance 
"  a  telescope  with  ao  achromatic  object-glass  from  the  eye,  and  the  sunglass  which  is 
of  16  inches  focal  length  and  two  inches  screwed  over  it  removes  it  to  a  still  greater 
aperture,  with  a  Ramsden's  eyeglass  magni-  distance  from  the  point  to  which  the  eye  is 
lying  about  25  times,  mounted  on  a  very  firm  applied,  so  that  not  above  one-third  of  tlie 
equatorial  stand,  the  field  of  view  taking  in  field  of  view  can  be  taken  in.  The  circum- 
two  degrees  of  a  great  circle."  stance  renders  it  difficult  to  point  the  instru- 

In  viewing  the  moon,  various  powers  may  .  ment  to  any  particular  small  spot  on  the  solar 
be  applied,  according  to  circumstances.  The  disk  which  we  wish  minutely  to  inspect ;  and 
best  periods  of  the  moon  for  inspecting  the  besides,  it  prevents  us  from  taking  a  compre- 
inequalities  on  its  surface  are  either  when  it  hensive  view  of  the  relative  positions  of  all 
assumes  a  crescent  or  a  half-moon  phase,  or  the  spots  that  may  at  any  time  be  traversing 
two  or  three  days  after  the  period  of  half-moon,  the  disk.  To  obviate  this  inconvenience. 
Several  days  afler  full  moon,  and  particularly  the  sunglass  would  require  to  be  placed  so 
about  the  third  quarter,  when  the  orb  is  near  to  the  glass  next  the  eye  as  almost  to 
waning,  and  when  the  shadows  of  its  moan-  touch  it  But  this  is  sometimes  difficult  to  be 
tains  and  vales  are  thrown  in  a  different  attained,  and,  in  high  powere,  even  the  thick- 
direction  from  what  tiiey  are  when  on  the  ness  of  the  sunglass  itself  is  sufficient  to  pre- 
increase,  the  most  prominent  and  interesting  vent  the  eye  from  taking  in  the  whole  field 
views  may  be  obtained.  The  most  convenient  of  view.  For  preventing  the  inconveniences 
season  for  obtaining  such  views  is  during  the  to  which  I  now  allude,  I  generally  make  use 
autumnal  months,  when  the  moon,  about  the  of  a  terrestrial  eyepiece  of  a  considerable 
third  quarter,  sometimes  rises  as  early  as  power,  with  a  large  field;  the  sunglass  is  fixed 
eight  o^clock  p.m.,  and  may  be  viewed  at  a  at  the  end  oi  a  short  tube,  which  slides  on  the 
considerably  high  altitude  by  ten  or  eleven,  eyepiece,  and  permits  the  coloured  glass  to 
When  in  the  positions  now  alluded  to,  and  at  approach  within  a  line  or  two  of  the  lens  next 
a  high  altitude,  very  high  magnifying  powera  the  eye,  so  that  the  whole  field  of  the  tele- 
may  sometimes  be  applied  with  good  ef&ct,  scope  is  completely  secured.'  The  eyepiece 
especially  if  the  atmosphere  be  clear  and  alluded  to  carries  a  magnifying  power  of  95 
serene.  I  have  sometimes  applied  a  power,  times  for  a  46  inch  telescope,  and  takes  in 
in  such  cases,  of  350  times  on  a  46  inch  about  three-fourths  of  the  surface  of  the  sun, 
achromatic  with  considerable  distinctness ;  so  that  the  relative  positions  of  all  the  spots 
but  it  is  only  two  or  three  times  in  a  year,  may  generally  be  perceived  at  one  view, 
and  when  the  atmosphere  is  remarkably  Such  a  power  is,  in  most  cases,  quite  suffi- 
tavourable,  that  such  a  power  can  be  used,  cient  for  ordinary  observations,  and  I  have 
The  autumnal  evenings  are  generally  best  seldom  found  any  good  effect  to  arise  from 
fitted  for  such  observations.  The  fuU  moon  attempting  very  high  powers  when  minutely 
is  an  object  which  is  never  seen  to  advantage  examining  the  solar  spots, 
with  high  powers,  as  no  shadows  or  inequali-  But  the  most  pleasant  mode  of  viewing  the 
ties  on  its  surface  can  then  be  perceived.  It  solar  spots,  especially  when  we  wish  to  exhibit 
furms,  however,  a  very  beautiful  object  when  them  to  othera,  is  to  throw  the  image  of  the 
magnifying  powers  not  higher  than  40, 50,  or  sun  upon  a  white  screen,  placed  in  a  room 
60  times  are  used.  A  power  of  45  times,  if  which  is  considerably  darkened.  It  is  difB- 
properly  constnicted,  will  show  the  whole  of  cult,  however,  when  the  sun  is  at  a  high  alti- 
the  moon  with  a  margin  around  it,  when  the  tude,  to  put  this  method  into  practice,  on 
darker  and  brighter  parts  of  its  surface  will  account  of  the  great  obliquity  with  which  his 
present  a  variegated  aspect,  and  appear  some-  rays  then  &ll,  which  prevents  a  screen  from 
what  like  a  map  to  the  eye  of  the  observer.  being  placed  at  any  considerable  distance  froir 
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the  eje-end  of  the  telescope.  The  following 
plan,  thereA>re,  is  that  which  I  uniformly 
adopt,  as  being  hoUi  the  easiest  and  the  most 
satis&ctory.  A  telescope  is  placed  in  a  con- 
venient position,  so  as  to  be  directed  to  the 
son.    This  telescope  is  furnished  with  a  dia- 

fonal  eyepiece,  such  9fi  that  represented  in 
g.  77  (p.  123.)  The  wmdow-ahutters  of  the 
apartment  are  all  closed  excepting  a  space 
sufficient  to  admit  the  solar  rays;  and  when 
the  telescope  is  properly  adjusted,  a  beautiful 
image  of  the  sun,  with  all  the  spots  which 
then  happen  to  diversify  his  surface,  is  thrown 
upon  the  eeiiing  of  the  room.  This  image 
may  be  from  12  to  30,  or  30  inches  or  more 
in  diameter,  according  to  the  distance  of  the 
ceiling   from   the   diagonal   eyepiece.    The 

nter  this  distance  is,  the  larger  the  image. 
le  sun  is  at  a  very  high  altitude,  the  image 
will  be  elliptical ;  if  he  be  at  no  great  distance 
from  the  horizon,  the  image  will  appear  circu- 
lar, or  nearly  so;  but  in  either  case  the  spots 
will  be  distinctly  depicted,  provided  the  focus 
of  the  telescope  be  accurately  adjusted.     In 
this  exhibition,  the  apparent  motion  of  the 
sun  produced  by  the  rotation  of  the  earth,  and 
the  passage  of  thin  fleeces  of  clouds  across  the 
solar  disk,  exhibit  a  Very  pleasing  appearance. 
By  this  mode  of  viewing  the  solar  spots  we 
may  easily  ascertain  their  diameter  and  mag- 
nitude, at  least  to  a  near  approximation.   We 
have  only  to  take  a  scale  of  inches,  and  mea- 
sure the  diameter  of  any  well-defined  and 
remarkable  spot,  and  then  the  diameter  of  the 
solar  image ;  and,  comparing  the  one  with  the 
other,  we  can  ascertain  the  number  of  miles, 
either  lineal  or  square,  comprehended  in  the 
dimensions  of  the  spot     For  example,  sup- 
pose a  spot  to  measure  half  an  inch  in  dia- 
meter, and  the  whole  image  of  the  sun  25 
inches,  the  proportion  between  the  diameter 
of  the  spot  and  that  of  the  sun  will  be  as  1 
to  50 ;  in  other  words,  the  one'fiflieth  part  of 
the  sun*s  diameter.    Now  this  diameter  being 
880,000  miles,  this  number,  divided  by  50, 
produces  a  quotient  of  17,600»tfae  number 
of  miles  which  its  diameter  measures.    Such 
a  spot  will  therefore  contain  an  area  of  243,- 
285,504,  or  more  than  two  hundred  and  forty- 
three  millions  of  square  nules,  which  is  46 
millions  of  miles  more  than  the  whole  supers 
ficies  of  the  terraqueous  globe.     Again,  sup- 
pose the  diameter  of  a  spot  measures  ■j'lifths 
of  an  inch,  and  the  solar  image  23  inches,  the 
proportion  of  the  diameter  of  the  spot  to  that 
of  the  sun  is  a9  3  to  230 '^the  number  of 
tenths  in  23  inches.    The  number  of  miles 
in  the  spot's  diameter  will  therefore  be  found 
by  the  following  proportion  :  230 :  880,000 : : 
3:  11,478;  that  is,  the  diameter  of  such  a 
■pot  measures  eleven  thousand  four  hundred 
•Old  seventy-eight  miles.    Spots  of  such  sizes 
(864)  ^ 


are  not  unlreqaently  soen  to  traniit  the 
disk. 

By  this  mode  of  viewing  the  image  of  Aa 
sun,  his  spots  may  be  exhibited  to  twenty  or 
thirty  individuals  at  once  without  the  least 
straining  or  injury  to  the  eyes;  and  as  no 
separate  screen  is  requisite,  and  as  the  ceil- 
ings of  rooms  are  generally  white,  the  experi- 
ment may  be  perfbimed  in  half  a  minute 
without  any  previous  preparation  except 
screwing  on  and  adjusting  the  eyepiece.  The 
manner  of  exhibiting  the  solar  spots  in  this 
way  is  represented  in  fig.  82. 

Fig.  82. 


■ 
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5.  On  the  Space-peneiratifig  Power  of 
Telescopes, — ^The  power  of  telescopes  to  pe- 
netrate into  the  profundity  of  space  is  the 
result  of  the  quantity  of  light  they  collect  and 
send  to  the  eye  in  a  state  fit  for  vision.  This 
property  of  telescopes  ia  sometimes  designated 
by  the  expression  Illuminating  Poufcr, 

Sir  W.  Herschel  appears  to  have  been  the 
first  who  made  a  distinction  between  the 
magnifying  power  and  the  space-penetraling 
power  of  a  telescope;  and  there  arc  many 
examples  which  prove  that  such  a  distinction 
ought  to  be  made,  especiaUy  in  the  case  of 
large  instruments.  For  example,  the  smaH 
star,  or  speck  of  light,  vehich  accompanies  the 
pole  star,  may  be  seen  through  a  telescope  of 
large  aperture  with  a  smaller  magnifying 
power  than  with  a  telescope  of  a  small  aper- 
ture furnished  with  a  much  higher  power 
If  the  magnifying  power  is-sufficient  to  show 
the  small  star  completely  separated  from  the 
rays  which  surround  the  large  one,  this  ut  suf- 
ficient in  one  point  of  vi^w ;  but,  in  order  that 
this  effect  may  be  produced,  so  as  to  render 
the  small  star  perfectly  distinguishable,  a  cer- 
tain quantity  of  light  must  be  admitted  iofeo 
the  pupil  of  the  eye,  which  quantity  depends 
uix>n  the  area  of  the  object-glass  or  speculum 
of  the  instrument,  or,  in  other  words,  on  the 
illuminating  power.    If  we  oompare  a  td^ 
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aoope  of  2}th  inches  aperture  with  one  of  five  having  a  magnifying  power  of  250,  and  a 
tnchesi  aperture,  when  the  magnifying  power  space-penetrating  power  of  28.67.  His  note 
of  each  (loes  not  exceed  50  times  for  terres-  is  dat^  May  3,  1783.  "I  see  several  stars 
trial  objects,  the  e£kbt  of  illuminating  power  in  it,  and  make  no  doubt  a  higher  power  and 
is  not  so  evident ;  but  if  we  use  a  power  of  more  light  will  resolve  it  all  into  stars.  This 
100  for  day  objects,  and  ISO  for  the  heavenly  seems  to  me  a  good  nebula  for  the  purpose 
bodies,  the  effects  of  illuminating' power  is  so  of  estabhshmg  the  connexion  between  nebula 
clearly  perceptible,  that  objects  not  only  ap-  and  clusters  of  stars  in  general."  <<  June  18, 
pear  brighter  and  more  clearly  visible  in  the  1784.  The  same  nebula  viewed  with  a  New- 
larger  telescope,  but  with  the  same  magnify-  tonian  twenty-feet  reflector;  penetrating  power 
ing  power  they  also  appear  larger^  paTticu-  61,  and  a  magnifying  power  of  157;  a  very 
larly  when  the  satellites  of  Jupiter  and  small  large  and  a  very  bright  cluster  of  excessively 
sLirs  are  the  objects  we  are  viewing.  compressed  stars.    The   stars  are   but  just 

Sir  W.  Herschel  remarks,  that  '<  objects  visible,  and  are  of  unequal  magnitudes.  The 
are  viewed  in  their  greatest  perfection  when,  large  stars  are  red;  the  cluster  is  a  miniature 
in  penetrating  space,  the  magnifying  power  of  that  near  Flamstead's  forty-second  Corns 
is  so  low  as  only  to  be  sufficient  to  show  the  Berenices.  Right  ascension,  l?**  6°*  32* 
object  well,  and  when,  in  magnifying  objects,  Polar  distance,  108^  18''."  In  this  case, 
by  way- of  examining  them  mmutely,  the  a  penetrating  power  of  about  28,  with  a 
space-penetrating  power  is  no  higher  than  magnifying  power  of  250,  barely  showed  a 
what  will  suffice  for  the  purpose;  for  in  the  few  stars;  while  in  the  second  instrument 
use  of  either  power,  the  injudicious  overcharge  the  illuminating  power  of  60,  with  the  mag- 
of  the  other  will  prove  hurtful  to  vision."  nifying  power  of  only  157,  i^owed  them  corn- 
When  illuminating  power  is  in  too  high  a  pletely. 

degree,  the  eye  is  offended  by  the  extreme  Subsequently  to  the  date  of  the  latter  ob- 
brightness  of  the  obiect ;  when  it  is  in  too  low  servation,  the  twenty-feet  Newtonian  telescope 
a  degree,  the  eye  is  distressed  by  its  endea-  was  converted  into  an  Herschelian  instrument 
V9urs  to  see  what  is  beyond  its  reach ;  and  by  taking  away  the  small  speculum,  and 
therefore  it  is  desirable,  when  we  wish  to  give  giving  the  large  one  the  proper  inclination  for 
the  eye  all  the  assistance  possible,  to  have  obtaining  the  front  view ;  by  which  alteration 
the  illuminating  and  the  magnifying  powers  the  illuminating  power  was  increased  from  61 
in  due  proportion.  What  this  proportion  is,  to  75,  and  the  advantage  derived  from  the 
depends,  in  a  certain  degree,  upon  the  bright^  alteration  was  evident  in  the  discovery  of  the 
ness  oi  the  object.  In  proportion  to  its  satellites  of  Uranus  by  the  altered  telescope, 
brightness  or  luminosity,  the  magnifying  which  before  was  incompetent  in  the  point  of 
power  may,  to  a  certain  extent,  be  increased,  penetration,  or  illumtfiating  power.  "  March 
Sir  W.  Herschel  remarks,  in  reference  to  14,  1798, 1  viewed  the  Georgian  planet  (or 
a  LyrsB,  "  This  star,  I  surmise,  has  light  Uranus)  with  a  new  twenty-five-feet  reflector, 
enough  to  bear  being  magnified  at  least  a  Its  penetrating  power  is  95^5,  and  having 
hundred  thousand  times,  with  no  more  than  just  before  also  viewed  it  with  my  twenty- 
aix  inches  of  aperture."  However  beautifully  feet  instrument,  I  found  that  with  an  equal 
peifect  any  telescopes  may  appear,  and  how-  magnifying  power  of  300,  the  twenty-five-feet 
ever  sharp  their  defining  power,  their  per-  telescope  had  considerably  the  advantage  of 
formance  is  limited  by  their  illuminating  the  former."  The  aperture  of  the  twenty- 
powers,  which  are  as  the  squares  of  the  diam-  feet  instrument  was  18.8  inches,  and  that  of 
cters  of  the  apertures  of  the  respective  instru-  the  twenly-five-feet  telescope  24  inches,  so 
mcnts.  Thus  a  telescope  whose  object-glass  that  the  superior  efiect  of  the  latter  instrument 
is  four  inches  diameter  will  have  four  times  must  have  been  owing  to  its  greater  illumi- 
the  quantity  of  light,  or  illuminating  power,  nating  power.  The  following  observations 
possessed  by  a  telescope'  whose  aperture  is  show  the  superior  power  of  the  fbrty-fnct  tele- 
only  two  inches,  or  in  the  proportion  of  16  to  scope,  as  compared  with  the  twenty-feet. 
4;  the  square  of  4  being  16,  and  the  square  f'Feb.  24,  178o,  I  viewed  the  nebula  near 
of  2  being  4.  Flamstead's  fifth  Serpentis  with  my  twenty- 

The  nature  of  the  space-j»«w?/ra/w^^ou«r  feet  reflector,  magnifying  power  157.    The 

to  which  we  are  adverting,  and  the  distmction  most  beautiful,  extremely  compressed  cluster 

between  it  and  magnifying  power,  may  be  of  small  stars,  the  greatest  part  of  them  ga- 

illustrated  from  a  few  examples  taken  from  thered  together  into  one  brilliant  nucleus, 

Sir  W.  Herschel's  observations.  evidently  consisting  of  stars,  surrounded  with 

The  first  observation  which  I  shall  notice  many  detached  gathering  stars  of  the  same 

lefers  to  the  nebula  between  ij  and  (  Ophi-  size  and  colour.    R.  A.,  15*»  7"  12^.    P.  D., 

ochi,  discovered  by  Messier  in  1764.    The  87°  8"."    "May  27, 1791,1  viewed  the  sam« 

observation  was  made  with  a  ten-feet  reflector,  object  with  my  forty-feet  telescope,  penetrat- 

l855) 
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ing  power  191.69,  magnifying  power  370.  er  i»  expreased,  and  the  general  grounds  ok 
A  beautiful  cluster  of  stars.  I  counted  about  which  they  rest,  the  following  statements 
200  of  them.  The  middle  of  it  is  so  com-  may  be  made.  The  depth  to  which  the 
pressed  that  it  is  impossible  to  distinguish  the  naked  eye  can  penetrate  into  the  spaces  of  the 
stars."  "Not.  5,  1791,  I  viewed  Saturn  heavens  is  considered  as  extending  to  the 
with  the  twen^  and  forty  feet  telescopes :  twelfth  order  of  distances ;  in  other  words,  it 
Twenty  feeL — The  fifth  satellite  of  Saturn  is  can  perceive  a  star  at  a  distance  twelve  times 
very  small.  The  first,  second,  third,  fourth,  further  than  those  luminaries,  such  as  Siiins, 
and  fifth,  and  the  new  sixth  satellites,  are  in  Arctunis,  or  Capella,  which,  from  their  vivid 
their  calculated  places.  Forty  feet* — ^I  see  light,  we  presume  to  be  nearest  to  as.  It  has 
the  new  sixth  satellite  much  better  with  this  been  stated  above  that  Herschel  calculated  his 
instrument  than  with  the  twenty-feeU  The  ten-feet  telescope  to  have  a  space-penetrating 
fUVh  is  also  much  larger  here  than  in  the  power  of  28.67,  that  is,  it  could  enable  us  to 
twenty-feet,  in  which  it  was  nearly  the  same  descry  a  star  28  times  further  distant  than  the 
size  as  a  small  fixed  star,  but  here  it  is  con-  naked  eye  can  reach.  His  twenty-feet  New- 
siderably  larger  than  that  star."  tonian  was  considered  as  hxving  a  similar 

These  examples,  and  many  others  of  a   power  of  61 ;  his  25  feet,  nearly  96 ;  and  his 
similar  kind,  explain  sufiiciently  the  nature   forty-feet  instrument,  a  power  of  191.69.    If 
and  extent  of  that  species  of  power  that  one   each  of  these  numbers  be  multiplied  by  12,  the 
telescope  possesses  over  another,  in  conse-   product  will  indicate  how  much  farther  these 
quenoe  of  its  enlarged  aperture ;  but  the  exact   telescopes  will  penetrate  into  space  than  the 
quantity  of  this  power  is  in  some  degree  un-   nearest  range  of  the  fixed  stars,  snch  as  thoss 
certain.    To  ascertain  practically  the  illumi-   of  the  first  magnitude.     For  instance,  the 
nating  power  of  telescopes,  we  must  try  them   penetrating  power  of  the  forty-feet  reflector 
with  equal  powers  on  such  objects  as  the  fol-  beuig  191.09,  this  number,  miUtiptied  by  12, 
lowing:  the  small  stars  near  the  pole  star,  and   gives  a  product  of  2300,  which  shows  that, 
near  Rigel  and  c  Bootis ;  the  division  in  the   were  there  a  series  of  two  thousand  three  bun- 
ring  of  Saturn ;  and  distant  objects  in  the  twi-  dred  stars  extended  in  a  line  beyond  Sirios, 
light  or  towards  the  evening.    These  objects   Capella,  and  similar  stars,  eadi  star  separated 
are  distinctly  seen  with  a  five-feet  achromatic   from  the  one  beyond  it  by  a  space  equal  to 
of  3  j>^th  inches  aperture,  and  an  illuminatingt  the  distance  of  Sinus  from  the  earth,  they 
power  of  144,  while  they  are  scarcely  visible   might  be  all  seen  through  the  for^-feet  tcJe- 
in  a  3}  feet  with  an  aperture  of  2jth  inches,   scope.    In  short,  the  penetrating  power  of 
and  an  illuminating  power  of  72,  supposing   telescopes  is  a  drcumstanoe  which  requires  to 
the  same  magnifying  power  to  be  applied,   be  particularly  attended  to  in  our  observations 
The  illuminating  power  of  a  telescope  is  best   of  celestial  phenomena,  and  in  many  cases  is 
estimated,  in  regard  to  land  objects,  when  it  is   of  more  importance  than  magnifying  power, 
tried  on  minuto  objects,  and  such  as  are  badly   It  is  the  efiect  produced  by  illnmmating  power 
lighted  ap;  and  the  advantage  of  a  telescope   that  renders  telescopes,  fiimished  with  com- 
with  a  large  aperture  will  be  most  obvious   paratively  small  magnifying  powers,  much 
when  it  is  compared  with  another  of  inferior  more  efficient  in  observing  comets,  and  certain 
size  in  the  close  of  the  evening,  when  looking  nebuls  and  clusters  of  stars,  than  when  high 
at  a  printed  bill  composed  of  letters  of  various   powers  are  attempted.     Every  telescope  may 
sizes.     As  darkness  comes  on,  the  use  of  illu-  he  so  adjusted  as  to  produce  difllerent  space- 
minating  power  becomes  more  evident.    In  a   penetrating  powers.    If  we  wish  to  diminish 
five-feet  telescope  some  small  letters  will  be   such  a  power,  we  have  only  to  contract  the 
legible  which  are  hardly  discemiUe  in  the  3}   object^Iass  or  speculum  by  placing  circular 
feet,  and  in  the  2^  feet  are  quite  undefinable,   rims,  or  apertures  of  diflerent   degrees  of 
though  the  magnifying  powers  be  equal.     Sir   breadth,  across  the  mouth  of  the  great  tube 
W.  Herschel  informs  us  that,  in  the  year  of  the  instrument.    But  we  cannot  increase 
1776,  when  he  had  erected  a  telescope  of    this  illuminating  power  beyond  a  certain  ex- 
twenty  feet  focal  length  of  the  Newtonian   tent,  which  is  limited  by  the  diameter  cf  the 
construction,  one  of  its  effects  by  trial  was,   object-glass.'    When  we  wish  illuminating 
that  when,  towards  evening,  on  account  of    power  beyond  this  Iinut,wemust  be  famished 
darkness,  the  natural  eye  could  not  penetrate   with  an  object-glass  or  speculum  of  a  lai^ger 
fer  into  space,  the  telescope  possessed  that   size ;  and  hence  the  rapid  advance  in  price  of 
power  sufficiently  to  show,  by  the  dial  of  a  instruments  which  have  large  apertures,  and 
distant  church  steeple,  what  o'clock  it  was,   consequently  high  illuminating  powers.     Mr. 
notwithstanding  the  naked  eye  could  no  longer  TuIIey's  3^  feet  achromatics  of  2}th  in<jiei 
see  the  steeple  itself.  aperture  sell  at  £26  5s. ;  when  the  apertm 

In  order  to  convey  an  idea  of  the  numbers   is  3|th  inches,  the  price  is  £42 ;  when  Sjth 

fay  which  the  degree  of  space-penetrating  pow-   inches,  £68  5s.     The  following  table 
(866) 
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temsast&tement  of  the ''comparative  lengths,  aduromatac  reftactora  and  Gregonan  rafle^ 
i^iertarefl,  illuminating  powers,  and  prices  of    tors,''  according  to  Dr.  Kitchener: 
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OREOORIAK,  XTC,  RZri.XCT0R8.           | 

Ln«1iMd  tamtlbmf 

DiaoMlcroC 

Dlaminalii^ 

Primi 

Uaglh  udnmaUMy 

Diameter  of 
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PriM. 

arc  knoWB  by. 

ftportmb 
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aporlura. 

po«r«r. 

re«i. 

la.    '111. 

L.    J. 

Fm. 

la.    'ibi 

X      . 

8 

1.    6 

89 

4    4 

1 

8.     5 

03 

7      7 

^ 

% 

40 

18  18 

Ik 

3 

'     00 

18     18 

SI 

%,   7 

78 

81  to 
43 

8 
3 

4.  5 

5.  5 

803 
303 

30 
50 

5 

3.   8 

144 

105  to 

4 

7 

490 

105       . 

150 

7  Newtonian 

7 

490 

196 

7 

5 

850 

850 

5  Gregorian 

0 

810 

300 

7 

6 

S60 

360 

10  Newtonian 

10 

1000 

315 

The  illomioating  poweis  stated  in  the  abore 
table  are  only  comparative.  Fixing  on  the 
number  25  as  the  illuminating  power  of  a 
two-feet  telescope,  l-i'(fths  oian  inch  aperture, 
that  of  a  2}  feet,  two  inches  aperture,  will  be 
40;  of  a  five-feet,  S^^^th  inches  aperture,  144, 
Ac.  If  the  illuminating  power  of  a  Gregorian 
1^  foot,  and  three  inches  aperture,  be  90,  a 
five-feet,  with  nine  inches  aperture,  will  be 
810,  dec 

6.  On  choosing  TekseopeSr  and  OBctrtain' 
ing  their  Properties, — It  is  an  object  of  con- 
deferable  importance  to  every  astronomical 
observer  that  he  should  be  enabled  to  form  a 
judgment  of  the  qualities  of  his  telescope,  and 
of  any  instruments  of  this  description  which 
he  may  intend  to  purchase.  The  following 
directions  may  perhaps  be  useful  to  the  reader 
in  directing  him  in  the  choice  of  an  achroma- 
tic refracting  telescope : 

Supposing  that  an  achromatic  telescope  of 
3}  feet  focal  length  and  S^th  inches  aperture 
were  offered  for  sale,  and  that  it  were  required 
to  ascertain  whether  the  object-glass,  on  which 
its  excellence  chiefly  depends,  is  a  good  one, 
and  duly  adjusted,  some  opinion  may  be 
formed  by  laying  the  tube  of  the  telescope  in 
a  horizontal  position,  on  a  firm  support,  about 
the  height  of  the  eye,  and  by  placing  a  printed 
card  or  a  watch-glass  vertically,  but  in  an  in- 
verted position,  against  some  wall  or  pillar  at 
40  or  50  yards  distant,  so  as  to  be  exposed  to 
a  clear  sky.  When  the  telescope  is  directed 
to  this  object,  and  accurately  adjusted  to  the 
eye,  should  the  letters  on  the  card,  or  the 
strokes  and  dots  on  the  watch-glass,  appear 
clearly  and  sharply  defined,  without  any  mis- 
tiness or  coloration,  and  if  very  small  spots 
appear  well  defined,  great  hopes  may  be 
entertained  that  the  gUu»  will  turn  out  a  good 
one.  But  a  telescoi)e  may  appear  a  good  one, 
when  viewing  common  terrestrial  objects,  to 
eyes  unaccustomed  to  discriminate  deviations 
firom  perfect  vision,  while  it  may  turn  out  to 
be  an  indifferent  one  when  directed  to  certain 
edcstial  objects.  Instead,  therefore,  of  a 
printed  card,  fix  a  black  board,  or  one  half  of 
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a  sheet  of  black  paper,  in  a  vertical  position  at 
the  same  distance,  and  a  circular  disk  of  white 
writing  paper,  about  one^fourth  of  an  inch  in 
diameter,  on  the  centre  of  the  black  ground ; 
then,  having  directed  the  telescope  to  this  ob- 
ject, and  adjusted  for  the  pbce  of  distinct 
vision,  mark  with  a  black-lead  pencil  the 
sliding  eyetube  at  the  end  of  the  main  tube,  so 
that  ^is  position  can  always  be  known  ;  and 
if  this  sliding  tube  be  gradually  drawn  out  or 
pushed  in  while  the  eye  beholds  the  disk,  it 
will  gradually  enlarge  and  lose  iu  colour  till 
its  edges  cease  to  be  well  defined.  Now  if 
the  enlarged  misty  circle  is  observed  to  be  con- 
centric with  the  disk  itself,  the  object-glass  is 
properly  centred,  as  it  has  reference  to  the 
tube ;  but  if  the  misty  circle  goes  to  one  side 
of  the  disk,  the  cell  of  the  object-glass  is  not  at 
right  angles  to  the  tube,  and  must  have  iti 
screws  removed  and  its  holes  elongated  by  a 
rat-tailed  file  small  enough  to  enter  the  holes. 
When  this  has  been  done,  the  cell  may  be  re- 
placed, and  the  disk  examined  a  second  time, 
and  a  slight  stroke  on  one  edge  of  the  cell  by 
a  wooden  mallet  will  show  by  the  alteration 
made  in  the  poeitioo  of  the  misty  portion  of 
the  disk  how  the  adjustment  is  to  be  effected, 
which  is  known  to  be  right  when  a  motion  in 
the  sliding  tube  will  inake  the  diluted  disk 
enlarge  in  a  circle  concentric  with  the  disk 
itself.  When  the  disk  will  enlarge  so  as  to 
make  a  ring  of  diluted  white  light  round  its 
circumference  as  the  sliding  tube  holding  the 
eyepiece  is  pushed  in  or  drawn  out,  tlie  cell 
may  be  finally  fixed  by  the  screws  passing 
through  its  elongated  holes. 

When  the  object-glass  is  thus  adjuiited,  it 
may  then  be  ascertained  whether  the  curves 
of  the  respective  lenses  composing  the  object- 
glass  are  well  formed,  and  suitable  for  each 
other.  If  a  small  motion  of  the  sliding  tube 
of  about  ^jfih  of  an  inch  in  a  3^  feet  telescope 
from  the  point  of  distinct  vision  "will  dilute  the 
light  of  the  dbk  and  render  the  appearance 
confused,  the  figure  of  the  object^lass  is  good, 
particularly  if  the  same  effect  will  take  place 
at  equal  distances  from  the  point  of  distinct 
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ynmaa  when  the  tube  10  eltemately  drawn  out  e<{ualiy  distinct  in  both  caeefl,  witfaont  aiif 

and  poshed  in.    A  telescope  that  will  admit  new  adjustment  for  focal  distancai  the  figure 

of  much  motion  in  the  sliding  tube  without  is  good,  and  the  spherical  abenation  cured, 

sensibly  affecting  the  distinctness  of  Tision  and  it  may  be  seen  by  viewing  a  star  of  the 

will  not  define  an  object  well  at  any  point  of  first  magnitude  successively  in  both  cases, 

adjustment,  and  must  be  considered  as  having  whether  the  irradiation  is  produced  more  by 

an  imperfect  object-glass,  inasmuch  as  the  the  extreme  or  by  the  central  parts  of  the  glass; 

spherical  aberration  of  the  transmitted  rays  is  or,  in  case  the  one  half  be  fiiulty  and  the  other 

not  duly  corrected.     The  due  adjustment  of  good,  a  semicircular  aperture,  by  being  turned 

4bc  convex  lens  or  lenses  to  the  cancave  one  gradually  round  in  trial,  will  detect  what 

will  be  judged. of  by  the  absence  of  coloration  semicircle  contains  the  defective  portion  of  the 

round  the  enlarged  disk,  and  is  a  property  glass;  and  ifsuchportionehould be  covered, the 

distinct  from  the  spherical  aberration ;   the  only  inconvenience  that  would  ensue  would 

achromatism  depending  on  the  relative  focal  be  the  loss  of  so  much  light  as  is  thus  excluded, 

distances  of  the  convex  and  concave  lenses  is  When  an  object-glass  produces  radiatiims  in 

.  regulated  by  the  relative  dispersive  powers  of  a  laige  star,  it  is  unfit  for  the  nicer  observa- 

the  pieces  of  glass  made  use  of,  but  the  dia-  tions  of  astronomy,  such  as  viewing  douUs 

tinctness  of  vision  depends  on  a  good  figure  stars  of  the  first  class.    The  smaller  a  large 

of  the  computed  curves  that  limit  the  fi)cal  star  appears  in  any  telescope,  the  bettor  is  the 

distances.    When  an  object-glass  is  free  firom  figure  of  the  object-glass ;  but  if  the  image 

imperfection  in  both  these  respects,  it  may  be  of  the  star  be  free  from  wings,  the  sixe  of 

called  a  good  glass  for  terrestnal  purposes.  its  disk  is  not  an  objection  in  practical  ol^ 

It  still,  however,  remains  to  be  determined  servations.* 
how  far  such  an  object-glass  may  be  good  for  Some  opticians  are  in  the  habit  of  inserting 
viewing  a  star  or  a  planet,  and  can  only  be  a  diaphragm  into  the  body  of  the  large  tube, 
known  by  actual  observations  on  the  heavenly  to  cut  ofi"  the  extreme  rays  ooming  from  the 
bodies.  When  a  good  telescope  is  directed  object-glass  when  the  figure  is  not  good,  in- 
to the  moon  or  to  Jupiter,  the  achromatism  stead  of  lessening  the  aperture  by  a  cap. 
may  be  judged  of  by  alternately  pushing  in  When  this  is  the  case,  a  deficiency  of  light 
and  drawing  out  the  eyepiece  from  the  plaoe  will  be  the  consequence  beyond  what  the  ap- 
of  distinct  vision.  In  the  former  case,  a  ring  parent  aperture  warrants.  It  is  therefi>re  pro- 
of purple  will  be  formed  round  the  edge ;  and  per  to  examine  that  the  diaphragm  be  not 
in  the  latter,  a  ring  of  light  green,  which  is  placed  too  near  the  object-glass,  ao  as  to  in* 
the  central  colour  of  the  prismatic  spectrum ;  terccpt  any  of  the  useful  rays.  Sometioies  a 
for  these  appearances  show  that  the  extreme  portion  of  the  object-glass  is  cut  off  by  \hp 
colours,  red  and  violet,  are  corrected.  Again,  stop  in  the  eyetube.  To  ascertain  this,  adjust 
if  one  part  of  a  lens  employed  have  a  difierent  the  telescope  to  distinct  vision,  then  take  out 
refractive  power  from  another  part  of  it,  that  the  eyeglasses,  and  put  your  finger  on  soma 
is,  if  the  flint-glass  particularly  is  not  homo-  other  object  on  the  edge  of  the  outside  of  the 
gencous,  a  star  of  the  first  and  even  of  the  object-glass,  and  look  down  the  tube ;  if  joa 
second  magnitude  will  point  out  the  natural  can  see  the  top  of  your  finger,  or  any  object 
defect  by  the  exhibition  of  an  irradiation,  or  in  its  place,  just  peeping  over  the  edge  of  the 
what  is  called  a  wingy  at  one  side,  which  no  object-glass,  no  part  is  cut  off  I  once  had  a 
perfection  of  figure  or  of  adjustment  will  3^  feet  telescope  whose  object-glass  measured 
banish,  and  the  greater  the  aperture,  the  more  three  inches  in  diameter,  which  was  neither 
liable  is  the  evil  to  happen :  hence  caps  with  so  bright,  nor  did  it  perform  in  other  respects 
diilercnt  apertures  are  usually  supplied  with  nearly  so  well  as  another  of  the  same  length 
large  telescopes,  that  the  extreme  parts  of  the  whose  object-glass  was  only  2  jth  inches  in 
glass  may  be  cut  off  in  observations  requiring  diameter;  but  I  (bund  that  a  diaphragm  was 
a  round  and  well-defined  image  of  the  body  placed  about  a  loot  within  the  end  of  the  large 
observed.  tube,  which  reduced  the  aperture  of  the  ob* 

Another  method  of  determining  the  figure  ject^lass  to  less  than  2^  inches,  and  when  it 

and  quality  of  an  object-glass  is  by  first  cover-  was  removed  the  telescope  was  leas  distiod 

ing  its  centre  by  a  circular  piece  of  paper,  as  than  before.     The  powers  given  along  with 

much  as  one  half  of  its  diameter,  and  adjusting  this  instrument  were  much  lower  than  usoal» 

it  for  distinct  vision  of  a  given  object,  such  as  none  of  them  exceeding  100  times.    This  is 

the  disk  above  mentioned,  when  the  central  a  trick  not  uncommon  with  some  opticians, 

rays  are  intercepted,  and  then  txying  if  the  Dr.  Pearson  mentions  that  an  old  DoUond's 

focal  length  remains  unaltered  when  the  paper  telescope  of  63  inches  focal  length  and  3jth 

is  taken  away  and  an  aperture  of  the  same  ..    . 

««,  .ppUei  «,  0.1  the  exueme  ray.  m.,  in  ^^^l^^^Tl^ir?:^-:"!^ 

toeir  turn  be  cut  on.    If  the  vision  remains  dactien  to  Practical  ▲•tronomy."  vol.  iL 
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inches  apetlure,  suppoeed  to  be  an  excellent  quainted.  Opticiana  generally  tiy  an  instra- 
one,  was  brought  to  Mr.  Tulley  when  he  was  ment  at  their  own  marks,  such  as  the  dial- 
present,  and  the  result  of  the  examination  was  plate  of  a  watoh,  a  finely-engraved  card,  a 
that  its  achromatism  was  not  perfect  The  weathercock,  or  the  moon  and  the  planet 
imperfection  was  thus  determined  by  experi-  Jupiter,  when  near  the  meridian.  Of  several 
ment  A  small  glass  globe  was  placed  at  forty  telescopes  of  the  same  length,  aperture,  and 
yards'  distance  from  the  object-end  of  the  tele-  magnifying  power,  that  one  is  generally  con- 
scope  when  the  sun  was  shining,  and  the  sidered  the  best  with  which  we  can  read  a 
speck  of  light  seen  reflected  from  this  globe  given  print  at  the  greatest  distance,  especially 
formed  a  good  substitute  for  a  large  star,  as  if  the  print  consists  of figuret,  such  as  a  table  • 
an  object  to  be  viewed.  When  the  focal  of  logarithms,  where  the  eye  is  not  apt  to  be 
length  of  the  objeet-glass  was  adjusted  to  this  deceived  by  Uie  imagination  in  guetsing  at 
luminous  object,  no  judgment  could  be  formed  the  sense  of  a  passage  when  two  or  three 
of  its  prismatic  aberrations  till  the  eyepiece  words  are  distinguished. 
had  been  pushed  in  beyond  the  place  of  cor-  There  is  a  circumstance  which  I  have  fre« 
lect  vision;  but  when  the  telescope  was  quently  noticed  in  reference  to  achromatic 
shortened  a  little,  the  luminous  disk  occar  telescopes,  particularly  those  of  a  small  size, 
sioned  by  such  shortening  was  strongly  tinged  and  which  I  have  never  seen  nouced  by  any 
with  red  rays  at  its  circumference.  On  the  optical  writer.  It  is  this :  if  the  telescope, 
contrary,  when  the  eyepiece  was  drawn  out  when  we  are  viewing  objects,  be  gradually 
■o  as  to  lengthen  the  telescope  too  much,  the  turned  round  its  axis,  there  is  a  certain  pou- 
difik  thus  produced  was  tinged  with  a  small  tion  in  which  the  objects  wiU  appear  distinct 
circle  of  red  at  its  centre^  thereby  denoting  and  accurately  defined ;  and  if  it  be  turned 
that  the  convex  lens  had  too  short  a  focal  round  exactly  a  semicircle  horn  this  point, 
length ;  and  Mr.  Tulley  observed,  that  if  one  the  same  degree  of  distinctness  is  perceived, 
or  both  of  the  curves  of  the  convex  lens  were  but  in  all  other  positions  there  is  an  evident 
flattened  till  the  total  focal  length  should  be  want  of  clearness  and  defining  power.  This 
about  four  inches  increased,  it  would  render  I  find  to  be  the  case  in  more  than  ten  one- 
the  telescope  quite  achromatic,  provided  in  foot  and  two-feet  telescopes  now  in  my  poe- 
doing  this  the  aberration  should  not  be  in-  session,  and  therefore  I  have  put  marks  upon 
creased.  the  object-end  of  each  of  them  to  indicate  the 

The  following  general  remarks  may  be  ad-  positions  in  which  they  should  be  used  for 
ded :  1.  To  make  any  thing  like  an  accurate  distinct  observation.  This  is  a  circumstance 
comparison  of  telescopes,  they  must  be  tried  which  requires,  in  many  cases,  to  be  attended 
not  only  at  the  same  place,  but  as  nearly  as  to  in  the  choice  and  the  use  of  telescopical 
possible  at  the  same  time,  and,  if  the  instru-  instruments,  and  in  fixing  and  adjusting  them 
ments  are  of  the  same  length  and  construe-  on  their  pedestals.  In  some  telescopes  this 
tion,  if  possible,  with  the  same  eyepiece.  2.  defect  is  very  striking,  but  it  is  in  some  mea- 
A  diflerence  of  eight  or  ten  times  in  the  mag-  sure  perceptible  in  the  great  majority  of  instru- 
nifying  power  will  sometimes,  on  certain  ob-  ments  which  I  have  had  occasion  to  inspect 
jects,  give  quite  a  difiS^rent  character  to  a  Even  in  large  and  expensive  achromatic  tele- 
telescope.  It  has  been  found  by  various  ex-  scopes  this  defect  is  sometimes  observable.  I 
periments  that  object-glasses  of  two  or  three  have  an  achromatic  whose  object  glass  is  4j*^th 
inches  longer  focus  will  produce  different  inches  diameter,  which  was  much  improved 
vision  with  the  same  eyepiece.  3.  Care  musl  in  its  defining  power  by  being  unscrewed  from 
be  taken  to  ascertain  diat  the  eyeglasses  are  its  original  position,  or  turned  round  its  axis 
perfectly  clean  and  free  from  defects.  The  about  one-eighth  part  of  its  circumference, 
defects  of  glass  are  either  from  veins,  specks,  This  defect  is  best  detected  by  looking  at  a 
scratches,  colour,  or  an  incorrect  figure.  To  large  printed  bill,  or  a  signpost  at  a  distance, 
discover  veins  in  an  eye  or  an  object^lass,  when  on  turning  round  the  telescope  or  object- 
place  a  candle  at  the  distance  of  four  or  five  glass,  the  letters  will  appear  much  better  de- 
yards  ;  then  look  through  the  glass,  and  move  fined  in  one  position  than  in  another.  The 
itfirom  your  eye  till  it  appear  fiill  of  Hght;  position  in  which  the  object  appears  least 
you  will  then  see  every  vein,  or  other  imper-  distinct  is  when  the  upper  part  of  the  tele- 
fection  in  it,  which  may  distort  the  objects  jacope  is  a  quadrant  of  a  circle  diflerent  from 
and  render  vision  imperfect  Specks  or  the  two  positions  above  stated,  or  af  an  equid 
scratches,  especially  in  object-glasses,  are  not  distance  from  each  of  them, 
so  injurious  as  veins,  fi>r  they  do  not  dirtort  7.  On  the  mode  of  determining  the  mag* 
the  object,  but  only  intercept  a  portion  of  the  nifyins  Power  of  TeltacopeB^^hi  regard  to 
light  4.  We  cannot  judge  accurately  of  the  refractmg  telescopes,  we  have  already  shown 
excellence  of  any  telescope  by  observing  ob-  tliat,  when  a  single  eyeglass  is  used,  the  mag- 
jects  with  which  we  are  not  familiarly  ac-  nifying  power  may  be  found  by  dividing  the 
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focal  distance  of  the  object-glass  bj  that  of  cover;  then  connt  the  coaraes  of  bdAs  io 

the  eyeglass ;  but  when  a  Huygenian  eye-  diat  extent  and  it  will  give  the  magnifying 

piece,  or  a  four-glass  terrestrial  eyepiece,  such  power  of  the  telescope.    It  is  to  be  observed, 

as  is  now  common  in  achromatic  telescopes,  however,  that  the  magnifying  power  deter- 

is  used,  the  magnifying  power  cannot  be  as-  mined  in  this  way  will  be  a  fraction  greater 

oertained  in  this  manner;  and  in  some  of  the  than  for  very  distant  objects,  as  the  fooal  dis- 

dclicate  observations  of  practical  astronomy,  tanceofthe  telescope  is  necessarily  lengthened 

it  is  of  the  utmost  importance  to  know  the  in  order  to  obtain  distinct  vision  of  near  objects, 

exact  magnifying  power  of  the  instrument  In  comparing  the  magnifying  powers  of 

with  which  the  observations  are  made,  particu-  two  telescopes,  or  of  the  same  telescope  wben 

larly  when  micrometrical  measurements  are  difierent  magnifying  powers  are  employed.  I 

employed  to  obtain  the  desired  results.    The  generally  use  the  fc^owing  simple  method, 

following  is  a  general  method  of  finding  the  The  telescopes  are  placed  at  eight  or  ten  feet 

magnifying  powers  of  telescopes  when  the  distant  from  a  window,  with  their  eye^nds 

instrument  called  a  (fyname^«r  is  not  employed,  parallel  to  each  other,  or  at  the  same  distance 

and  it  answers  for  renacting  and  reflecting  tele-  from  the  window.    Looking  at  a  distant  ob- 

scopes  of  every  description.  ject,  I  fix  upon  a  portion  of  it  whose  magni- 

Having  put  up  a  small  circle  of  paper  an  fied  image  will  appear  to  fill  exactly  two  or 
inch  or  two  in  diameter  at  the  distance  of  three  panes  of  the  window ;  then,  patting  on 
about  100  yards,  draw  upon  a  card  two  black  a  difiierent  power,  or  looking  through  another 
parallel  fines,  whose  distance  from  each  other  telescope,  I  observe  the  same  object,  and  mark 
is  equal  to  the  diameter  of  the  paper  circle ;  exactly  the  extent  of  its  image  on  the  window- 
then  view  through  the  telescope  the  paper  panes,  and  compare  the  extent  of  the  one  image 
circle  with  one  eye,,  and  the  parallel  lines  with  with  the  other.  Suppose,  for  example,  that  the 
the  other,  and  let  the  parallel  lines  be  moved  one  telescope  has  been  preriously  found  to  mag- 
near^  to  or  frirther  fivm  the  eye,  till  they  nify  ninety  times,  and  that  the  image  of  the 
seem  exactly  to  cover  the  small  circle  viewed  object  fixed  upon  exactly  fills  three  panes  of 
through  the  telescope;  the  quotient  obtained  the  window,  and  that  with  the  other  power  or 
by  dividing  the  distance  of  the  paper  circle  by  the  other  telescope  the  image  fills  exactly  two 
the  distance  of  the  parallel  lines  from  the  eye  panes,  then  the  magnifying  power  is  equal  to 
will  be  the  magnifying  power  of  the  telescope,  two-thirds  of  the  former,  or  sixty  times ;  and 
It  requires  a  little  practice  before  this  experi-  were  it  to  fill  only  one  pane,  the  power  would 
ment  can  be  performed  with  accuracy.  The  be  about  thirty  times.  A  more  correct  method 
one  eye  must  be  accustomed  to  look  at  an  is  to  place  at  one  side  of  the  window  a  narrow 
object  near  at  hand,  while  the  other  is  looking  board  two  or  three  feet  long,  divided  into  fif- 
at  a  more  distant  object  through  the  telescope,  teen  or  twenty  equal  parts,  and  observe  how 
Both  eyes  must  be  open  at  the  same  time,  and  many  of  these  parts  appear  to  be  covered  by 
the  image  of  the  object  seen  through  the  tele-  the  respective  image  of  the  di&rent  tele8a^)e& 
scope  mustCbe  brought  into  apparent  contact  Suppose,  in  the  one  case,  ten  divisions  to  be 
with  the  real  object  near  at  hand.  But  a  little  covered  by  the  image  in  a  telescope  magnify- 
practice  will  soon  enable  any  observer  to  per-  ing  ninety  times,  and  that  the  image  <^  the 
form  the  experiment  with  ease  and  correctness,  same  object  in  another  telescope  measures  six 
if  the  telescope  be  mounted  on  a  firm  stand,  divisions,  then  its  power  is  found  by  the  fol- 
and  its  elevation  or  depression  produced  by  lowing  proportion :  10  :  90  :  :  6  :  54;  that  is, 
rack-work.  this  telescope  magnifies  54  times. 

The  following  is  another  method,  founded  Another  mode  which  I  have  used  for  deter- 

on  the  same  principle :  Measure  the  space  mining,  to  a  near  approximation,  the  powers 

occupied  by  a  number  of  the  courses,  or  rows  of  telescopes,  is  as  follows:  Endeavour  to  find 

of  bricks  in  a  modem  building,  which  upon  the  focus  of  a  single  lens  which  is  exacti; 

an  average,  is  found  to  have  eight  courses  in  equivalent  to  the  magnifying  power  of  the 

two  feet,  so  that  each  course  or  row  is  three  eyepiece,  whether  the  Huygenian  or  the  con» 

inches.    Then  cut  a  piece  of  paper  three  mon  terrestrial  eyepiece.    This  may  be  done 

inches  in  height,  and  of  tlie  length  of  a  brick,  by  taking  small  lens,  and  using  it  as  an  ob- 

which  is  about  nine  inches,  so  that  it  may  ject-glass  to  the  eyepiece.     Looking  througb 

represent  a  brick,  and  fixing  the  paper  against  ^e  eyepiece  to  a  window  and  holding  dio 

the  brick  wall,  place  the  telescope  to  be  ex-  lens  at  a  proper  distance,  observe  whether  the 

amined  at  the  distance  of  about  80  or  100  image  of  one  of  the  panes  exactly  coincides 

yards  firom  it    Now,  looking  through  the  with  the  pane  as  seen  by  the  naked  eye ;  if 

telescope  at  the  paper  with  one  eye,  and  at  it  does,  then  the  magnifying  power  of  the 

the  same  time,  with  the  other  eye,  looking  eyepiece  is  equal  to  that  of  tihe  lens.    If  lbs 

past  the  telescope,  observe  what  extent  of  wall  lens  be  half  an  inch  in  focal  length,  the  ey^ 

the  magnified  image  of  the  paper  appears  to  piece  will  produce  the  same  magnifying  power 
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as  a  mngle  tens  when  used  as  an  eyeglass  to  product  by  their  diflference,  wo  shall  again 

the  telescope,  and  the  magnifying  power  will  obtain  the  distance  of  the  terrestrial  object 

then  be  found  by  dividing  the  focal  distance  f^n,  the  telescope.    Thus,  iilitJl— 1318 

of  Jeobject-gtoM  by  that  of  tfie eyeglass;  but  j^^hes- 101.6  feet,  or  33  yards  2i  feet 

If  the  unage  of  the  pane  of  glass  does  not  j.^^  magnifying  power  of  a  telescope  is 

exacUy  comade  with  the  pane  as  seen  by  the  ^Iso determined  by  measuririglhe  image  ^ch 

other  ^e,  ^n  proporUonal  parts  may  bo  the . object-glass  or  the  large  speculum  of  * 

taken  by  observing  the  divisions  of  such  a  ^^^     f^^^^  ^^  ^^^  ^^^^f  This  is  ao 

board  as  desmbed  above,  or  we  may  try  lenses  y^^^  ^   ^j^ans  of  an  instrument  called 

of  different  focal  distances.    S«PP<;««»  ^^  «"  e^  Dunameter.    Thb  apparatus  consists  of  a 

ample,  that  a  lens  two  inches  focal  length  had  ^  ^  ^^  mother-of-pearl,  marked  with  equal 

been  used,  and  that  the  image  of  a  pane  divisions,  from  the  ^iffth  to  the  ^Affth  of  an 

covered  exacUy  Ae  space  ot  two  panes,  the  jn^hapart,  according  to  the  accuracy  required. 

power  of  the  eyepiece  is  Aen  equal  to  that  ^j^  ^^^^^  -^  ^^^^^  to  a  magnifying  lens 

""^rJi.*"?!?  ***™  ""f  """^  "S,     '"^  distance.  .^  -^  ^        ^  ^^^^^  ^  ^^^  t^^  ^^^H  ^^. 

The  followmg  is  another  mode  depending 
on  the  same  general 

writing-paper  one  inc  ^      ^ 

same  material  one  inch  in  dianjeter,  be  pla^d  Q^^^g  ti^'^aYdyii^miiir  next  the  eyZ 

on  a  bla^  ground  at  from  30  to  50  yards'  ^       f^^  him  observe  how  many  divisions  the 

distance  from  the  object^nd  of  the  telescope,  |^^j  ^j^^,^  ^^  ^  j^^  occupies  when  the  instru- 

and  a  staff  pamted  white,  and  divided  into  ^^^^  ^  ^-^^^  ^  ^  ^^^^  ^^^.  t^en,  by 

mches  and  parts  by  strong  black  lines,  be  jj^jj       ^^  diameter  of  the  object-glass  by 

placed  vertically  near  the  said  paper  or  disk,  ^j^^  ^^^^^^  ^^  ^^  ^^^  ^f  ^y^^  ^^     ^^^ 

the  eye  that  is  directed  through  the  telescope  ^y,  ^^  ^btained-t   The  most  accurate  instniT 

when  adjusted  for  vision  wjll  see  the  magm-  ^^^^^  ^f  ^^  ^^^  ^  ^^  ^^„^^  j          j) 

fied  disk,  and  the  other  eye  lookmg  along  the  ^^^^^  j^^^^tg^  ^    Ramsdcn,  and  another 

outside  of  the  telescope,  will  observe  the  num-  ^^  ^^  ^^^  principle  now  made  by  Dollond, 

berofinches  and  parts  that  the  disk  projected  ^  particular  description  of  which  may  bo 

on  it  will  just  cover,  and  as  many  inchw  as  ^^^^^  -^^  p^  Pearson's  « Introduction  to  Prao- 

me  thus  covered  will  indicate  the  magnifying  ^^^  Astronomy."    The  advantage  attending 

power  of  the  telescope,  at  the  distance  for  ^1^^^^  dynameters  is,  that  they  do  not  require 

which  It  18  adjusted  for  distinct  vision.    The  knowledge  of  the  thickness  and  focal 

solar  power,  or  powers  for  very  distant  objects,  lengths  of  any  of  the  lenses  employed  in  a 

may  be  obtained  by  the  following  proportion:  telescope,  nor  yet  of  their  number  and  rela- 

As  the  terrestrial  focal  length  at  the  given  ^^^^  positions;  neither  docs  it  make  any  dif- 

distance  is  to  the  solar  focal  tength,  so  is  the  ference  whether  the  construction  be  refracting 

terrestrial  to  the  solar  power.    For  example,  ^^  ^fleeting,  direct  or  inverting.    One  ope- 

a  disk  of  white  paper  one  inch  m  diameter  ^^^^  includes  the  result  ariang  from  the 

was  placed  on  a  black  board,  and  suspend^  ^^^  complicated  construction. 

i»n  a  wall  contiguous  to  a  vortical  black  staff  j  ^^^^^  o„,    mention  further  the  following 

that  was  graduated  into  mches  hy  strong  method  of  discovering  the  magnifying  power, 

white  hues,  at  a  distance  of  83  yards  2*  feet,  ^^^^  -^  founded  on  the  same  general  prin- 

and  when  the  adjustment  for  vision  was  made  •  j^  ^  alluded  to  above.    Let  the  telescope 

with  a  42  inch  telescope,  the  left  eye  of  the  ^    j^^^  -^  ^^^^  ^  position  opposite  the  sun 

observer  viewed  the  disk  projected  on  the  that  the  rays  of  light  may  fell  perpendicularly 

8ta^  white  the  right  eye  observed  that  the  ^^  the  object-glass;  the  pencU  of  rays  may 

enlarged  image  of  the  disk  covered  just  58*  ^  received  on  a  piece  of  paper,  and  ite  diamo- 

mches  on  the  staff,  which  number  was  ttie  je,  measured.    Then,  as  the  diameter  of  the 

measure  of  the  magnifying  power  at  toe  dw-  ^^j  ^^         ^  to  that  of  the  object-glass,  so 

tance  answering  to  33  yards  2^  fee^hich  in  ^  the  magnifying  power  of  the  telescope, 

this  case  exceeded  the  solwr  focus  by  an  inch  g    q^  Cleaning  the  Lemea  of  Telescopes. 

and  a  halt    Then,  accordmg  to  the  above  _jt  is  necessary,  in  order  to  distinct  vision, 

analogy,  we  have,as.43.5:  42:  :  68.5:  56.5  that  the  glasses,  particularly  the  eyeglasses 

nearfy.    Henc«  the  magnifymg  power  due  to  ^^  tetescopes,  be  kept  perfecUy  dean,  free  of 

the  solar  focal  length  of  the  telescope  mques-  jamp,  dust,  or  whatever   may  impede  the 

tion  is  56.5,  and  the  distance,  33  yards  2^  transmission  of  the  rays  of  light;  but  great 

feet,  is  that  which  corresponds  to  an  clonga-  ^^tion  ought  to  be  exercised  in  the  wiping 

tion  of  the  solar  focal  distance  an  inch  imd  a  ^^  them,  as  they  are  apt  to  be  scratched  or 

^'\  ^  T^^^^^I  ^l  'T!?^  ^1^  t  THe  mother^f-pearl  dyaameter  may  bs  par- 

•Olar  focal  distances  together,  and  divide  the  ehated  for  about  twelve  stailliiigi.    Bee  fig.  57,  a, 

•  Pearson's  "Praetlcal  Astronomy,"  vol.  it.  ^,  o,  p.  W 
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aflierwise  injured  by  a  roagh  and  ineauticnis  some  of  the  objects  aa  whieb  I  have  tmd 
mode  of  cleaning  them.    They  diould  ne^er  many  amusing  experiments  with  teleacopes 
be  attempted  to  be  wiped  unless  they  really  fitted  np  with  the  long  tabes  to  which  I  al- 
require  it ;  and  in  this  case,  they  diould  be  lode.    The  telescope  to  which  I  shall  more 
wiped  carefully  and  gently  with  a  piece  of  paiticularly  advert  is  an  acfarcRDatic,  mounted 
new  and  soft  lamb*s-8kin  leather ;  if  this  be  on  a  pedestal,  having  an  object-glass  about 
not  at  handy  a  piece  of  fine  silk  paper,  or  fine  nineteen  indies  focal  length,  and  l|ths  of  an 
clean  linen   may  be  used  as  a  substitute,  inch  in  diameter,  with  magnifying  powers  fin 
The  lens  which  requires  to  be  most  particu-  distant  objects  of  thirteen  and  twenty  time& 
larly  attended  to  is  the  second  glass  from  the  When  this  instrument  is  directed  to  a  minia- 
eye,  or  the  field-glass ;  for  if  any  dust  or  other  ture  portrait  3^  inches  in  length,  placed  in  a 
impediment  be  found  upon  this  glass,  it  is  good  light,  at  the  distance  of  about  eight  or 
always  distinctly  seen,  being  magnified  by  the  ten  feet,  it  appears  as  large  as  an  oil-painting 
glass  next  the  eye.    The  next  glass  which  four  or  five  feet  long,  and  vqiraaents  the  in- 
requires  attention  is  the  fourth  from  the  eye,  dividual  as  large  as  life.    The  features  of  the 
or  that  which  is  next  the  object    Unless  &ie  feoe  appear  to  stand  out  in  bold  relief;  and 
glass  next  the  eye  be  very  dusty,  a  few  small  perhaps  there  is  no  representatku  of  the  ho- 
spots  or  grains  of  dust  are  seldom  perceptible,  man  figure  that  more  resembles  the  living 
The   obJMt-glass  of  an  achromatic  should  prototype  than  in  this  exhibition  provided  the 
seldom  be  touched  unless  damp  adheres  to  it  miniature  is  finely  executed.     In  this  caae 
Care  should  be  taken  never  to  use  pocket-  the  tube  requires  to  be  pulled  oat  four  or  five 
handkerchiefii  or  dirty  rags  for  wiping  lenses,  inches  from  the  point  of  distinct  vision  for 
From  the  frequent  use  of  such  articles,  the  distant  objects,  and  consequently  the  magnify 
glasses  of  seamen's  telescopes  get  dimmed  ing  power  is  proportionally  increased.    An- 
and  scratched  in  the  course  of  a  few  years,  other  class  of  objects  to  which  such  a  tele- 
If  the  gtasses  be  exceedingly  dirty,  and  if  scope  may  be  applied  is  Penpeeiivt  Pnnti, 
greasy  substances  are  attached  to  them,  they  either  of  public  buildings^  stxeets,  or  land- 
may  be  soaked  in  spirits  and  water,  and  scapes.     When  viewed  in  this  way  they  pie- 
ailerward  carefully  wiped.    In  replacing  the  sent  a   panoramic   appearance,  and    seem 
glasses  in  their  socket,  care  should  be  taken  nearly  as  natural  as  life,  just  in  the  same 
not  to  touch  the  surfeces  with  the  fingers,  as  manner  as  they  appear  in  ^e  Optical  Diago- 
they  would  be  dimmed  with  the  perspiration :  nal  Macbine,  or  when  reflected  in  a  laiga 
they  should  be  taken  hold  of  by  the  edges  concave  mirror,  with  this  advantage,  tfaAt 
only,  and  carefully  screwed  into  the  same  while  in  these  instruments  the  left4iand  side 
cells  from  which  they  were  taken*  o(  the  print  appears  where  the  light  should 

be,  the  objects  seen  thious^  the  telescope  ap- 

Oir   MK.A1ASC0F.S,    0>   TILIBCOn.   tOlt  ,^      j„    ,^^   „^    ^^   £ 

It  appears  to  have  been  almost  overlooked  a  amall  magnifying  power,  not  exceeding 
by  opticians  and  others,  that  telescopes  may  five  or  six  times,  so  as  to  take  in  the  whole 
be  constructed  so  as  to  exhibit  a  beautiful  and  of  the  landscape.  If  an  astronomical  eye- 
minute  view  of  very  near  objects,  and  to  pro-  piece  be  used,  the  print  will  require  to  be  in- 
duce even  a  microscopic  efiect  without  the  verted. 

least  alteration  in  the  arrangement  of  the       Other  kinds  of  objeotswhidi  may  be  viewed 

"^nses  of  which  they  are  rv^mposed.    This  with  this  instrument  are  trees^fiowers,  and  other 

object  is  efiected  cumply  by  making  the  eye-  objects  in  gardens  immediately  adjacent  to  the 

tube  of  a  telescope  of  such  a  length  as  to  be  apartment  in  which  we  make  our  observatioDS.. 

capable  of  being  drawn  out  twelve  or  thirteen  In  this  way  we  may  obtain  a  distinct  view  of 

inches  beyond  Uie  point'of  distinct  vision  for  a  variety  oi  ruial  objects,  which  we  cannot 

distant  objects.    The  telescope  is  then  ren-  easily  i^proach,  such  as  the  buds  and'bloasoms 

dered  C24>able  of  exhibiting  with  distinctness  on  the  tops  of  trees,  and  the  insects  with 

all  kinds  of  objects,  from  tibe  most  distant  to  wludi  they  may  be  infested.    There  are  cer- 

those  which  are  placed  within  three  or  four  tain  objects  on  which  the  telescope  may  be 

feet  of  the  instrument,  or  not  nearer  than  made  to  produce  a  powerful  microscopica]  €§- 

double  the  focal  distance  of  the  object-glass,  feet,  such  as  the  more  delicate  and  bp&atifiil 

Our  telescopes,  however,  are  seldom  or  never  kinds  of  flowers,  the  leaves  of  trees,  and  aimi- 

fitted  with  tubes  that  elide  further  than  an  lar  objects.     In  viewing  such  objects,  tbe 

inch  or  two  beyond  the  point  of  distinct  vision  telescope  may  be  brought  within  Uttle  nan 

for  distant  objects,  although  a  tube  of  a  longer  than  double  the  focal  distance  of  the  objetf- 

size  than  usual,  or  an  additional  tube,  would  glass  from  the  objects  to  be  viewed,  and  theo 

cost  but  a  trifling  expense.  the  magnifying  power  is  very  cooaidexably  m 

The  following,  among  many  others,  are  creased.    A  nosegay  oamposed  oi  a  varied 
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of  delicate  fiowsn,  and  even  a  single  flower,  tinct  vision  may  be  made  eiflier  by  the  tliding- 

sQch  as  the  sea  pink,  makes  a  splendid  a|^  tube,  or  by  removing  the  telescope  nearer  to 

pearance  in  this  way.    A  peacock's  feather,  or  further  from  the  object 
or  even  the  fibres  on  a  common  quill,  appear 

very  beautiful  when  placed  in  a  proper  light  beflsctioitb  ox  ltost  axd  risroir,  asd  oir 
The  leaves  of  trees,  particularly  the  leaf  of  the  itaturs  axd  utilitt  of  telescopes. 
the  plane-tree,  when  placed  against  a  window- 
pane,  so  that  the  Ught  may  shine  through  Light  is  one  of  the  most  wonderful  and 
them,  appear,  in  all  their  internal  ramifica-  beneficial,  and,  at  the  same  time,  one  of  the 
tions,  more  distinct,  beautiful,  and  interest-  most  mysterious  agents  in  the  material  crea- 
ing,  than  when  viewed  in  any  other  way ;  tion.  Though  the  sun  fipom  which  it  flows 
and  in  such  views  a  laige  portion  of  the  ob-  to  this  part  of  our  system  is  nearly  a  hundred 
ject  is  at  once  exhibited  to  the  eye.  In  this  millions  of  miles  from  our  globe,  yet  we  per- 
case«  the  eyepiece  of  such  a  telescope  as  that  ceive  it  as  evidently,  and  feel  its  influence  as 
alluded  to  requires  to  be  drawn  out  twelve  or  powerfully,  as  if  it  emanated  from  no  higher 
fourteen  inches  beyond  the  point  of  distinct  a  region  than  the  clouds.  It  supplies  life  and 
vision  for  objects  at  n  distance,  and  the  dis-  comfort  to  our  physical  system,  and  without 
tance  between  these  near  objects  and  the  its  influence  and  operations  on  the  various 
objectNond  of  the  telescope  is  only  about  3^  objects  around  us,  we  could  scarcely  subsist 
feet  and  participate  of  enjoyment  for  a  single  hour. 
A  telescope  having  a  diagonal  ^epiece  It  is  diflused  around  us  on  every  hand  from 
presents  a  very  pleasant  view  of  near  objects  its  fountain,  the  sun ;  and  even  the  stars, 
in  this  manner.  With  an  instrument  of  this  though  at  a  distance  hundreds  of  thousands 
kind  I  have  frequently  viewed  the  hirger  kind  of  times  greater  than  that  of  the  solar  orb, 
of  small  objects  alluded  to  above,  such  as  the  transmit  to  our  distant  region  a  portion  of  this 
leaves  of  shrubs  and  trees,  flowers  consisting  element  It  gives  beauty  and  fertility  to  the 
of  a  variety  of  parts,  the  fibres  of  a  peacock's  earth,  it  supports  the  vegetable  and  anhnal 
feather,  and  similar  objects.  In  this  case,  the  tribes,  and  is  connected  with  the  various  mo- 
objectrglaas  of  the  instrument,  which  is  10^  tions  which  are  going  forward  throughout  the 
inches  focal  length,  was  brought  within  22  system  of  the  universe.  It  unfolds  to  us  the 
inches  of  the  object,  and  the  eye  looked  down  whole  scenery  of  external  nature ;  the  lofty 
upon  it  in  the  same  manner  as  when  we  view  mountains  and  the  expansive  plains,  the  ma- 
objects  in  a  compound  microscope.  A  com-  jestic  rivers  and  the  mighty  ocean ;  the  trees, 
mon  pocket  achromatic  telescope  may  be  used  &e  flowers,  the  crystal  streams,  and  the  vast 
for  the  purposes  now  stated,  provided  the  tube  canopy  of  the  sky,  adorned  with  ten  thousands 
in  the  eyepiece  containing  the  two  lenses  next  of  shining  orbs.  In  short,  there  is  scarcely  an 
the  object  be  taken  out,  in  which  case  the  two  object  within  the  range  of  our  contemplation 
glasses  next  the  eye  form  an  astronomical  but  what  is  exhibited  to  our  understanding 
eyepiece,  and  the*  tubes  may  be  dravm  out  through  the  medium  of  light,  or  at  least  bears 
five  or  six  inches  beyond  the  focal  point  for  a  certain  relation  to  this  enlivening  and  uni- 
distant  objects,  and  wUl  produce  distinct  vision  versal  agent  When  wc  consider  the  extreme 
ibr  objects  not  further  distant  than  about  20  minuteness  of  the  rays  of  light,  their  incon- 
or  24  inches;  but  in  this  case,  the  objects  to  ceivable  velocity,  the  invariable  laws  by  which 
be  viewed  must  be  inverted,  in  order  that  they  they  act  upon  all  bodies,  the  mnltifatious 
may  be  seen  in  their  natural  positions  when  phenomena  produced  by  their  inflectiofts,  re- 
viewed through  the  instrument  Telescopes  fractions,  and  reflections,  while  their  original 
of  a  large  size  and  high  magnifying  powers  pro()erties  remain  the  same ;  the  endless 
may  likewise  be  used  with  advantage  for  variety  of  colours  they  produce  on  every  part 
viewing  very  near  objects  in  gardens  adjacent  of  our  terrestrial  creation,  and  the  facility  with 
to  the  room  in  which  the  instruments  are  which  millions  of  rays  pass  through  the  small- 
plaoed,  provided  the  sliding^tube  next  the  eye  est  apertures,  and  pervade  substances  of  great 
has  a  range  of  two  or  three  inches  beyond  the  density,  while  every  ray  passes  forward  in  tlie 
point  of  vision  for  distant  objects.  In  this  crowd  without  disturbing  another,  and  pro- 
case,  a  magnifying  power  of  100  times  on  a  duces  its  own  specific  impression,  we  cannot 
3^  or  a  five  feet  achromatic  produces  a  very  but  regard  this  eleiAent  as  the  most  wonder- 
pleasant  effect  In  making  the  observations  ful,  astonishing,  and  delightful  part  of  the 
to  which  I  have  now  alluded,  it  is  requisite  in  material  creation.  When  we  consider  the 
order  to  distinct  vision,  and  to  obtain  a  pleasing  admirable  beauties  and  the  exquisite  ploa- 
Tiew  of  the  objects,  that  the  instrument  should  sures  of  which  light  is  the  essential  source, 
be  placed  on  a  pedestal,  and  capable  of  motion  and  how  much  its  nature  is  still  involved  in 
in  every  direction.    The  adjustment  for  dis-  mystery,  notwithstanding  the  profound  invea* 

(893) 
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tigatioDS  of  modem  philoaophert,  vre  may  well  detennine  its  figure  and  diiiieiiflioiia>  and  de 

exclaim  with  the  poet,  lineale  every  r^^on  of  it;  yea,  that  we  cat* 

V  .. «   ^  ^  ..  ^^^  I*.-  meaaare  the  planetary  orlw,  and  make  die- 

••  How  iben  shall  I  anempt  Co  iinf  of  Him  .      •    .u  ^j.         e  txT^a^   i  ^  41 

Who.  liehi  hiniMlf,  in  uncreaied  liKht  covenes  in  the  sphere  of  the  fixed  stars.  And 

laveitcd  deep,  dwells  awfully  reiired  if  they  were  further  informed  that,  by  means 

From  mortal  eye  or  angel's  purer  ken ;  ^f  this  same  organ,  we  can  perceive  the  tein- 

Whose  smzlfl  smile  has,  from  the  first  of  time,  ,  ,.        ^         «u  •  ^     te 

Filled,  overflowin«,  all  yon  lamps  of  heaven,         PC«  end  dispositions,  tbe  passions  and  a&<v 
That  beam  for  ever  through  the  boundless  sky."    tions  of  oar  fellow-creatuies,  even  when  they 

Thoxsom.      want  most  to  conceal  them;  that  whra  the 

The  eye  is  the  instrument  by  which  we  tongue  is  taught  most  artfully  to  lie  and  die- 
perceive  the  beautiful  and  multifiiiious  eflccts  aemble,  the  hypocrisy  should  appear  in  the 
of  this  universal  agent  Its  deUcate  and  com-  countenance  to  a  discerning  eye;  and  that 
plicated  structure;  its  diversified  muscles;  its  by  this  organ  we  can  oaen  perceive  what  is 
coats  and  membranes ;  its  different  humours,  straight  and  what  crooked  in  the  mind  as  well 
possessed  of  different  refractive  powers;  and  ««  in  the  body,  would  it  not  appear  still  more 
the  various  contrivances  for  peiforming  and  astonishhig  to  beings  such  as  we  have  now 
regulating  its  external  and  internal  motions,   supposed  ^* 

BO  as  to  accomplish  the  ends  intended,  clearly  Notwithstanding  these  wonderful  propertieB 
demonstrate  this  organ  to  be  a  masterpiece  of  the  organ  of  vision,  the  eye,  when  unassirt- 
of  Divine  mechanism— the  workmanship  of  ed  by  art,  is  comparatively  limited  in  the 
Him  whose  intelligence  surpasses  conception,  range  of  its  powers.  It  cannot  ascertain  the 
and  whose  wisdom  \m  unsearchable.  "  Our  existence  of  certain  objecto  at  the  distance  of 
sight,"  says  Addison,  "  is  the  most  perfect  three  or  four  miles,  nor  perceive  what  is  going 
and  delightful  of  all  our  senses.  It  fills  the  forward  in  nature  or  art  beyond  such  a  limit 
mind  with  the  largest  variety  of  ideas,  con-  By  it"  natural  powers  we  perceive  the  moon 
verses  with  its  objecU  at  the  greatest  distance,  to  be  a  globe  about  half  a  degree  in  diameter, 
and  continues  the  longest  in  action,  without  and  diversified  with  two  or  three  dosky  spots, 
being  tired  or  satiated  with  its  proper  enjoy-  and  that  the  sun  is  a  luminous  body  of  appa- 
ments.  The  sense  of  feeling  can  indeed  give  renUy  the  same  size ;  that  the  planets  are  hi- 
us  a  motion  of  extension,  shape,  and  all  other  minous  points,  and  that  about  a  thousand 
ideas  that  enter  the  eye  except  colours;  but,  «tars  exist  in  the  visible  canopy  of  the  sky. 
at  the  same  time,  it  is  very  much  strained,  and  But  the  ten  thousandth  part  of  those  Inmi- 
confined  in  its  operation  to  the  number,  bulk,  naries  which  are  within  the  readi  of  bnmsn 
and  distance  of  its  particular  objects.  Our  viaion  can  never  be  seen  by  the  unassisted 
sight  seems  dengned  to  supply  all  these  de-  eye.  Here  the  tblescopb  interposes,  and 
fects,  and  may  be  considered  as  a  more  delicate  ^^^  ^  new  power  to  the  organ  of  viaon,  by 
and  diffusive  kind  of  touch,  that  spreads  itself  which  it  is  enabled  to  extend  its  views  to  re- 
over  an  infinite  multitude  of  bodies,  compre-  gions  of  space  immeasurably  distant  and  to 
hends  the  largest  figures,  and  brings  into  our  objects,  the  number  and  magnitude  of  which 
reach  some  of  the  more  remote  parts  of  tbe  could  never  otherwise  have  been  surmised  hy 
universe."  the  human  imagination.    By  its  aid  we  ob- 

Could  we  suppose  an  order  of  beings  endued  tain  a  sensible  demonstration  that  space  is 
with  every  human  faculty  but  that  of  sight,  it  boundless ;  that  the  universe  is  replenished 
would  appear  incredible  to  such  beings,  accus-  with  innumerable  suns  and  worlds;  that  the 
tomed  only  to  the  slow  information  of  touch,  remotest  regions  of  immensity,  immeasurably 
that  by  the  addiUon  of  an  organ  consisting  of  beyond  the  limits  of  unassisted  virion,  display 
a  ball  and  socket,  of  an  mch  in  diameter,  they  the  energies  of  Creating  Power ;  and  that  the 
might  be  enabled,  in  an  instant  of  time,  with-  empire  of  the  Creator  extends  far  beyond 
out  changing  their  place,  to  perceive  the  dis-  ^bat  eye  hith  seen  or  the  human  imagina- 
jwrtition  of  a  whole  army,  tbe  order  of  a  battle,   tion  can  conceive. 

the  figure  of  a  magnificent  palace,  or  all  the  The  telescope  is  an  instrument  of  a  much 
variety  of  a  landscape.  If  a  man  were  by  more  wonderful  nature  than  what  most  pe<^ 
feeling  to  find  out  the  figure  of  the  Peak  of  are  apt  to  imagine.  However  popular  such 
Tencriffe,  or  even  of  St  Peter's  Church  at  instruments  now  are,  and  however  ooromoo  a 
Rome,  it  would  be  the  work  of  a  lifetime.  It  circumstance  it  is  to  contemplate  objects  at  a 
would  appear  still  more  incredible  to  such  gfeat  distance  which  the  naked  eye  cannot 
beings  as  we  have  supposed,  if  they  were  in-  discern,  yet,  prior  to  their  invention  and  im- 
formed  of  the  discoveries  which  may  be  made  provement,  it  would  have  appeared  a  thing 
by  this  little  organ  in  things  far  beyond  the  most  mysterious,  if  not  impossible,  that  dbjecU 
reach  of  any  other  sense,  that  by  means  of  it  at  the  distance  of  ten  miles  coukl  be  made  to 
we  can  find  our  way  in  the  pathless  ocean ;   appear  as  if  within  a  few  yards  of  us,  and  that 

that  we  can  traverse  the  globe  of  the  earth,   %  Raid's  Inquiry  into  tbe  Homaa  Hlad,  chap,  iv 
(864)  '  ^       r 
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■ome  of  the  heavenly  bodies  could  be  seen  as  ferent,  and  even  in  an  opposite  direction,  or 
distinctly  as  if  we  had  been  transported  by  to  stand  with  tbe  back  directly  opposed  to  it, 
some  superior  power  hundreds  of  millions  of  and  to  behold  all  the  parts  of  it,  invisible  to 
miles  beyond  the  bounds  of  our  terrestrial  ha-  the  naked  eye,  most  distinctly  in  this  way,  he 
bitation.  Who  could  ever  have  imagined,  would  doubtless  have  considered  the  prophet 
reasoning  aprwrif  that  the  refraction  of  light  as  an  enthusiastic  foot  or  a  raving  madman, 
in  glass— the  same  power  by  which  a  straight  Tet  these  things  have  been  realized  in  modem 
rod  appears  crooked  in  water,  by  which  vision  times  in  the  fullest  extent  In  the  Gregorian 
is  variously  distorted,  and  by  which  we  are  reflecting  telescope,  an  opaque  body,  namely, 
liable  to  innumerable  deceptions — that  that  the  small  speculum  near  the  end  of  the  tube, 
same  power  or  law  of  nature,  by  the  operation  interposes  directly  between  the  eye  and  the 
of  which  the  objects  in  a  landscape  appear  dis-  object  In  the  Newtonian  reflector,  and  in  ' 
torted  when  seen  through  certain  panes  of  the  dhgonal  eyepieces  formerly  described,  the  ' 
glass  in  our  windows,  that  that  power  should  eye  is  directed  in  a  line  at  right  angles  to  the 
ever  be  so  modified  and  directed  as  to  extend  object,  or  a  deviation  of  90  degrees  from  the  I 
the  boundaries  of  vision,  and  enable  us  clearly  direct  line  of  vision.  In  Herschers  large  tele-  i 
to  distinguish  scenes  and  objects  at  a  distance  scopes,  and  in  the  Aerial  Rejledor  formerly  | 
a  thousand  times  beyond  the  natural  limits  of  described,  (in  p.  112-1 17,)  the  back  is  turned 
our  visual  organs  1  Yet  such  are  tbe  disco-  to  the  object,  and  the  eye  m  an  opposite  direo-  , 
veries  which  science  has  achieved,  such  the  tion.  ' 
powen  it  has  brought  to  light,  that  by  glasses  These  circumstances  should  teach  us  humi- 
ground  into  different  forms,  and  properly  lity  and  a  becoming  diflidence  in  our  own 
adapted  to  each  other,  we  are  enabled,  as  it  powers ;  and  they  should  admonish  us  not  to 
were,  to  contract  the  boundaries  of  space,  to  be  too  dogmatical  or  peremptory  in  aflirming 
penetrate  into  the  most  distant  regions,  and  to  what  is  possible  or  impossible  in  regard  either 
bring  within  the  reach  of  our  knowledge  the  to  nature  or  art,  or  to  the  operations  of  the 
most  sublime  objects  in  the  universe.  Divine  Being.  Art  has  accomplished,  in  mo- 
When  Pliny  declared  in  reference  to  Hip-  dem  times,  achievements  in  regard  to  locomo- 
parchus,  the  ancient  astronomer,  **Au9us  rem  tion,  marine  and  aerial  navigation,  the  im- 
Ueo  improbam  annumerare  posterit  stellan*^  provement  of  vision,  the  separation  and  com- 
that  "he  dared  to  enumerate  the  stara  for  binations  of  invisible  gases,  and  numerous 
posterity,  an  undertaking  forbidden  by  God,"  other  objects,  of  which  the  men  of  former  ages 
what  would  that  natural  historian  have  said  could  not  have  formed  the  least  conception ; 
had  it  been  foretold  that  in  less  than  1600  and  even  yet  we  can  set  no  boundaries  to  Um 
yean  afterward  a  man  would  arise  who  should  future  discoveries  of  science  and  the  improve- 
enable  posterity  to  perceive  and  to  enumerate  ments  of  art,  but  have  every  reason  to  indulge 
ten  times  more  new  stara  than  Hipparchus  the  hope  that,  in  the  ages  to  come,  scenes  of 
ever  beheM^who  should  point  out  higher  Divine  mechanism  in  the  system  of  nature  will 
mountains  on  tbe  moon  than  on  the  earth —  be  unfolded,  and  the  e£kcts  of  chemical  and 
who  should  discover  dark  spots  as  large  as  our  mechanical  powere  displayed,  of  which  the 
globe  in  the  sun,  the  fountain  of  light— who  human  mind,  in  its  present  state  of  progress, 
should  descry  four  moons  revolving  in  difler-  cannot  form  the  most  imperfect  idea.  Such 
ent  periods  of  time  around  the  planet  Jupiter,  circumstances  likewise  should  teach  us  not  to 
and  could  show  to  surrounding  senators  the  reject  any  intimations  which  have  been  made 
varying  phases  of  Venus  1  and  that  another  to  us  in  relation  to  the  character,  attributes, 
would  soon  after  arise  who  should  point  out  a  and  dispensations  of  the  Divine  Being,  and 
double  ring  of  six  hundred  thousand  miles  in  the  moral  revelations  of  his  will  given  in  the 
circumference  revolving  around  the  planet  Sacred  Records,  because  we  are  unable  to 
Saturn,  and  ten  hundreds  of  thousands  of  stara  comprehend  every  truth  and  to  remove  every 
which  neither  Hipparchus  nor  any  of  the  an-  difficulty  which  relates  to  the  moral  govem- 
cient  astronomera  could  ever  descry  1  Yet  ment  of  the  Grreat  Ruler  of  the  universe;  for 
these  are  only  a  small  portion  of  the  discoveries  if  we  meet  with  many  circumstances  in  secu- 
made  by  Galileo  and  Herschel  by  means  of  lar  science,  and  even  in  the  common  opera- 
the  telescope.  Had  any  one  prophetically  in-  Uons  of  nature,  which  are  difficult  to  oompre- 
formed  Archimedes,  the  celebrated  geometri-  hend — ^if  even  the  construction  of  such  tele- 
ctan  of  Syracuse,  that  vision  would,  in  after  scopes  as  we  now  use  would  have  appeared  an 
ages,  be  thus  wonderfully  assisted  by  art;  incomprehensible  mystery  to  ancient  philo- 
and,  further,  that  one  manner  of  improving  sophers,  we  must  expect  to  find  difficultief 
vision  would  be  to  place  a  dark,  opaque  body  almost  insurmountable  to  such  limited  minds 
directly  between  the  object  and  the  eye ;  and  as  oura  in  the  eternal  plans  and  moral  arrange- 
that  another  method  would  be,  not  to  look  at  ments  of  the  **  King  Immortal  and  Invisible,'* 
tbe  object,  but  to  keep  the  eye  quite  in  a  di'-  as  delineated  only  in  their  outlines  in  the 
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Sacred  Oracles,  paiticQlarly  those  which  re-  hundredth  part  of  this  distanee.    Snppow  ini 

late  to  the  origin  of  physical  and  moral  evil,  were  carried  forward  by  a  rapid  modoa  tfh 

the  ultimate  destiny  of  man,  and  the  invisible  wards  this  point  at  the  rate  of  a  thousand 

realities  of  a  future  world.  miles  every  hour,  it  would  require  more  than 

The  uTiLiTT  of  the  telescope  may  he  con-  fifty -^even  thousand  yean  before  we  could 

sidered  in  relation  to  the  following  circum-  reach  that  veiy  distant  station  in  space  to 

stances:  which  the  telescope,  in  effui,  transports  us: 

In  the  first  place,  it  may  be  considered  as  so  that  this  instrument  is  far  more  efficient  m 
an  instrument  or  machine  which  virtually  opening  to  our  view  the  scenes  of  the  universe, 
transports  us  to  the  distant  regions  of  space,  than  if  we  were  invested  with  powers  of  loeo- 
When  we  look  at  the  moon  through  a  tele-  motion  to  carry  us  through  the  regions  of 
voope  which  magnifies  SOO  times,  and  survey  space  with  the  rapidity  of  a  camian  ball  at  its 
its  extensive  plains,  its  lofty  peaks,  its  circulsur  utmost  velocity ;  and  all  the  while  we  may  at 
ranges  of  mountains^  throwing  their  deep  at  ease  in  our  terrestrial  apartments, 
diadows  over  the  vales,  its  deep  and  rugged  *  In  the  next  place,  the  telescope  has  been 
caverns,  and  all  the  other  varieties  which  ap-  the  means  of  enlarging  our  ffiewt  of  the  sub" 
pear  on  the  lunar  surface,  we  behold  such  lime  scenes  of  ereaiion  more  than  any  other 
objects  in  the  same  manner  as  if  we  vrefe  instrument  which  art  has  contrived.  Befers 
standing  at  a  point  238,800  miles  from  the  the  invention  of  this  instrument,  the  univeiaa 
earth  in  the  direction  of  the  moon,  or  only  was  generally  conceived  as  cireumscribedwith- 
twelve  hundred  miles  from  that  orb,  reckon-  in  very  narrow  limits.  The  earth  was  cona- 
ing  its  distance  to  be  240,000  miles.  When  dered  as  one  of  the  largest  bodies  in  crea- 
we  view  the  planet  Saturn  with  a  similar  in-  tion ;  the  planets  were  viewed  as  bodies  of  a 
strument,  and  obtain  a  view  of  its  belts  and  far  less  size  than  what  they  are  now  found  to 
satellites,  and  its  magnificent  rings,  we  are  be ;  no  bodies  similar  to  our  moon  were  sua- 
transported,  as  it  were,  through  regions  of  pected  as  revolving  around  any  of  them ;  and 
space  to  a  point  in  the  heavens  more  than  the  stars  were  supposed  to  be  little  more  than 
nine  handred  millions  of  miles  from  the  a  number  of  brilliant  lamps  hung  up  toemh 
sur&ce  of  our  globe,  and  contemplate  those-  a  few  glimmering  rays,  and  to  adorn  the 
august  objects  as  if  we  were  placed  within  canopy  of  our  earthly  habitation.  Such  a 
five  miitions  of  miles  of  the  sur&ce  of  that  wonderful  phenomenon  as  the  ring  of  S«tam 
planet*  Although  a  supernatural  power  vras  never  once  suspected,  and  the  sun  was 
sufficient  to  cany  us  in  such  a  celestial  considered  as  only  a  large  ball  of  fire.  Itvras 
journey  a  thousand  miles  every  day  were  suspected,  indeed,  that  the  moon  was  divers- 
exerted,  it  would  require  more  than  two  thou-  fied  vrith  mountains  and  vales,  and  tttnt  it 
sand  four  hundred  and  sixty  years  before  we  might  posnbly  be  a  habitable  world ;  but 
could  arrive  at  such  a  distant  position ;  yet  the  nofiiing  certainly  could  be  determined  on  this 
telescope,  in  a  few  moments,  transports  our  point,  on  account  ot  the  limited  nature  of  un- 
visual  powers  to  that  far  distant  point  of  sjmce.  assisted  vision.  But  the  telescope  has  been 
When  we  view  with  such  an  instrument  the  the  means  of  expanding  our  views  of  the  ao- 
minute  and  very  distant  clusters  of  stars  in  the  gust  scenes  of  creation  to  an  almost  unlimited 
Milky  Way,  we  are  carried,  in  effect,  through  extent :  it  has  withdrawn  the  vail  which  fbr- 
the  regions  of  space  to  the  distance  of  five  merly  interposed  to  intercept  our  view  of  the 
hundred  thousand  millions  of  miles  from  the  distant  glories  of  the  sky:  it  has  brought  to 
earth ;  for  we  behold  those  luminaries  through  light  five  new  planetary  bodies,  unknown  to 
the  telescope  nearly  as  if  they  were  actually  former  astronomers,  one  of  which  is  more 
viewed  from  such  a  distant  point  in  the  spaces  than  eighty  times  larger  than  the  earth,  and 
of  the  firmament  These  stars  cannot  be  seventeen  secondary  i^anets  vrhich  revolve 
conceived  as  less  than  a  hundred  billions  of  around  the  primary :  it  has  expanded  the 
miles  firom  our  globe,  and  the  instrument  we  dimensions  of  the  solar  system  to  double  the 
have  supposed  brings  them  within  the  two  extent  which  was  formeriy  supposed :  it  has 

enabled  us  to  descry  hundreds  of  comets  which 

*  The  distance  of  Saturn  fi-om  the  snn  b  006,-  would  otherwise  have  escaped  our  unassisted 

000,000  of  mHes ;  it  is  •ometimes  nearer  to.  and  at  vision,  and  to  determine  some  of  their  traiee- 

otiier  times  further  from  the  earth,  according  a»  it  *    •     '      j  _    •  j       e  i  «£  •*  i_ 

is  near  the  point  of  its  opposition  to,  or  conjunc-  *<>"««  ^"^  penods  of  revolutton:   it  has  ex- 

tion  with,  the  sun.    If  this  number  be  divided  by  plored  the  profundities  of  the  Milky  War, 

«I0,  the  supposed  »»«5*fy*njf  Pow""  of  the  tele-  and  enabled  us  to  perceive  hundreds  of  thoo- 
scope,  the  quotient  IS  4,530.000,  which  expresses  j      i?  *u  i     j«j      u        u  ^ 

the  disunce  in  miles  at  which  it  enables  us  to  """"f  °^  ^^^  splendid  orbs,  Where  scarcely 

contemplate  this  planet.    If  this  nnmber  be  sub-  one  is  visible  to  the  naked  eye:  it  has  lai^ 

25f5SS  frj;ra  «*.«»•«».  the  remainder  to  001,-  open  to  our  view  thousands  of  N^mlm,  of 

470,000,  which  expresses  the  number  of  miles  from  JT*     -  j        •  »i         j-  j  *u       _i-  T^ 

the  earth  at  which  we  are  supposed  to  view  Sa-  ^"0"^  descnptions,  dispersed  through  diBer> 

lorn  with  such  an  instrument.  ent  regions  of  the  firmament,  many  of  then 
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roDtamzng  thousands  of  separate  stars:  it  has  that  these  bodies  are  all  constituted  and  ar- 
directed  our  investigations  to  thousands  of  ranged  in  such  a  manner  as  to  fit  them  for 
double,  treble,  and  multiple  stars — suns  re-  being  habitable  worlds ;  and  that  the  sun,  the 
solving  around  suns,  and  systems  around  sjs-  centre  of  this  system,  is  five  hundred  times 
terns;  and  has  enabled  us  to  determine  some  larger  than  the  whole.  Bat,  &r  beyond  the 
of  the  periods  of  their  revolutions :  it  has  limits  of  this  system,  it  has  presented  to  our 
demonstrated  the  immense  distances  of  the  view  a  universe  beyond  the  grasp  of  finite  in- 
starry  orbs  from  our  globe,  and  their  conse-  telligences,  and  to  which  human  imagination 
qucnt  magnitudes,  since  it  shows  us  that,  can  assign  no  boundaries :  it  has  enabled  us 
having  brought  them  nearer  to  our  view  by  to  descry  suns  clustering  behind  suns,  rising 
several  hundreds  or  thousands  of  times,  they  to  view  in  boundless  perspective,  in  proportion 
still  appear  only  as  so  many  shining  points .-  to  the  extent  of  its  magnifying  and  illuminating 
it  has  enabled  us  to  perceive  that  mighty  powers,  the  numbers  of  which  are  to  be  esti- 
changes  are  going  forward  throughout  the  mated,  not  merely  by  thousands,  and  tens  of 
regions  of  immensity — new  stars  appearing,  thousands,  and  hundreds  of  thousands,  but  by 
and  others  removed  from  our  view,  ind  mo-  scores  of  miiUons;  leaving  us  no  room  to 
tions  of  incomprehensible  velocity  carrying  doubt  that  hundreds  of  millions  more  beyond 
forward  those  magnificent  orbs  through  the  the  utmost  limits  of  human  vision,  even  when 
spaces  of  the  firmanent :  in  short,  it  has  assisted  by  art,  lie  hid  from  mortal  view  in  the 
opened  a  vista  to  regions  of  space  so  immea-  unexplored  and  unezplorable  regions  of  im- 
aurably  distant,  that  a  cannon  ball  impelled   mensity. 

with  its  greatest  velocity  would  not  reach  Here,  then,  we  are  presented  widi  a  scene 
tracts  of  creation  so  remote  in  two  thousand  which  gives  us  a  di^lay  of  Omnipotent 
millions  of  years ;  and  even  light  itself,  the  Power  which  no  other  objects  can  unfold» 
swiAest  body  in  nature,  would  require  more  and  which,  without  the  aid  of  the  telescope, 
than  a  thousand  years  before  it  could  traverse  we  should  never  have  beheld ;  a  scene  which 
this  mighty  intervaL  It  has  thus  laid  a  foun-  expands  our  conceptions  of  the  Divine  Being 
dation  for  our  acquiring  an  approximate  idea  to  an  extent  which  the  men  of  former  genera- 
of  the  infinity  of  space,  and  for  obtaining  a  tions  could  never  have  anticipated ;  a  scene 
glimpse  of  the  far  distant  scenes  of  creation,  which  enables  us  to  form  an  approximate  idea 
and  the  immense  extent  of  the  universa  of  Him  who  is  the  "  King  Eternal,  Immortal, 

Again,  the  telescope,  in  consequence  of  the  and  Invisible,*'  who  **  created  all  worlds,  and 
discoveries  it  has  enabled  us  to  make,  has  for  whose  pleasure  they  are  and  were  cre- 
tended  to  amplify  our  eoneeptions  of  the  aftri'  ated."  Here  we  behold  the  operationa  of  a 
butea  and  the  empire  of  the  Deity,  The  Being  whose  power  is  iltimitable  and  unoon- 
amplitudo  of  our  conceptions  of  the  Divine  troUable,  and  which  fiir  transcends  the  corn- 
Being  bears  a  certain  proportion  to  the  expan-  prehension  of  the  hij^est  created  intelligences ; 
aion  of  our  views  in  regard  to  his  works  of  a  power,  displayed  not  only  in  the  vast  exten- 
creation,  and  the  operations  he  is  incessantly  sLon  of  material  existence,  and  the  countless 
carrying  forward  throughout  the  universe.  If  number  of  mighty  globes  which  the  universe 
our  views  of  the  works  of  God,  and  of  the  conteins,  but  in  Uie  astonishingly  rapid  mO' 
manifestations  he  has  given  of  himself  to  his  tions  with  which  myriads  of  them  are  carried 
inteUigent  creatures,  be  circumscribed  to  a  along  through  the  immeasurable  spaces  of  cre- 
narrow  sphere,  as  to  a  parish,  a  province,  a  ation,  some  of  those  magnificent  orbs  moving 
kingdom,  or  a  single  world,  our  conceptions  with  a  velocity  of  one  hundred  and  seventy 
of  that  Great  Being  will  be  proportionaUy  thousand  miles  an  hour.  Here,  likewise,  we 
limited ;  for  it  is  chiefly  from  the  manifesta-  have  a  display  of  the  infinite  uisdom  and  in- 
tion  of  God  in  the  material  creation  that  our  telligcnce  of  Uie  Divine  Mind,  in  the  harmony 
ideas  of  his  power,  his  wisdom,  and  his  other  and  order  vrith  which  all  the  mighty  move* 
natural  attributes  are  derived.  But  in  pro-  roento  of  the  universe  are  conducted ;  in  pro- 
portion to  the  ample  range  or  prospect  we  are  portionating  the  magnitudes,  motions,  and 
enabled  to  teke  of  the  operations  of  the  Most  distances  of  the  planetary  worids ;  in  the  nice 
High,  will  be  our  conceptions  of  his  character,  adjustment  of  tiie  projectile  velocity  to  the 
attributes,  and  agency.  Now  the  telescope,  attractive  power;  in  the  constant  proportion 
more  than  any  other  invention  of  man,  has  between  the  times  of  the  periodical  revolution 
tended  to  open  to  our  view  the  most  ma^Tiifi-  of  the  planete  and  the  cubes  of  their  mean 
oeut  and  extensive  prospects  of  the  works  of  distances;  in  the  distances  of  the  several 
God ;  it  has  led  us  to  ascertain  that,  vrithin  planete  (torn  the  centnd  body  of  the  system, 
the  limits  of  the  solar  system,  there  are  compared  with  thehritqpectiveifefwt/iey;  and 
bodies  which,  taken  together,  comprise  a  in  the  constancy  and  regularity  of  their  mo- 
mass  of  matter  nearly  two  thousand  five  tions,  and  the  exactness  with  which  they  «o> 
tnmdred  times  greater  than  that  of  the  earth ;  complish  their  destined  round*— afl  which 
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dreumfltencss  evidently  ebow  that  He  who  tione  of  latitude  and  longitude,  fa  derived  tarn 

contrived  the  univene  u  "  the  only  wise  God,**  observations  made  by  Uie  telescope,  vrithont 

who  is  **  wondexibl  in  counsel  and  excellent  the  use  of  which  instrument  thej  cannot  be 

in  working."    Here,  in  fine,  is  a  display  of  made  with  predfflon.    2.  The  apparent  dia» 

boundlus  benevolmee ;  for  we  cannot  sup-  mtten  of  the  planets  can  only  be  measured 

pose,  for  a  moment,  that  so  many  myriads  of  by  means  of  uus  instrument,  furnished  with 

magnificent  globes,  fitted  to  be  the  centres  of  a  micrometer.    By  the  naked  eye  no  accmate 

a  countless  number  of  mighty  worlds,  should  measurements  of  the  diameters  of  these  bodies 

be  nothing  else  than  barren  wastes,  vnthout  can  be  taken ;  and  without  knowing  their  ap- 

the  least  relation  to  intelligent  existence ;  and  parent  diameters  in  minutes  or  seconds,  their 

if  they  are  peopled  with  intellectual  beings  real  bulk  cannot  be  determmed,  even  although 

of  various  orders,  how  vast  must  be  their  num-  their  exact  distances  be  known.     The  difkr- 

bers,  and  how  overflowing  that  Divine  Benefi-  ences,  too,  between  the  polar  and  equatorial 

cence  which  his  provid^  for  them  all  every  diameters  cannot  be  ascertained  without  ob- 

thing  requisite  to  their  existence  and  happiness,  servations  made  by  powerful  telescopes.    For 

In  these  discoveries  of  the  telescope  we  ob-  example,  the  equatorial  diameter  of  Jupiter  u 

tain  a  glimpse  of  the  grandeur  and  the  unlim-  found  to  be  in  proportion  to  the  polar  as  14 

ited  extent  of  God's  universal  empire.    To  to  13,  that  is,  the  equatorial  fa  more  than 

thfa  empire  no  boundaries  can  be  perceived.  6000  miles  longer  than  the  polar  diameter. 

The  larger  and  the  more  powerful  our  tele-  which  could  never  have  been  determined  bgr 

scopes  are,  the  further  are  we  enabled  to  pe-  observations  made  by  the  naked  eye.   3.  The 

netrate    into    those  distant    and    unknown  paraiiaxes  of  the  heavenly  bodies  can  only 

regions ;  and  however  &r  we  penetrate  into  be  accurately  ascertained  by  the  telescope ; 

the  abyss  of  space,  new  objects  of  wonder  and  and  it  fa  only  firom  the  knowledge  of  their 

magnificence  still  continue  rising  to  our  view,  parallaxes  that  their  distances  trom  the  earth 

affording  the  strongest  presumption  that,  were  or  firom  the  sun  can  be  determined.    In  the 

we  to  penetrate  ten  thousand  times  fiirther  case  of  the  fixed  stars,  nothing  of  the  nature 

into  those  remote  spaces  of  immensity,  new  of  a  parallax  could  ever  be  expected  to  be 

suns,  and  systems,  and  worlds  would  be  dis-  found  without  the  aid  of  a  telescope.     It  was 

closed  to  our  view.    Over  all  thfa  vast  assem-  by  searching  for  the  parallax  of  a  certain  fixed 

blage  of  material  exfatence,  and  over  all  the  star  that  the  important  fact  of  the  Aberration 

sensitive  and  intellectual  beings  it  contains,  of  Ught  was  discovered.    The  observatioDi 

God  eternally  and  unchangeably  presides ;  lot  this  purpose  were  made  by  means  of  a 

and  the  minutest  movements,  either  of  the  telescope  24  foet  long,  fixed  in  a  certain  posi 

physical  or  the  intelligent  system,  throughout  tion.    4.  The  motions  and  revolutionary  pe 

every  department  of  those  vast  dominions,  are  riods  of  Sidereal  Sytiema  can  only  be  deter 

at  every  moment  <*  naked  and  open''  to  hfa  mined  by  observations  made  by  telescopes  of 

omniscient  eye.    What  boundkea  intelligence  great  magnifying  and  illuminating  powers. 

himpiiediinitieguperinteTidenee  and  arrange^  Without  a  telescope  the  small  stars  which 

ment  of  the  affairs  of  such  an  unlimited  em-  a%x)mpany  double  or  treble  stars  cannot  be 

pire!  and  what  a  lofly  and  expansive  idea  perceived,  and  much  less  their  motions  or  va- 

does  it  convey  of  Him  who  sits  on  the  throne  nation  of  their  relative  positions.     Before  the 

of  Universal  Nature,  and  whose  greatness  fa  invention  of  the  telescope,  such  phenomena, 

unsearchable !     But  without  the  aid  of  the  now  deemed  so  wonderful  and  interesting, 

telescopic  tube  we  could  not  have  formed  such  could  never  have  been  Bunmsed.    5.  The  ao- 

ample  conceptions  of  the  greatness,  either  of  curate  determination  of  the  longitude  of  places 

the  Eternal  Creator  himself,  or  of  the  universe  on  the  earth's  surfiu»  fa  ascertained  by  the 

which  he  hath  brought  into  exfatence.  telescope,  by  observing  with  thfa  insttuaient 

Besides  the  above,  the  following  uses  of  the  the  immersions  and  emezaons  of  the  satellites 

telescope,  in  relation  to  science  and  common  of  Jupiter. .  From  such  observations,  with 

life,  may  be  shortly  noticed :  the  aid  of  a  chronometer,  and  having  the  time 

In  the  business  of  astronomy,  scarcely  any  at  any  known  place,  the  situation  of  any  un- 

tfaing  can  be  done  with  accuracy  without  the  known  pUce  fa  easily  determined.     But  the 

assfatance  6f  the  telescope.     I.  It  enables  the  ecUpses  of  Jupiter's  moons  can  be  perceived 

astronomer  to  determine  with  precision  the  only  by  telescopic  instruments  of  considerable 

traneita  of  the  planets  and  stare  across  the  power.    6.   By  means  of  a  telescope  with 

meridian ;  and  on  the  accuracy  with  which  cross  hairs  in  the  focus  of  the  eyeglass,  and 

these  transits  are  obtained,  a  variety  of  im-  attached  to  a  quadrant,  the  altitude  of  the  sun 

portaot  conclusions  and  calculations  depend,  or  of  a  star,  particularly  the  pole  star,  may  be 

The  computation  of  astronomical  and  nautical  most  accurately  taken,  and  from  sudi  obset^ 

taUes  for  aiding  the. navigator  in  hfa  voyages  vations  the  latitude  of  the  place  may  be 

round  the  globe,  and  facilitating  hfa  calcula-  readily  and  accurately  deduced. 
(868) 


XmLITY  OF  TELESCOPES.  151 

Again,  in  the  Suneying  of  Landj  the  that  « All  is  well,"  may  be  distinctly  reoog^ 

lelceoope  is  particularly  luenil ;  and  kx  this  nized. 

purpose  it  is  mounted  on  a  stand  with  a  hori-       Many  other  uses  of  this  instrument,  in  the 

zontal  and  vertical  motion,  pointing  out  by  ordinary  transactions  of  life,  will  readily  occur 

divisions  the  degrees  and  minutes  of  incline-  to  the  reader,  and  therefore  I  shall  only  men 

tion  of  tlie  instrument    For  the  more  accu-  tion  the  following  purpose  to  which  it  may  be 

rate  reading  of  these  divisions,  the  two  limbs  applied,  namely, 

are  hirnished  with  a  nonius,  or  Vtmief'g  To  measure  the  DUtanee  of  an  Object 
Scale.  The  object  here  is  to  take  the  angular  from  one  Station* — ^This  depends  upon  the 
distances  between  distant  objects  on  a  plane  mcrease  of  the  focal  distance  of  the  telescope 
truly  horizontal,  or  else  the  angular  elevation  in  the  case  of  near  objects.  Look  through  a 
or  depression  of  objects  above  or  below  the  telescope  at  the  object  whose  distance  is  re- 
plane  of  the  horizon.  In  order  to  obtain  quired,  and  adjust  the  focus  till  it  appear  quite 
either  of  those  kinds  of  angles  to  a  requisite  distinct;  then  slide  in  the  drawer  ti%the  ob- 
degree  of  exactness,  it  is  necessary  that  the  ject  begins  to  be  obscure,  and  mark  that  place 
surveyor  should  have  as  clear  and  distinct  a  of  the  tube  precisely ;  next  draw  out  the  tube 
view  as  possible  of  the  objects,  or  station-  till  the  object  begins  to  be  again  obscured,  and 
staves,  which  he  fixes  up  for  his  purpose,  that  then  make  another  mark  as  before ;  then  take 
he  may  with  the  greater  certainty  determine  the  middle  point  between  these  two  marki^ 
the  point  of  the  object  which  exactly  correa-  and  that  will  be  the  point  where  the  image 
ponds  with  the  line  he  is  taking.  Now,  as  of  the  object  is  formed  most  distinctly,  which 
such  objects  are  generally  at  too  great  a  dii-  is  to  be  nicely  measured  from  the  objectFlens, 
tanoe  for  the  surveyor  to  be  able  to  distinguish  and  compared  with  the  solar  focus  of  the  lens 
with  the  naked  eye,  he  takes  the  assistance  or  telescope,  so  as  to  ascertain  their  diflerence. 
of  the  telescope,  by  which  he  obtains,  1,  a  And  the  rule  for  finding  the  distance  is,  as 
distinct  view  of  the  object  to  which  his  atten-  the  difierenoe  between  the  focal  distance  of 
tion  is  directed,  and,  2,  he  is  enabled  to  de-  the  object  and  the  solar  focal  distance  is  to 
termine  the  precise  point  of  the  object  aimed  the  solar  focal  distance,  so  is  the  focal  distance 
at  by  means  of  the  cross  hairs  in  the  focus  of  of  the  object  to  its  true  distance  from  the  ob- 
the  eyeglass.  A  telescope  moupted  for  this  ject-lens.  An  example  will  render  this  mat- 
purpose  is  called  a  JTtegdolite,  which  is  derived  ter  more  perspicuous : 
fromtwoGrreekwordSy^cofuu,  foiee,  andodof,  p-  g^ 
the  way  or  distance* 

In  the  next  place,  the  telescope  is  an  in- 
strument of  special  importance  in  the  conduct- 
ing of  Te'legraphst  and  in  the  conveyance  of 
wignab  of  all  descriptions.  Without  its  as- 
sistance telegraphic  despatches  could  not  be  Let  A  B  (fig.  84)  be  the  object-lens,  E  Y 
conveyed  with  accuracy  to  any  considerable  the  eyeglass,  F  C  Uie  radius,  or  focus  of  the 
distance,  nor  in  quadruple  the  time  in  which  lens  A  B,  and  Cf  the  focal  distance  of  the 
they  are  now  communicated,  and  the  different  object  O  Bf  whose  distance  is  to  be  measured, 
stations  would  need  to  be  exceedingly  nume-  Now  suppose  C  F^AS  inches^,  or  four  feet, 
Tous ;  but,  by  the  assistance  of  the  telescope,  and  that  we  find  by  the  above  method  that 
information  may  be  communicated,  by  a  series  C/is  50  inches,  then  Ffia  two  inches ;  and 
of  telegmphs,  with  great  rapidity.  Twenty-  the  analogy  is,  as  Ff^^  ia  to  C  F_48,  so 
seven  telegraphs  convey  information  firom  is  C/— 60  to  C  Q— 1200  inches,  or  100 
Paris  to  Calsjs,  a  distance  of  160  miles,  in  feeU  Again,  suppose  Cf^A9  inches,  then 
three'  minutes;  twenty-two  from  Paris  to  will  F/— 1  indi;  and  the  proportion  is, 
Lisle  in  two  minutes ;  forty-six  from  Strasbuig  1  :  48  : :  49  :  2862— Q  C,  or  196  feet  A 
to  Paris  in  four  and  a  half  minutes ;  and  telescope  of  this  focal  length,  however,  will 
eighty  from  Paris  to  Brest  in  ten  minutes,  measure  only  small  distances.  But  suppose 
In  many  other  cases  which  occur  both  on  land  A  B  a.  lens  whose  solar  focus  is  12  feet,  or 
and  sea,  the  telescope  is  essentially  requisite  144  inches,  and  that  we  find  by  the  above 
for  descrying  signals.  The  Beil-Rifek  Light-  method  that  Cft  or  the^focal  distance  of  the 
house f  for  example,  is  situated  twelve  miles  object,  is  146  mches,  then  will  Ff  he  two 
from  Arbroath,  and  from  every  other  portion  inches,  and  the  proportion  will  be  as  2 :  144 : : 
of  land,  so  that  the  naked  eye  could  not  die-  146 :  21024  inches,  or  1752  feet  —  the  dis- 
cern any  signal  which  the  keepers  of  that  tanoe  Q  C.  If  with  such  a  large  telescope 
light  could  have  it  in  their  power  to  make;  we  view  an  object  O  By  and  find  Ff  but 
but  by  means  of  a  large  telescope  in  the  sta-  -j^th  of  an  inch,  this  will  give  the  distance  of 
tion-house  in  Arbroath,  the  hoisting  of  a  ball  the  object  as  17,292  feet,  it  nearly  3|d 
tveiy  morning  at  9  ajc,  which    indicates  miles. 
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Since  the  difierenoe  between  the  radius  of  tuxhineh  space  in  the  small  telescope,  and  bjf 
the  objcct^lens  and  the  focal  distance  of  the  calculation  graduate  it  for  every  100  feet  and 
object  is  60  considerable  as  two  inches  in  a  the  intermediate  inches,  and  then,  at  Iho 
tube  of  four  feet,  and  more  than  twelve  inches  same  time  we  view  an  object,  we  maj  see 
in  one  of  twelve  feet,  a  method  might  be  con*-  its  distance  on  the  tube.  In  making  such 
trived  for  determining  the  distance  of  near  experiments,  a  common  object-glass  of  a 
objects  by  the  former,  and  more  distant  ob-  long  focal  length,  and  a  single  eyeglass,  are 
jects  by  the  latter,  by  inspection  only.  This  all  that  is  requiate,  since  the  inverted  ap> 
may  be  done  by  adjusting  or  drawing  a  spiral  pearance  of  the  object  can  cause  no  great  in- 
line round  the  drawer  or  tube  through  the  convenience. 


«  *  •  »  » 


CHAPTER  Vn. 
On  the  Method  of  Grinding  and  Poiiahing  Optical  LenHi  and  Specula. 

I  oBieivALLT  intended  to  enter  into  par-  ally  ground  in  the  concave  tool  to  prevent  it 

ticular  details  on  this  subject  for  the  purpose  from  altering  its  figure, 

of  gratifying  those  mechanics  and  others  who  The  next  thing  to  be  attended  to  is  to  pre- 

wish  to  amuse  themselves  by  constructing  pare  the  piece  of  glass  which  is  to  be  ground, 

telescopes  and  other  optical  instruments  for  by  chipping  it  in  a  circular  shape  by  means 

their  own  use ;  but,  having  dwelt  so  long  on  of  a  large  pur  of  scisaors,  and  removing  the 

the  subject  of  telescopes  in  die  preceding  pages,  roughness  from  its  edges  by  a  common  grind- 

I  am  constrained  to  confine  myself  to  a  vexy  stone.     The  faces  of  the  g^ass  near  the  edges 

general  sketch.  diould  likewise  be  ground  on  the  grindstoiM 

1.  To  grind  and  polish  Lenses  for  Eye*  till  they  neariy  fit  the  ccmcave  gauge,  by 

gktsseSt  MicroseopeSf  4^. — First  provide  an  up-  which  ^e  labour  of  grinding  in  the  tool  will 

right  spindle,  at  the  bottom  of  wliich  a  pulley  be  considerably  saved.    The  next  thing  r^ 

is  fixed,  which  must  be  turned  by  a  wheel  by  quired  ib  to  prepare  the  emeiy  for  grinding 

means  of  a  cord  and  handle.     At  the  top  of  which  is  done  in  the  following  manner:  Pro- 

thc  spindle  make  a  screw  the  same  as  a  lathe-  vide  four  or  five  clean  earthen  vessels :  fill 

spindle,  on  which  you  may  screw  chocks  of  one  of  them  with  water,  and  put  into  it  a 

different  sizes,  to  which  the  brass  toot  in  which  pound  or  half  a  pound  of  fine  emeiy ,  and  stir 

the  lens  is  to  be  ground  may  be  fixed.  Having  it  about  with  a  stick ;  afVer  which,  let  it  stand 

fixed  upon  the  breadth  and  focal  length  of  the  three  or  four  seconds,  and  then  pour  it  into 

lens,  and  whether  it  is  to  be  a  piano  or  a  another  vessel,  which  may  stand  about  ten 

dduble  convex,  take  a  piece  of  tin-plate  or  seconds:   then  pour  it  off  again  into  the 

sheet  copper,  and  with  a  pair  of  compasses  several  vessels  till  the  water  is  quite  dear,  and 

draw  an  arch  upon  its  surfiu»,  near  one  of  by  this  means  emexy  of  different  degrees  d 

its  extremities,  with  a  radius  equal  to  the  fioieness  is  obtained,  which  must  be  kept  sepa- 

focal  distance  of  the  lens  if  intended  to  be  rate  firom  each  other,  and  worked  in  their 

double  convex,  oc  with  half  that  distance  if  it  proper  order,   beginning   at  the    first,  and 

is  to  be  plano-convex.    Remove  with  a  file  working  off  all  the  marks  of  the  grindstone ; 

that  part  of  the  copper  which  is  without  the  then  take  of  the  second,  next  of  the  third,  &c, 

circular  arch,  and  then  a  convex  gauge  is  holding  the  glass  upon  the  pan  or  tool  with  a 

formed.   With  the  same  radius  strike  another  light  hand  when  it  conies  to  be  neaxiy  fit  for 

arch,  and  having  removed  that  part  of  the  polishing.  The  glass,  in  this  operation,  ^loold 

copper  which  is  within  it,  a  concave  gauge  be  cemented  to  a  wooden  handle  by  zneam 

will  be  obtained.     The  brass  tool  in  which  of  pitch  or  other  strong  cemcnL     AAer  the 

the  glass  is  to  be  ground  is  then  to  be  fixed  finest  emery  has  been  used,  the  roughness 

upon  a  turning-lathe,  and  turned  into  a  por-  which  remains  may  be  taken  away,  and  a 

tion  of  a  concave  sphere,  so  as  to  correspond  slight  polish  given,  by  grinding  the  glass  with 

to  the  convex  gauge.    In  onler  to  obtain  an  pounded  pumice-stone.    Before  proceeding  to 

accurate  figure  to  the  concave  tool,  a  convex  the  polishing,  the  glass  diould  be  ground  aa 

tool  of  exactly  the  same  radius  is  generally  smooth   as  possible,   and  all  the'  scntchei 

formed,  and  they  are  ground  one  upon  another  erased,  otherwise  the  polishing  will  become  a 

with  flour  of  emery,  and  when  tiiey  exactly  tedious  process.    The  polishing  is  perfonned 

eoincide  they  are  fit  for  use.    The  convex  as  follows :  Tie  a  piece  of  linen  rag  or  fine 

tool  will  serve  for  grinding  concave  glasses  of  cloth  about  the  tool,  and  with  fine  putty  (csl- 

tne  same  radius ;  and  it  should  be  occasion-  dned  tin)  or  colcothar  of  vitriol  (a  very  fiM 
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powder,  sometimes  called  the  red  oxide  of  ttotis  have  been  used  for  this  purpose,  of  whioh 

iron.)  moistened  with  water,  continue   the  the  following  are  specimens :  Take  of  good 

grinding  motion,  and  in  a  short  time  there  Swedish  copper  32  ounces,  and  when  melted, 

wil!  be  an  excellent  polish.  add  14^  ounces  of  grain  tin  to  it ;  then,  haviqg 

In  order  to  grind  lenses  very  accurately  for  taken  off  the  sooria,  cast  it  into  an  ingot    This 

the  finest  optical  purposes,  particularly  object-  metal  must  be  a  second  time  melted  to  cast  a 

gla^tfcs  for  telescopes,  the  concave   tool  is  speculum;  but  it  will  fuse  in  this  'x>mpound 

firmly  fixed  to  a  table  or  bench,  and  the  glass  state  with  a  small  heat,  and  therefore  will  not 

wrought  upon  it  by  the  hand  with  circular  calcine  the  tin  to  putty.    It  should  be  poured 

strokes,  so  that  its  centre  may  never  go  be-  oflT  as  soon  as  it  is  melted,  giving  it  no  more 

yond  the  edges  of  the  tool.     For  every  six  or  heat  than  is  absolutely  necessary.    The  best 

seven  circular  strokes,  the  glass  should  re-  method  for  giving  the  melted  metal  a  good 

ceive  two  or  three  cross  ones  along  the  di-  surface  is  this :  the  moment  before  it  is  poured 

ametcr  of  the  tool,  and  in  different  directions ;  off,  throw  into  the  crucible  a  spoonful  of  char- 

and,  while  the  operation  is  going  on,  the  con-  coal-dust ;  immediately  after  which,  the  metal 

vex  tool  should,  at  the  end  of  Cve  minutes,  be  must  be  stirred  with  a  wooden  spatula  and 

wrought  upon  the  concave   one  for  a  few  poured  into  the  moulds.    The  following  is 

seconds,  in  order  to  pntserve  the  same  curva-  another  composition  somewhat  similar :  Take 

ture  to  the  tools  and  to  the  glass.    The  finest  two  parts  of  copper  as  pure  as  it  is  possible  to 

polish  is  generally  given  in  the  following  way :  procure :  this  must  be  melted  in  a  crucible  by 

Cover  the  concave  tool  with  a  layer  of  pitch,  itself;  then  put,  in  another  crucible,  one  part 

hardened  by  the  addition  of  a  little  rosin,  to  of  pur6  grain  tin :  when  they  are  both  melted, 

the  thickness  of  -ji^th  of  an  inch ;  then,  having  mix  and  stir  them  with  a  wooden  spatula, 

taken  a  piece  of  thin  writing  paper,  press  it  keeping  a  good  flux  on  the  melted  sui^tce  to 

upon  the  surface  of  the  pitch  with  the  convex  prevent  oxidation,  and  then  pour  the  metal 

tool,  and  pull  the  paper  quickly  from  the  pitch  quickly  into  the  moulds,  which  may  be  made 

before  it  has  adhered  to  it;  and  if  the  surface  of  founder's  loam. 

of  the  pitch  is  marked  eveiy  where  vrith  the  The  composition  suggested,  more  than  half 
lines  of  the  paper,  it  will  be  truly  spherical,  a  century  ago,  by  the  Rev.  Mr.  Edwards,  has 
If  any  paper  remains  on  the  surface  of  the  often  been  referred  to  with  peculiar  apprpba- 
pitch,  it  may  be  rubbed  off  by  soap  and  water;  tion.  This  gentleman  took  a  great  deal  of 
and  if  the  marks  of  the  paper  should  not  ap-  pains  to  discover  the  best  composition,  and  to 
pear  on  any  part  of  it,  the  operation  must  be  give  his  metals  a  fine  polish  and  the  true 
repeated  till  the  polisher  or  bed  of  pitch  is  ac^  parabolical  figure.  His  telescopes  were  tried 
curately  spherical.  The  glass  is  then  to  be  by  Dr.  Maskelyne,  the  astronomer  royal,  who 
wrought  on  the  polisher  by  circular  and  cross  found  them  greatly  to  excel  in  brightness,  and 
strokes  with  the  putty  or  colcothar  till  it  has  to  equal  in  other  respects  those  made  by  the 
received  a  complete  polish.  When  one  side  best  artists.  They  showed  a  white  object  per- 
is finished,  the  glass  must  be  separated  from  fectly  white,  and  all  objects  of  th<)ir  proper 
its  handle  by  inserting  the  point  of  a  knife  colour.  He  found,  after  trying  va...  com- 
between  it  and  the  pitch,  and  giving  it  a  gentle  binations,  the  following  to  be  the  best,  namei>, 
stroke.  The  pitch  which  remains  upon  thp  32  ounces  of  copper,  with  15  or  16  ounces  of 
glass  may  be  removed  by  rubbing  it  with  a  grain  tin  (according  to  the  purity  of  the  cop- 
little  oil,  or  spirits  of  wine.  The  operation  per,)  with  the  addition  of  one  ounce  of  brass, 
of  polishing  on  cloth  is  slower,  and  the  polish  one  of  silver,  and  one  ounce  of  arsenic.  This, 
less  perfect  than  on  pitch ;  but  it  is  a  mode  he  affirms,  will  form  a  metal  capable,  when 
best  fitted  for  those  who  have  little  experi-  polished  in  a  proper  manner,  of  reflecting 
encc,  and  who  would  be  apt,  in  the  first  in-  more  light  than  any  other  metal  yet  made 
stance,  to  injure  the  figure  of  the  lens  by  public 
polishing  it  on  a  bed  of  pitch.  The  Rev.  J.  Little,  in  his  observations  on 

2.  On  the  Method  of  ecuting  and  grinding  this  subject  in  the  "  Irish  Transactions,"  pro- 

ihe  Specula  of  Reflecting  Telescopes, — The  poses  the  following  composition,  which  he 

first  thing  to  be  considered  in  the  formation  found  to  answer  the  purpose  better  than  any 

of  reflecting  telescopes  is  the  composition  of  he  had  tried,  namely,  32  parts  of  best  barcop- 

the  metal  of  which  the  specula  are  made,  per,  previously  fluxed  with  the  black  flux  of  two 

The  quaUties  required  are,  a  sound,  uniform  parts  tartar  and  one  of  nitre,  four  parts  of  brass, 

metal,  free  fi'om  all  microscopic  porr     ^ot  16  parts  of  tin,  and  1}  of  arsenic.  Ifthe  metal  be 

liable  to  tarnish  by  absorption  of  moisture  from  granulated,  by  pouring  it,  when  first  melted,  into 

the  atmosphere — not  so  hard  as  to  be  incapa-  water,  and  Uien  fiised  a  second  time,  it  will 

ble  of  taking  a  good  figure  and  polirh,  nor  so  be  less  porous  than  at  first    In  this  process, 

soft  as  to  be  easily  scratched,  and  possessing  the  chief  object  is  to  hit  on  the  exact  pouit  of 

ft  high  reflecting  power.    Yario^ji  composi-  the  saturation  of  the  copper,  dec,  by  the  tin; 
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far  if  the  latter  be  added  in  too  great  quantity,  slipped  off  the  tool  at  one  side,  cleaned  witA 
the  metal  will  be  dull  coloured  and  soft ;  if  soft  leather,  and  placed  in  a  tube  for  the  pur- 
too  bttle,  it  will  not  attain  the  most  perfect  pose  of  trying  its  performance ;  and  if  the 
^diiteness,  and  will  certainly  tarnish.*  polishing  has  been  conducted  with  caie,  it  will 

When  the  metal  is  cast,  and  prepared  by  be  found  to  have  a  true  parabolic  figure.-j- 
the  common  grindstone  for  receiving  its  pro-  It  was  formerly  the  practice,  before  the  spe- 
per  figurpy  the  gauges  and  g^nding-tools  are  culum  was  brought  to  the  polisher,  to  smooth 
to  be  formed  in  the  same  manner  as  formerly  it  on  a  bed  of  fiones,  or  a  convex  tool  made 
described  for  lenses,  with  this  difference,  that  of  the  best  blue  stone,  such  as  clockmakeiB 
the  radius  of  the  gauges  must  always  be  doubie  use  in  polishing  their  work,  which  was  made 
the  focal  length  of  the  speculum,  as  the  focus  one-fourth  part  larger  than  the  metal  which 
of  jMurallel  rays  by  reflection  is  at  one  half  the  was  to  be  ground  upon  it,  and  turned  as  true 
radius  of  concavity.  In  addition  to  the  con-  as  possible  to  a  gauge ;  but  this  tool  is  not 
cave  and  convex  tools,  which  should  be  only  generally  considered  as  absolutely  necessaiy, 
a  little  broader  than  the  metal  itself,  a  convex  except  when  silver  and  brass  enter  into  the 
elliptical  toed  of  lead  and  tin  should  be  formed  composition  of  the  metal,  in  order  to  remove 
with  the  same  radius,  so  that  its  transverse  the  roughness  which  remains  after  grinding 
should  be  to  its  conjugate  diameter  as  10  to   with  the  emery. 

9,  the  latter  being  exactly  equal  to  the  diame-  To  try  the  Figure  of  the  Metal — ^In  older 
ler  of  the  metaL  l^e  grinding  of  the  specu-  to  this,  the  speculum  must  be  placed  in  the 
Inm  is  then  to  be  commenced  on  this  tool  tube  of  the  telescope  for  which  it  is  intended, 
with  coarse  emeiy  powder  and  water,  when  and  at  about  20  or  30  yards  distant  there 
the  roughness  is  taken  off  by  moving  the  should  be  put  up  a  watch-paper,  or  similar 
speculum  acroM  the  tool  in  different  direo-  object,  on  which  there  are  some  very  fine 
tions,  walking  round  the  post  on  which  the  strokes  of  an  engraver.  An  annular  kuid  of 
tool  is  fixed,  holding  the  speculum  by  the  diagram  should  be  made  with  card-paper,  so 
wooden  handle  to  which  it  is  cemented ;  it  is  as  to  cover  a  circular  portion  of  the  middle 
&en  to  be  wrought  with  great  care  on  the  part  of  the  speculum,  between  the  hole  and 
convex  brass  tod,  with  circular  and  cross  the  circumference,  equal  in  breadth  to  about 
strokes,  and  with  emeiy  of  difierent  degrees —  one-eighth  of  its  diameter.  This  paper  ring 
the  concave  tool  being  sometimes  ground  upon  should  be  fixed  in  the  mouth  of  the  telescope, 
the  convex  one,  to  keep  them  all  of  the  same  and  remain  so  during  the  whole  experiment 
radius— 4nd  when  eveiy  scratch  is  removed  There  must  likewise  be 'two  other  circular 
firom  its  surface,  it  will  be  fit  for  receiving  the  pieces  of  card-paper  cut  out,  of  such  sixes  that 
final  polish.  one  may  cover  the  centre  of  the  metal  by  com- 

When  the  metal  is  ready  for  polishing,  the  pletely  filling  the  hole  in  the  annular  piece 
elliptical  tool  is  to  be  covered  with  black  pitch  now  described,  and  the  other  such  a  round 
about  ^th  of  an  inch  thick,  and  the  polisher  piece  as  shall  exactly  fill  the  tube,  and  so 
fbrmed  m  the  same  way  as  in  the  case  of  bzoad  as  that  the  inner  edge  just  touches  die 
lenses  .uex  with  the  concave  brass  tool  or  outward  circumference  of  the  middle  annular 
^lui  cne  metal  itself.  The  coloothar  of  vitriol  piece.  All  these  pieces  together  will  com- 
shoukl  then  be  triturated  between  two  sur-  pletely  shut  up  the  mouth  of  the  telescope, 
feces  of  glass,  and  a  considerable  quantity  of  Let  the  round  piece  which  covers  the  centre 
it  applied  at  first  to  the  sur&oe  oi  the  polisher,  of  the  metal  be  removed,  and  adjust  the  in- 
The  speculum  is  then  to  be  wrought  in  the  strument  so  that  the  image  may  be  as  shaip 
usual  way  upon  the  polishing  tool  till  it  has  and  distinct  as  possible ;  then  replace  the  oen- 
reoeived  a  brilliant  lustre,  taking  care  to  use  tral  piece,  and  remove  the  outside  annular 
Ao  more  of  the  colcothar,  if  it  can  be  avoided,  one,  by  which  means  the  circumference  only 
and  only  a  small  quantity  of  it,  if  it  should  be  of  the  speculum  will  be  exposed,  and  the 
found  necessaiy.  When  the  metal  moves  image  now  formed  will  be  from  the  rays  re* 
stiffly  on  the  polisher,  and  the  colcothar  as-  fleeted  from  the  exterior  side  of  the  mctaL  If 
sumes  a  dark,  muddy  hue,  the  polish  advances  the  two  images  formed  by  these  two  portions 
with  great  rapidity.  The  tool  will  then  grow  of  the  metal  be  perfectly  sharp  and  equally 
warm,  and  would  probably  stick  to  the  specu-  distinct,  the  speculum  is  perfect  and  c^  the 
lum  if  its  motion  were  discontinued  for  a  mo-  true  parabolic  curve ;  if,  on  the  contrary,  tiie 
ment  At  this  stage  of  the  process,  therefore,  image  firom  the  outside  of  the  metal  should 
we  must  proceed  with  great  caution,  breathing  not  bb  distinct,  and  it  idiould  be  necessaiy  to 
continually  on  the  polisher  till  the  fiiction  is  bring  tae  little  speculum  tuearer  by  the  screw, 
so  great  as  to  retard  the  motion  of  the  specu-  the  methl  b  not  yet  brought  to  the  paraboUc 
lum.    When  this  happens,  the  metal  is  to  be   figure ;  but  if,  in  order  to  procure  disdnctnen^ 

•  trUh  TrangacHons^  vol.  z.  and  Nicholson**       f  Brewste  's  Appendix  to  **  Pergaaon's  Lac- 
PhUoBophieal  Journal,  vol.  xvi.  tures.*' 
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we  be  obliged  to  move  the  small  speculum  axis  of  the  telescope.    Before  the  ann  is 

further  off,  then  the  figure  of  the  great  specu-  finally  fastened  to  the  slider,  place  it  in  the 

lum  has  been  carried  beyond  the  parabolic,  tube,   and    through   the   eyepiece   (withoat 

and  has  sissumed  the  hyperbolic  form.  glasses)  the  intersection  of  the  cross-wirei 

To  adjust  the  Eyehole  of  Gregorian  Re-  must  be  seen  exactly  in  the  centre  of  the  hole 

flecton. — If  there  is  only  one  eyeglass,  then  of  the  arm.   When  this  exactness  is  obtained, 

the  distance  of  the  small  hole  should  be  as  let  the  arm  be  firmly  riveted  and  soldered  to 

nearly  as  possible  equal  to  its  focal  length;  the  slider. 

but  in  the  compound  Huygenian  eyepiece.        To  centre  icrwej.— The  centring  of  lenses 

the  distance  of  the   eyehole  may  be  thus  is  of  great  importance,  more  especially  for  the 

found:  Multiply  the  .difierence  between  the  object-glasses  of  achromatic  instniments.  The 

focal  distance  of  the  glass  next  to  the  specu-  foUowing  is  reckoned  a  good  method ;  Let  the 

lum,  and  the  distance  of  the  two  eyeglasses,  lens  to  be  centred  be  cemented  on  a  brass 

by  the  focal  distance  of  the  glass  nearest  the  chuck,  having  the  middle  turned  away  so  as 

eye;  divide  the  product  by  the  sum  of  the  not  to  touch  the  lens  except  near  the  edge, 

focal  distances  of  the  two  lenses,  lessened  by  which  wUl  be  hid  when  mounted.    This  rim 

their  distance,  and  the  quotient  will  be  the  is  very  accurately  turned  fiat  where  it  is  to 

compound  focal  distance  required.    Thus,  if  touch  the  glass.  When  the  chuck  and  cement 

the  focal  distance  of  the  lens  next  the  specu-  is  warm,  it  is  made  to  revolve  rapidly;  while 

lum  be  three  inches,  that  of  the  lens  next  the  m  motion,  a  lighted  candle  is  lirought  before 

eye  one  mch,  and  their  distance  two  inches,  k,  and  its  reflected  image  attentively  watched, 

then  the  compound  focal  distance  from  the  If  this  image  has  any  motion,  the  lens  is  not 

eyeglass  will  bei-^— J  inch.    The  dio'  flat  or  central;  a  piece  of  soft  wood  must 

meter  of  the  eyehole  is  always  equal  to  the  therefore  be  applied  to  it  in  the  manner  of  a 

quotient  obtained  by  dividing  the  diameter  of  turning  tool,  till  such  time  as  the  light  be- 

tiie  great  speculum  by  the  magnifying  power  comes  slationary.  When  the  whole  has  cooled, 

of  the  telescope.    It  is  generally  from  ^ih.  to  ^^  edges  of  the  lens  must  be  turned  by  a  dia- 

y^th  of  an  inch  in  diameter.     It  is  necessary,  mond,  or  ground  with  emery, 
in  many  cases,  to  obtain  from  direct  expert'       For  more  particular  details  in  reference  to 

nunt  an  accurate  determinatioh  of  the  place  gprinding  and  polishing  specula  and  lenses, 

and  size  pf  the  eyehole,  as  on  this  circum-  the  reader  is  referred  to  Smith's  "  Complete 

stance  de})ends,  in  a  certain  degree,  the  accu-  System  of  Optics,"  Imison's  **  School  of  Arts," 

rate  performance  of  the  instrument  Huygenii   Opera,  Brewster's  Appendix  to 

To  centre  the  two  Specula  of  Gregorian  **  Ferguson's  Lectures,"  «*  Irish  Transactions," 

Reflectors* — Extend  two  fine  threads  or  wires  vol.  x.,  or  **  Nicholson's  Journal,"  vol  xvi. 

across  the  aperture  of  the  tube  at  right  angles,  Nos.  65,  66,   for  January  and  February, 

BO  as  to  intersect  each  other  exactly  in  the  1807. 
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PART    III. 

ON  VARIOUS  ASTRONOMICAL  INSTRUMENTS. 


CHAPTER  I. 

On  Mierometer$* 

A  NicROMSTER  IS  an  instrument  attached  There  are  various  descriptions  of  these 
to  a  telescope,  in  order  to  measure  small  instruments^  constructed  with  diflerent  sub- 
spaces  in  the  heavens,  such  as  the  spaces  be-  stances  and  in  various  forms,  of  which  the 
tween  two  stars,  and  the  diameters  of  the  sun,  following  constitute  the  principal  variety: 
moon,  and  planets ;  and  by  the  help  of  which,  the  Wire  Micrometer— the  Spider*9-line  Mi- 
the  apparent  magnitude  of  all  objects  viewed  crometcr — ^the  Polymetric  Reticle-'Divided 
throujgh  telescopes  may  be  measured  with  Ohject-glaae  Micrometer — ^Divided  Eyeglass 
great  exactness.  Micrometer — ^Ramsden's  Catoptric  Microme- 
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iNT — RochoD^  Crystal  Micrometer-— ^lifaske- 
lyue's  Prismaiie  Micrometer — Brewster's  JKS- 
avnuirical  Te/efoo^— Sir  AV.  Herschers 
Lamp  Micrometer— CavaUo*8  Mother-of' 
Pearl  Micrometer,  and  several  othen;  but, 
instead  of  attempting  even  a  general  descrip- 
tion of  these  instruments,  I  shall  confine  my- 
self merely  to  a  very  brief  description  of 
CanaUo^s  MUnmuttTy  as  its  construction  will 
be  easily  underrtood  by  the  general  reader,  as 
it  is  one  of  the  most  simple  of  these  instni- 
menlB,  and  is  so  cheap  as  to  be  procured  for  a 
few  shillings,  while  some  of  the  instrumente 
now  mentioned  are  so  expensive  as  to  cost 
nearly  as  much  as  a  tolerably  good  telescope.* 

This  micrometer  oonsisto  of  a  thin  and 
narrow  slip  of  mother-of-pearl  finely  divided, 
which  is  placed  in  the  Ibcus  of  the  eyeglass 
of  a  telescope,  just  where  the  image  of  the 
object  is  fimned ;  and  it  may  be  applied  either 
to  a  reflecting  or  a  refincting  telescope,  pro- 
vided the  eyeglass  be  a  convex  lens.  It  is 
about  the  twentieth  part  of  an  inch  broad,  and 
of  the  thickness  of  common  writing  paper, 
divided  into  equal  parte  by  parallel  lines, 
every  fifth  and  tenth  of  which  is  a  little  longer 
than  the  rest  The  simplest  way  of  fixing  it 
is  to  stick  it  upon  the  diaphragm,  which  gene- 
rally stands  within  the  tube,  and  in  the  focus 
of  the  eyeglass.  When  thus  fixed,  if  you 
look  through  the  eyeglass,  the  divisions  of  the 
micromctiical  scale  will  appear  very  distinct, 
unless  the  diaphragm  is  not  exactly  in  the 
focus  of  the  eyeglass,  in  which  case  it  must 
be  moved  to  Uie  proper  place ;  or  the  micro- 
meter may  be  placed  exactly  in  the  focus  of 
the  eyelens  by  the  interposition  of  a  circular 
piece  of  paper,  card,  or  by  means  of  wax.  If 
a  person  should  not  like  to  see  always  the 
micrometer  in  the  field  of  the  telescope,  then 
the  micrometrical  scale,  instead  of  being 
fixed  to  the  diaphragm,  may  be  fitted  to  a 
circular  perforated  plate  of  brass,  of  wood,  or 
even  of  paper,  which  may  be  occasionally 
placed  upon  the  said  diaphragm.  One  of 
these  micrometers,  in  my  possession,  which 
contains  600  divisions  in  an  inch,  is  fitted  up 
in  a  separate  eyetube,  with  a  glass  peculiar  to 
itself,  which  slides  into  the  eyepiece  of  the  tele- 
scope when  ite  own  proper  glass  is  taken  out 

To  ascertain  the  Value  of  the  Dtvi- 
awns  of  this  Micrometer, — Direct  the 
telescope  to  the  sun,  and  observe  how 
many  divisions  of  the  micrometer  mea- 
sure its  diameter  exactly  \  then  take  out 
of  the  Nautical  Almanac  the  diameter 
of  the  sun  for  the  day  on  which  the  obser- 
vation is  made ;  divide  it  by  the"  above-men- 

•-  A  partictilar  description  of  ihe  micrometers 
here  enumerated,  and  several  nlhere,  will  be 
fband  in  Dr.  Pearion's  **  Introduction  to  Practical 
Astronomy,*'  vol.  li. 


tioDed  number  of  divniona,  and  fbe  qvotuaA 
is  the  value  of  one  divisioD  oi  tilie  micR^ 
meter.  Thus,  suppose  that  26}  diviaons  of 
the  micrometer  measure  the  diameter  of  the 
Sim,  and  that  the  Nautical  Almanac  gives  for 
the  measure  of  the  same  diameter  31'  22^',  or 
1882^' :  divide  1822  by  26.6,  and  the  quotient 
is  71",  or  1'  11",  which  is  the  value  of  one 
divifflon  of  the  micrometer,  the  double  of  whidi 
is  the  value  of  two  divisions,  and  so  <mi.  The 
value  of  the  divisions  {nay  likewise  be  ascer- 
tained by  the  passage  of  an  equatorial  star 
over  a  certain  nimiber  of  divisions  in  a  certain 
time.  The  stars  best  rituated  for  this  purpose 
are  such  as  the  following :  i  in  the  Whale,  R. 
A.  37«  3J',  Dec  37'  60"  8. ;  3  in  Orion,  R. 
A.  80^  11'  42",  Dec  28^  40"  S.;  »  in  the 
Lion,  R.  A.  171®  2^  21",  Dec  23'  22"  N.; 
17  in  Virgo,  R.  A.  182<»  10',  Dec  33'  27"  N 
But  the  following  is  the  most  easy  and  accu- 
rate method  of  determining  the  value  oi  the 
divisions. 

Mark  upon  a  wall  or  other  place  the  length 
of  six  ineheSf  which  may  be  done  by  making 
two  dots  or  lines  six  inches  asunder,  or  by 
fixing  a  six  inch  ruler  upon  a  stand.  Then 
place  the  telescope  before  it,  so  that  the  ruler 
or  six-inch  length  may  be  at  right  angles 
with  the  direction  of  the  telescope,  and  just 
67  feet  3}  inches  distant  from  tlie  object-glass 
of  the  telescope ;  this  done,  look  through  the 
telescope  at  the  ruler,  or  other  extension  oi 
six  inches,  and  observe  how  many  divisions 
of  the  nkicrometer  are  equal  to  it,  and  that 
same  number  of  divisions  is  equal  to  half  a 
degree,  or  30' ;  and  this  is  all  that  is  neces- 
sary for  the  required  determination ;  the  rea- 
son of  which  is,  because  an  extension  of  six 
inches  subtends  an  angle  of  30'  at  the  di»- 
tence  of  67  feet  3}  inches,  as  may  be  easily 
calculated  from  the  rules  of  Plane  Trigono- 
metry 

Fig.  86  cxhibite  this  micrometer  scale,  but 
shows  it  four  times  larger  than  the  real  size  of 
3ne  which  was  adapted  to  a  three-feet  achroma- 
tic telescope  magniiying  84  times.  The  divi- 
sions upon  it  are  the  200ths  of  an  inch,  which 
reach  from  one  edge  of  the  scale  to  about  the 
middle  of  it,  excepting  every  fifth  and  tenth  di- 
vision, which  are  longer.  Two  divisions  of  this 

Fig.  86. 
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scale  are  very  neariy  equal  to  one  minute, 
and  as  a  quarter  of  one  of  these  diviaoof 
may  be  distinguished  by  estimation,  therefore 
an  angle  of  one-eighth  of  a  nunute,  or  of  7^", 
may  be  measured  with  it  Whi>n  a  telescope 
magnifies  more,  the  divisions  of  the  mirrom^ 
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ter  most  be  more  minute.  When  the  focus  of  For  measuring  the  real  or  lineal  dimenriont 

the  eyeglass  of  the  telescope  is  shorter  than  of  small  objects,  instead  of  the  angles ;  fot 

half  an  inch,  the  micrometer  may  be  divided  if  the  tube  be  unscrewe^l  from  the  rest  of  the 

with  the  dOOths  of  an  inch ;  by  means  of  telescope,  and  applied  to  small  objects,  it  will 

whi^h,  and  the  telescope  magnifying  about  serve  for  a  microscope,  having  a  considerable 

200  times,  one  may  easily  and  accurately  mea-  magnifying  power,  as  we  have  already  shown 

sure  an  angle  smaller  than  half  a  second,  (p.  124;)  and  the  micrometer,  in  that  case, 

On  the  other  hand,  when  the  telescope  does  will  measure  the  lineal  dimensions  of  the  ob- 

not  magnify  above  30  times,  the  divisions  ject,  as  the  diameter  of  a  hair,  the  length  of 

need  not  be  so  minute.    In  one  of  Dollond's  a  flea,  or  the  limbs  of  an  insect    In  order  to 

pocket  telescopes,  which,  when  drawn  out  for  find  the  value  of  the  divisions  for  this  purpose, 

use,  is  only  li  inches  long,  a  micrometer  with  we  need  only  apply  a  ruler,  divided  into  tenths 

the  hundredths  of  an  inch  is  quite  sufficient,  of  an  inch,  to  the  end  of  the  tube,  and  look* 

and  one  of  its  divisions  is  equal  to  httle  less  ing  through  the  tube,  observe  'how  many  di- 

than   three  minutes,  so  that  an  angle  of  a  visions  of  the  micrometer  measure  one-tenth 

minute  may  be  measured  by  it.    Supposing  of  an  inch  on  the  roler,  which  will  give  the 

11^  of  those  divisions  equal  to  30^,  or  23  to  a  required   value.    Thus,  if  30  divisions  are 

degree,  any  other  angle  measured  by  any  equal  to  -j^th  of  an  inch,  300  of  them  must 

other  number  of  divisions  is  determined  by  be  equal  to  the  300th  part  of  an  inch.    2. 

proportion.    Thus,  suppose  the  diameter  of  For  measuring  the  magnifying  power  of  other 

the  sun,  seen  through  the  same  telescope,  be  telescopes.  '  This  is  done  by  measuring  the 

found  equal  to  12  dUvisbns,  say,  as  11^  divi«  diameter  of  the  pencil  of  light  at  the  ey»«nd 

sions  are  to  30  minutes,  so  are  12  divisions  to  of  the  telescope  in  question ;  for,  if  we  divide 

(lS±_i!:)  31.3,  which  is  the  required  diameter  ^f  diameter  of  the  objecMcns  by  the  diameter 

\.  I  J.  5             '                        ^  of  this  pencil  of  light,  the  quotient  will  ex- 

of  the  sun.               -  ^i .     «.          .        mu.  press  how  many  times  that  telescope  magni- 

Pradical  Uses  of  ths  Mieromeier.^T\aB  ^^  ^  diameter.    Thus,  suppose  that  300 

micrometer  may  be  applied  to  the  followmg  divisions  of  the  micrometer  are  equal  to  the 

purposes;    1.  For  measunng  the  apparent  ^pj^^^  extension  of  one  inch— that   the 

diameters  of  the  sun,  moon,  and  planets.    2.  ^^,  ^^  ^  .  ^  ^  measured  by  four  of  these 

For  measuring  the  apparent  distances  of  the  aivisions*-and  that  the  diameter  of  the  object- 

satellites  from  theu  pnroanes.    3.  For  mea-  j^^^  measures  one  inch  and  two  tenths :  Mul- 

suring  the  cusps  of  the  moon  in  echpaes.    4.  ^  .    j  ^  by  800,  and  the  product  360,  divided 

For  measunng  the  apparent  distances  between  ^    ^^    .^  g^  ^^^  ^^  magnifymg  power  of 

two  contiguous  stars — ^between  a  star  and  a  ^^  telescope. 

planet— between  a  star  and  the  moon— or  be-  problems  wkieh  may  be  solved  by  this 
tween  a  comet  and  the  wnUguous  stars,  so  as  jj^croffMr/er.-l.  The  angle— not  exceedbg 
to  determine  its  path.  5.  For  finding  the  dif-  ^^^  degree— which  is  subtended  by  an  exten- 
ference  of  dechnation  of  conUguous  sUrs,  gi^nof  one  foot,  being  given,  to  find  its  dis- 
when  they  have  nearly  the  same  right  ascen-  ^^^^^  f^^  ^^^  ,^  ^f  observation :  Rule  1. 
sion.  6.  For  measunng  the  small  elevations  j^  ^j^^  ^  ,^  ^  expressed  in  minutes,  say,  as 
or  depressions  of  objects  above  and  below  the  ^^^  .^^  ^  .  is  to  60,  so  U  687.55  to  a 
horizon.  7.  For  measunng  the  proportional  ^^^  proportional,  which  gives  the  answer 
parts  of  buildmgs,  and  other  objects  in  per-  ^  .^^^^  ^  j^  ^^  ^^j^  be  expressed  m 
spective  drawing.  8.  For  ascertoining  whether  ge^oods,  say,  as  the  given  angle  is  to  3600,  so 
a  ship  at  sea,  or  any  moving  object,  is  coming  -^  gg^  ^^  ^  ^  ^^^^  proportional,  which  ox- 
nearer  or  going  further  off;  for  if  the  angle  p^^^^^  ^j^^  ^^^^^  j^^  .^^jj^  3  jf  ^,,5  ^^gle 
subtended  by  the  object  appears  tomcrease.  it  ^  expressed  in  minutes  and  seconds,  turn  it 
shows  that  the  object  is  coming  nearer,  and  ^|,  -^^^^  seconds,  proceed  as  above.  Example: 
if  the  angle  appears  to  decrease,  it  indicates  ^^  ^^^^  distance  is  a  globe  of  one  foot  m 
that  the  object  is  recedmg  from  us.  9.  For  ^^^^^^^  ^^^^  jt  subtends  an  angle  of  two 
ascertaining  the  real  dwtances  of  objects  of  ,^^j,,  2  .  3500  .  .  687.55  :  »60o^f»T.i;# 
known  extension,  and  hence  to  measure  ,^««,«^ .  ,  ,/ioiooi  r  .  !u 
heights  depths,  and  horizontal  distances.  10.  -1237696  inches,  or  1031 32*  feet- the  an- 
For  measuring  the  real  extensions  of  objects  swer  reqmred.  IL  1  he  angle  which  is  sub- 
when  their  distances  are  known.  1 1.  For  tended  by  Miy  known  extension  being  given, 
measuring  the  distance  and  size  of  an  object  «?  find  its  distance  from  the  place  of  observa- 
when  neither  of  them  is  known.  t^on :  Rule :  Proceed  a.  if  the  extension  were 

When  the  micrometer  is  adapted  to  those  of  one  foot,  by  Problem  I.,  and  caU  the  an- 

telescopes  which  have  four  glasses  in  the  eye-  «wer  B ;  then,  if  the  extension  in  quesuon  be 

tube,  and  when  the  euefube  only  U  used,  it  expressed  m  inches,  say  as  12  inches  are  to 

y  be  apph'ed  to  the  ifoUowing  purposes :  1.  ^a*  extension,  so  is  B  to  a  fourth  proportional, 

(875) 
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wliich  if  the  tniwer  in  inches.  But  if  the  ex- 
tension in  qnestion  be  expressed  in  feet,  then 
we  need  only  multiply  it  by  B,  and  the  pro- 
duct is  the  answer  in  inches.  Example:  At 
what  distance  is  a  man  six  feet  hi^h  when  he 
appears  to  subtend  an  angle  of  30''  1  By  Pro- 
blem I.,  if  the  man  were  one  foot  high  the 
distance  would  be  82506  inches ;  but  as  he  is 
six  feet  high  therefore  multiply  83606  by  6, 
and  the  product  is  the  required  distance, 
namely,  495036  inches,  or  41253  feet 

For  greater  convenience,  especially  in  tra- 
velling, when  one  has  not  the  opportunity  of 
making  such  calculations,  the  following  two 
tables  have  been  calculated,  the  first  of  which 
shows  the  distance  answering  to  any  angle 
from  one  minute  to  one  degree,  which  is  sub- 
tended by  a  man  whose  hei^t  is  considered 
an  extension  of  six  feet,  because  at  a  mean, 
such  is  the  height  of  a  man  when  dressed 
with  hat  and  shoes  on.  These  tables  may  be 
tnuMcribed  on  a  card,  and  may  be  kept  always 
ready  with  a  pocket  telescope  furnished  with 


a  micrometer.  Their  use  is  to  ascertain  di» 
tances  without  any  calculations;  and  tliej 
are  calculated  only  to  minutes,  because  vri& 
a  pocket  telescope  and  micrometer  it  is  not 
poesible  to  measure  an  angle  more  accurately 
than  to  a  minute.  Thus,  if  we  want  to  mea- 
sure the  extension  of  a  street,  let  a  foot  ruler 
be  placed  at  the  end  of  the  street ;  measure 
the  angular  appearance  of  it,  whidi  suppose 
to  be  36',  and  in  the  table  we  have  the  re- 
quired distance  against  36^,  which  is  95^ 
feet  Thus,  also,  a  man  who  appears  to  be 
49'  high  is  at  the  distance  of  421  feet 
Again :  Suppose  the  trunk  of  a  tree*  which 
is  known  to  be  three  feet  in  diameter,  be  ob- 
served to  subtend  an  angle  of  9^^  Take  the 
number  answering  to  9^  out  of  the  table, 
namely,  382,  and  subtract  from  it  a  prc^r- 
tional  part  for  the  half  minute,  namely,  19.1, 
which,  subtracted  from  382,  leaves  B62JB* 
This  multiplied  by  3,  the  dkmeter  of  the 
tree,  produces  1087,  7  feet  -.  the  distance 
from  the  object  end  of  the  telescope. 
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In  this  way  the  distance  of  a  considerably  The  breadth  of  a  river,  of  an  arm  of  the 

remote  object,  as  a  town  or  building  at  ten  or  the  distance  of  a  lighthouse,  whose  eleva- 

or  twelve  miles'  distance,  may  be  very  nearly  tion   above  the  sea  or  any  other  point  is 

determined,  provided  we  have  the  lineal  di-  known,  may  likewise,  in  this  manner  ka 

mansions  of  a  house  or  other  object  that  easily  determined, 
•tands  at  right  angles  to  the  line  of  vision. 
(876) 
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CHAPTER  II. 
On  Iht  Equatorial  Ttletcope,  or  F>rlabU  Obeermloiy. 

Tax  equilorial  initrumenl  \a  Intei^ed  lo  iiL  of  Mutin'i  "  Pkilo»oph!a  Brifannica,  or 
aiuwer  ■  number  of  usetal  purpo»e«  in  Prac-  Syitem  of  [he  Newtonian  Philosophy."  Vb- 
lical  Aatronomj,  independently  of  any  par-  rioti*  modtficationii  or  thu  inUnimcDt  tiBTo 
ticolar  otwrTslary.  Beiid«  answering  Ihe  eince  been  msJe  by  Nsime,  Dollond,  Ranu- 
general  purpose  of  a  ijuadrant,  a  tianeit  in-  den,  Troughton,  end  other  aitiats)  but  evea 
■tniment,  a  theodolite,  and  an  aiimulh  instru-  at  the  present  period  it  hai  never  come  into 
ment.  it  u  almcwt  the  only  instrument  adapted  very  geneial  un,  though  it  is  one  of  the  nioet 
for  vlemng  the  alaiB  and  planets  in  Ihc  dny-  plegiant  and  useful  inidamenti  comiecled 
ti'aie,  and  for  follovritig  them  in  their  apparent  with  aslroneDilcal  obHirations. 
diurnal  motions.  It  may  be  made  u>e  of  Aa  many  of  theae  instnimenla  are  some* 
U  any  steady  room  or  place,  and  perfoima  what  compliciled  and  Teiy  expenrive,  t  shall 
most  of  Ihe  usefiil  problems  in  aBtronomical  direct  the  attention  of  the  reader  solely  to  one 
adence.  which  I  consider  as  the  most  simple,  nhich 

The  haids  of  all  oqnatorinl  instmments  is  tnay  be  puichased  at  a  moderate  expense,  and 
a  rSTOlTing  axis,  placed  parallel  lo  theaiin  of  issutficiently  accurate  for  ^cnerWobservationa. 
the  earth,  by  which  on  attached  telescope  ia  The  inatniment  conaists  of  the  following 
made  to  tbtloir  a  star  or  other  celestial  body  parta ;  A  horixonlal  drck,  E  F  (fig.  86,) 
in  the  arc  of  it*  diurnal  reiolntion,  without 

the  trouble  of  repealed  adjuitmenta  for  change*  *"<•  ^■ 

oTeleTatlon.  which  quadranti  and  circles  with 
Ttrtical  and  horiiontal  axes  require.  Such  an 
instrument  is  not  only  convenient  for  many 
useful  and  inlercitinff  purposei  in  celestial  oh- 
•ervolions,  but  ia  eaBentiallj  requiiite  in  cer- 
tain cases,  particularly  in  examining  and  mea- 
suring the  relative  powtioni  of  two  contiguous 
bodies,  or  in  determining  the  diameters  of  Ihe 
plineta.  when  the  ipider's-line  micrometer  is 

Christopher  Sdieiner  is  supposed  lo  hava 

been  the  first  aalronomer  who,  in  the  year 
1630,  mode  use  of  a  polar  niia,  but  without 
•ny  appendage  of  gnduated  circles.  It  wo* 
not,  however,  till  the  middle  of  the  last  cen- 
tury that  any  instruroenla  of  Ihta  description, 
WOTthy  of  the  name,  were  attempted  to  b« 
constructed.  In  171!,  Mr.  Henry  Hindley,  a 
dockmaker  in  York,  added  to  the  polar  axia 
an  equatorial  plate,  a  quadrant  of  altitude, 
and  declination  semiciicle;  but  when  this 
0  London  for 


rale  in  1T4S,  it  remained  unsold  for  the 


of  13  years.  Mr.  Short,  the  optician,  pub- 
lished in  the  Philosophical  Transactions  lor 
1750  a  "description  of  an  equatorial  lelo- 
•cope,"  which  was  of  the  reflecting  lind.  and 
was  mounted  over  a  combination  of  ciides 
and  semicircles,  which  were  strong  enough  lo 

support  a  tube,  and  a  speculum  of  the  Gre-  — 

gorun  conatrucUon  IS  inches  in  focal  length,  divided  into fonr  qtladruits  of  90  degrees  each. 
This  instrument  conaislcd  of  aaomewhalcum-  There  is  a  fixed  nonius  at  iV;  and  the  circle 
beisome  and  ejpensiYe  piece  of  machinery,  a  is  capaple  of  being  turned  round  on  an  axis. 
represealalion  irf  which  may  be  seen  in  voL   In  the  centre  of  the  horizontal  drtle  is  Sied  a 
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ftrongnprigbt  pillar,  which  sopportsthe  centre  leTel  so  that  its  bubble  maj  occupy  the 

of  a  vertieal  aemi-circle,  A  B,  diyided  into  two   die  of  its  glam. 

quadnmts  of  90  degreea  each.    This  is  called        To  adjust  the  Line  of  Sight, — Set  the 


siving  either  altitudes  or  depressions, 
a  nonius  plate  at  JT.  At  right  angles  to  the  look  through  the  telescope  towards  some  part 
plane  of  this  semicircle,  the  equatorial  circle,  of  the  horizon  where  there  is  a  diversity  of 
JIf  JV,  is  firmly  fixed.  It  represents  the  remote  objects ;  level  the  horaontal  drde,  and 
equator,  and  is  divided  into  twice  twelve  then  observe  what  object  aj^iears  in  the  centre 
hours,  evety  hour  being  divided  into  twelve  of  the'  cross-wires,  or  in  the  centre  of  the 
parts  of  five  minutes  each.  Upon  the  equa-  field  of  view  if  there  be  no  wires:  reverso 
torial  cirde  moves  another  circle,  with  a  the  semicircle  of  altitude  so  that  the  other  90^ 
chamfered  edge,  carrying  a  nonius,  by  which  may  apply  to  the  nonius,  taking  care,  at  the 
the  divisions  on  the  equatorial  may  be  read  same  time,  that  the  other  three  noniuses  con- 
off  to  single  minutes;  and  at  right  angles  to  tinue  at  the  same  parts  of  their  respective 
this  movable  circle  is  fixed  the  aenUdrck  of  graduations  as  before.  If  the  remote  6bjeet 
donation,  A  divided  into  two  quadrants  of  continues  to  be  seen  on  the  centre  of  the 
90  degrees  each.  The  telescope,  P  O,  is  snr-  cross-wires,  the  line  of  right  is  truly  adiustedL 
mounted  above  this  circle,  and  is  fixed  to  an  To  find  the  Correciion  to  be  applied  to 
index  movable  on  the  semicirele  of  declina-  Obeeriatione  by  the  Semicircle  of  Attitude. 
tion,  and  carries  a  nonius  opposite  to  Q.  — Set  the  nonius  on  the  declination  semicirck 
The  telescope  is  fiimished  with  two  or  three  to  0,  and  the  nonius  on  the  horary  circle  to 
Huygenian  eyepieces  and  likewise  with  a  XII.;  direct  the  telescope  to  any  fixed  and 
diagonal  eyepiece  for  viewing  objects  near  the  distant  object  by  moving  the  horizontal  circle 
zenith.  Lastly,  there  are  two  spirit  levels  and  semicircle  of  altitude,  and  nothing  eke ; 
fixed  on  the  horizontal  circle  at  right  angles  note  the  degree  and  minute  of  altitude  or  do- 
to  each  other,  by  means  of  which  this  circle  pression ;  reverse  ^e  declination  semicircle  by 
is  made  perfectly  level  when  observations  are  directing  the  nomus  on  the  horary  circle  to 
to  be  made.  the  opposite  XII.;  direct  the  telescope  again 
To  adfust  the  Equatorial  for  Observations,  to  the  same  object,  by  means  of  (he  horizontal 
— Set  the  instrument  on  a  firm  support ;  then,  circle  and  semicircle  of  altitude,  as  before. 
to  adjust  the  levels  and  the  horizontal  circle.  If  its  altitude  or  depressioa  be  the  same  as 
turn  the  horizontal  circle  till  the  beginning  O  was  observed  in  the  other  position,  no  conr^ 
of  the  divisions  coincides  with  the  middle  tion  will  be  required ;  but  if  otherwise,  half 
stroke  of  the  nonius,  or  near  it.  In  this  situa-  the  difierence  of  the  two  angles  is  the  correo- 
tion,  one  of  the  levels  will  be  found  to  lie  tion  to  be  added  to  all  observations  made  with 
either  in  a  right  line  joining  the  two  foot-  that  quadrant,  or  half  of  the  semicircle  which 
screws  which  are  nearest  the  nonius,  or  else  diows  the  least  angle,  or  to  be  subtracted  fium 
parallel  to  such  a  right  line.  By  means  of  all  the  observations  made  with  the  other  qcad- 
the  last  two  screws,  cause  the  bubble  in  the  rant,  or  half  of  the  semicircle.  When  the 
level  to  become  stationary  in  the  middle  of  the  levels  and  other  adjustments  are  once  truly 
glass ;  then  turn  the  horizontal  circle  half  made,  they  will  be  preserved  in  order  for  a 
round  by  bringing  the  other  0  to  the  nonius;  length  of  time,  if  not  deranged  by  violence; 
and  if  the  bubble  remains  in  the  middle  as  be-  and  the  correction  to  be  applied  to  the  semi- 
fore,  the  level  is  well  adjusted ;  if  it  does  not,  circle  of  altitude  is  a  constant  quantity, 
correct  the  position  of  the  level  by  turning  Description  of  the  Nonhu^-The  noniu^^ 
one  or  both  of  the  screws  which  pass  through  sometimes  called  the  Vernier — ^is  a  name 
its  ends  till  the  bubble  has  moved  half  the  given  to  a  device  Att  subdividing  the  arts  of 
distance  it  ought  to  come  to  reach  the  middle,  quadrants  and  other  astronomical  mstninicnt& 
and  cause  it  to  move  the  other  half  by  turn-  It  depends  on  the  simple  circumstance  that  if 
ing  the  foot«crcws  already  mentioned;  return  any  line  be  divided  into  equal  parts,  the  length 
the  horizontal  circle  to  its  first  position,  and  of  each  part  will  be  greater  the  fewer  the  diH- 
if  the  adjustments  have  been  well  made,  the  sions;  and  contrariwise,  it  will  be  less  in  pr&- 
jubble  will  remain  in  the  middle ;  if  otherwise,  portion  as  those  divisions  are  more  numerous, 
the  process  must  be  repeated  till  it  bears  this  Thus,  in  the  equatorial  now  described,  the 
-^roof  of  its  accuracy ;  then  turn  the  horizon-  distance  between  the  two  extreme  strokes  on 
tal  circle  till  90^  stands  opposite  to  the  nonius;  the  nonius  is  exactly  equal  to  eleven  degrees 
and  by  the  foot-screw  immediately  opposite  on  the  limb,  only  that  it  is  divided  into  twelve 
the  other  90^,  cause  the  bubble  of  the  same  equal  parts.  Each  of  these  last  parU  w9 
level  to  stand  in  the  middle  of  the  glass;  therefore  be  shorter  than  the  tlegree  on  Urn 
lastly,  by  its  own  proper  screws  set  the  other  limb  ui  the  proportion  of  II  to  12,  that  is  te 
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■ay,  il  will  be  fi^th  part,  or  fire  minotes  in  the  middle  of  the  field  of  view.  Whenthfa 
shorter;  eoneequently,  if  the  middle  stroke  be  position  is  obtainedi  the  nonius  on  the  eqiWb 
set  precisely  opposite  to  any  degree,  the  rela<>  torial  circle  shows  the  apparent  timCt  and  the 
tive  positions  of  the  nonius  and  the  limb  must  circle  of  attitude  is  in  the  piane  of  the  me' 
be  altered  five  ntinutes  of  a  degree  before  ridian.  When  this  position  is  ascertained, 
either  of  the  two  adjacent  strokes  next  the  the  meridian  may  be  settled  by  a  landmark  at 
middle  on  the  nonius  can  be  brought  to  coin-   a  distance. 

dde  with  the  nearest  stroke  of  a  degree ;  and  With  an  equatorial  instrument  nearly  simi- 
so  likewise  the  second  stroke  on  the  nonius  lar  to  that  now  described,  I  formerly  made  a 
will  require  a  change  of  ten  minutes,  the  series  of  "day  observations  on  the  celestial 
third  of  fifteen,  and  so  on  to  thirty,  when  the  bodies,'*  which  were  originally  published  in 
middle  line  of  the  nonius  will  be  seen  to  be  ToLxxxyLof'*  Nicholson's  Journal  of  Natural 
equidistant  between  two  of  the  strokes  on  the  Philosophy,"  and  which  occupy  twenty  pages 
Umb;  after  which,  the  lines  on  the  opposite  of  that  journal.  Some  of  these  observations  I 
side  of  the  nonius  will  coincide  in  succession  shall  lay  before  the  reader,  after  having  ex- 
with  the  strokes  on  the  limb.  It  is  clear  from  plained  the  manner  in  which  they  are  made, 
this  that  whenever  the  middle  stroke  of  the  The  instmment  was  made  by  Messrs.  'W. 
nonius  does  not  stand  precisely  opposite  io  and  S.  Jones,  opticians,  Holborn,  London, 
any  degree,  the  odd  minutes,  or  distance  be-  The  telescope  which  originally  aocontpanied 
tween  it  and  the  degree  immediately  preced-  the  instrument  was  an  achromatic  refi-actor, 
ing,  may  be  known  by  the  number  of  the  its  object-glass  being  8}  inches  focal  distance, 
stroke  marked  on  the  nonius,  which  coincides  and  one  inch  in  diameter.  This  telescope, 
with  any  of  the  strokto  on  the  limb.*  In  not  admitting  sufificiently  high  magnifying 
some  inr truments  the  nonius-plate  has  its  divi-  powers  for  the  observations  intended,  was 
sions  fewer  than  the  number  of  parts  on  the  afterwards  thrown  aside  fw  another  telescope 
limb  to  which  it  is  equal;  but  when  once  a  having  an  object^lass  20  ioches  focal  lengdi 
clear  idea  of  the  principle  of  any  nonius  is  and  Ijth  inches  in. diameter,  which  was  at- 
obtained,  it  will  be  easy  to  transfer  it  to  any  tached  to  the  equatorial  machinery  in  plaoe 
other  mode  in  which  this  instrument  is  con-  of  the  small  telescope.  It  was  ftimished  with 
trived.  magnifying  powers  of  15,  90,  46, 60,  and  100 

To  find  by  this  Equatorial  the  MBRrniAir  times.  The  instrument  was  placed  on  a  firm 
LiiTE,  and  the  Time,  from  osh  Orserta-  pedestal  about  three  feet  high.  The  feet  of 
TToir  or  THE  8d^. — ^In  order  to  this,  it  is  this  pedestal  had  short  iron  pikes,  which 
requisite  that  the  sun's  declination  and  the  slipped  into  corresponding  holes  in  the  floor 
latitude  of  the  place  be  known.  The  decline-  of  the  apartment  adjacent  to  a  south  window, 
tion  of  the  sun  may  be  found  for  every  day  in  so  that  when  the  direction  of  the  meridian  was 
the  Nautical  Almanac,  or  any  other  astrono-  found,  and  the  circles  properly  adjusted,  the 
mical  ephemeris;  and  the  latitude  of  the  place  instrument  was  in  no  danger  of  being  shifted 
may  be  found  by  means  of  the  semicircle  of  firom  this  position.  Though  this  instrument 
altitude,  when  the  telescope  is  directed  to  the  generally  stood  fronting  the  southern  part  of 
sun  or  a  known  fixed  star.  It  is  likewise  the  heavens,  yet  the  equatorial  part,  along 
requisite  to  make  the  observation  when  the  with  the  telescope,  could  occasionally  be  t»> 
azimuth  and  altitude  of  the  sun  alter  quickly,  moved  to  another  position  fronting  the  north 
and  this  is  generally  the  case  the  further  that  and  north-west,  for  observing  the  stars  in  those 
luminary  is  from  the  meridian ;  therefore,  at  quarters. 

the  distance  of  three  or  four  hours  either  be-  Manner  of  observing  Stars  and  Pfanets 
fore  or  after  noon,  (in  summer,)  adjust  the  in  the  Daytime  by  the  Equatorial. — Before 
horizontal  circle ;  set  the  semicircle  of  altitude  such  observations  can  be  made,  the  semicircle 
so  that  its  nonius  may  stand  at  the  colatitude  of  altitude  must  be  placed  in  the  meridian,  and 
of  the  place ;  lay  the  plane  of  the  last-men-  the  degree  and  minute  pointed  out  by  the 
tioned  semicircle  in  the  meridian  by  estima-  nonius  on  the  horizontal  circle,  when  in  this 
tion,  its  0  being  directed  towards  the  depressed  position,  noted  down  in  a  book,  so  that  it  may 
pole ;  place  the  nonius  of  the  declination  semi-  be  placed  again  in  the  same  position,  should 
circle  to  the  declination,  whether  north  or  any  derangement  afterward  happen.  The 
south ;  then  direct  the  telescope  towards  the  semicircle  of  altitude  must  be  set  to  the  co- 
sun,  partly  by  moving  the  declination  semi-  latitude  of  the  place,  that  is,  to  what  the  lati- 
circle  on  tiie  axis  of  the  equatorial  circle,  and  tude  wants  of  90^.  Suppose  the  latitude  of 
partly  hy  moving  the  horizontal  circle  on  its  the  place  of  observation  be  52°  SO'  north, 
own  axis.  There  is  but  one  pontion  of  these  this  latitude  subtracted  from  90°  leaves  87^ 
which  will  admit  of  the  sun  being  seen  exactly  30^  for  the  colatitude,  and  therefor^  the  semi- 
circle of  altitude,  on  which  the  equatorial  cii> 

•  Adams*B  Introduction  to  Praetical  Astronomy,    de  is  fixed,  must  be  elevated  to  37°  30',  tad 
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then  the  equatorial  circle  on  the  instrument  the  telescope  most  be  adjusted,  and  then  tbs 
coincides  with  the  equator  in  the  heavens,  star  will  be  visible  in  the  field  of  view.  Again : 
Lastly,  the  telescope  must  be  adjusted  on  the  suppose  we  wished  to  observe  the  planet  Venus 
declination  semicircle  so  as  exactly  to  corres-  on  the  1st  of  January,  1842,  at  12  o'clock 
pond  with  the  declination  of  the  heavenly  noon :  the  sun's  right  ascension  on  that  day  is 
body  to  be  viewed.  If  the  body  is  in  the  IS**  46",  and  that  of  Venus  17^  41">,  from 
equator,  the  telescope  is  set  by  the  index  at  0  which  the  sun's  right  ascension  being  sub- 
on  the  semidrcle  of  declination,  or  at  the  mid-  tracted,  the  remainder  is  22**  55%  or  55  mi' 
die  point  between  the  two  quadrants,  and  nutes  past  10  a.x.  Here,  as  the  right  asren- 
then,  when  the  telescope,  along  with  the  semi-  sion  of  Venus  is  too  small  to  have  the  sun's 
circle  of  declination,  is  moved  from  right  to  right  ascension  taken  from  it,  we  borrow  24 
left,  or  the  contrary,  it  describes  an  arc  of  the  hours,  and  reckon  the  remainder  from  XIL  at 
equator.  If  the  declination  of  the  body  be  noon.  As  the  planet  at  12  noon  is  one  hour 
north,  the  telescope  is  elevated  to  the  nor&em  and  five  minutes  past  the  meridian,  the  nonius 
divisiou  of  the  semidrcle;  if  south,  to  the  on  the  equatorial  circle  must  be  set  to  that 
southern  part  of  it  point,  and  the  telescope  adjusted  to  23^  &  of 

These  adjustments  being  made,  take  the  south  declination,  which  is  the  declinatian  d 
difference  between  the  right  ascension  of  the  Venus  for  that  day,  when  this  planet  will  ap- 
sun  and  the  body  to  be  observed,  and  if  the  pear  in  the  field  of  view, 
right  ««:en«onoftt»  body  be  gn»ter  Am  that  o4„„,„^  ^  ,j^  FixtdStan  andPUmtU, 
of  the  sun,  subtract  the  dmerence  from  the  j  -  4l  r\  **  ^i.  *i.  -0  *  *  t 
time  of  oServaUon;  if  not,  add  to  the  time  rnadtmihtDu^xmthyihtEquatonal 
of  observation.*  The  remainder  in  one  case,  For  the  purpose  of  illustrating  the  deacrip- 
or  the  sum  in  the  other,  will  be  the  hour  and  ^^^^  "^^  S^^en,  and  for  affordmg  some  in- 
minute  to  which  the  nonius  on  the  equatorial  formation  respecting  celestial  day  observa- 
drcle  is  to  be  set;  which  being  done,  the  tele-  tion»»  ^  «^^  "elect  a  few  of  the  observations 
scope  will  point  to  the  star  or  planet  to  whose  *^o^®  alluded  to,  which  I  formerly  published 
declination  the  instrument  is  adjusted.  When  «»  Nicholson's  Journal,  along  with  a  lew 
the  heavenly  body  is  thus  found,  it  may  be  o^^^ers  which  have  been  since  made.  These 
followed,  in  its  diurnal  course,  for  hours,  or  as  observations  were  made  with  a  view  to  de- 
long  as  it  remains  above  the  horizon;  for  as  termine  the  foUowmg  particulars:  1.  What 
the  diurnal  motion  of  a  sUr  is  parallel  to  the  f^™  ^^  Pl^nc**  ™ay  tie  convenicnUy  seen 
equator,  the  motion  of  the  telescope  on  the  ^"  *^®  daytime  when  the  sun  is  above  the 
equatorial  circle  will  always  be  in  the  star's  horizon  1  2.  What  degrees  of  magnifying 
diurnal  arc;  and  should  it  have  lea  the  field  P^^r  are  requisite  for  distinguishing  them! 
of  the  telescope  for  any  considerable  time,  it  3-  How  near  their  conjunction  with  the  sun 
may  be  again  recovered  by  moving  the  tele-  ^W  ""^y  ^  seen?  and,  4.  Whether  the  di- 
scope  onward  according  to  the  time  which  minution  of  the  aperture  of  the  object^laas  of 
eUpsed  since  it  was  risible  in  the  field  of  view*  ^^  telescope,  or  the  increase  of  magnifying 
We  may  Ulustrate  what  has  been  now  stated  P^^er,  conduces  most  to  render  a  star  or  a 
by  an  example  or  two :  Suppose,  on  the  30th  P^^t  visible  m  daylight.  Having  never  seen 
of  April,  1841,  at  1  o'clock  p.x.,  we  wished  to  »«<*  observations  recorded  in  books  of  astro- 
see  the  star  Aldebaran.-  the  right  ascension  "omy  or  in  scientific  journals,  I  was  induced 
of  this  star  is  4»'  27"',  and  the  sun's  right  as-  ^  continue  them,  ahnost  every  dear  day,  for 
cension  for  that  day  at  noon,  as  found  in  'learly  a  year,  in  order  to  determine  the  points 
**  White's  Ephemeris"  or  the  "  Nautical  Al-  P^^  specified.  Some  of  the  results  are  stated 
manac,"  is  2»«  30™;  subtract  this  last  number  ^  ^he  following  pages, 
fi-om  4"  27",  and  the  remainder  l*"  57",  shows  Observations  on  Fixed  Stars  of  the^first 
that  the  star  comes  to  the  meridian  on  that  -Wagtiifutfe^— April  23, 1813,  at  10*16- a-x., 
day  at  67  minutes  past  1  o'clock  F.jf.;  and  the  sun  being  5i  hours  above  the  horizon,  saw 
as  the  time  of  observation  is  1  p.m.,  the  nonius  ^^  ^Ur  Vega,  or  a  Lyre,  veiy  distinctly  with 
which  moves  on  the  equatorial  circle  must  be  •  power  of  30  tunes.  Having  contracted  the 
set  to  three  minutes  past  XI.  as  the  star  is  at  aperture  of  the  object-glass  to  ^^jths  of  an 
that  hour  57  minutes  from  the  meridian.  The  «><*»  saw  it  on  a  darker  ground,  but  not  more 
declination  of  Aldebaran  is  16°  11'  north,  to  plainly  than  before.  Having  contracted  the 
which  point  on  the  semicircle  of  declination  aperture  still  further  to  half  an  inch,  I  per- 
ceived the  star,  but  not  so  distinctly  as  before. 

*  Or  find  the  sun's  right  asceniion  for  the  given  The  nkv  hoinir  vprv  oImt  nnA  thn  stnr  m  a 

day ;  subtract  this  from  the  star  or  planet's  right  ^  ^^  r^  °!"?  7^^  *^^^'  ™  "^°  ?"  ™  * 

ascension,  and  the  remainder  is  the  approximate  a  quarter  ot  the  beavens  nearly  opposite  to  the 

time  of  the  star's  coming  to  the  meridian.    The  sun,  I  diminished  the  magnifying  povrer  to 

telescope  is  to  be  directed.  distinctly ;  it  was  just  perceptible.    Aognt 
^0) 
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S3,  at  0^  12»  F.K.,  saw  the  star  Capella  <ir  that  of  Capella  above  stated  was  owing  to  tha 

a  iiur^a?,  with  a  power  of60,  and  immediately  star's  proximity  to  the  san,  and  the  conse- 

afterward  with  a  power  of  30,  the  apertare  quent  illumination  of  the  sky  in  that  quarter 

undiminished.     With  this  last  power  it  ap-  where  it  appeared.     Its  diSference  in  right 

peared  extremely  distinct,  but  not  so  brilliant  ascension  from  that  of  the  sun  was  then  about 

and  splendid  as  with  the  former  power.  Having  S**  b°^  of  time,  and  its  difference  of  declinatioi) 

diminished  the  aperture  to  Aths  of  an  inch,  about  4^  50^.*     This  star  may  be  considered 

it  appeared  on  a  darker  ground,  though  in  the  as  one  of  those  which  rank  between  the  first 

former  case  it  was  equally  perceptible.    A  and  second  magnitudes, 
few  minutes  afterward,  could  distinguish  it       Similar  observations  to  the  above  were  made 

with  a  power  of  16,  the  aperture  being  con-  and  frequently  repeated  on  the  stars  Rigel, 

tracted  to  half  an  inch.    It  appeared  very  Aldebaran,  Betelguese,  Cor  Leonis,  and  o&er 

small ;  it  was  with  difficulty  the  eye  could  stais  of  the  first  magnitude,  which  gave  nearly 

fix  upon  it  in  the  field  of  the  telescope ;  but  the  same  results.      The  stars  Altares  and 

when  it  was  once  perceived,  its  motion  across  Fomalhaut  are  not  so  easily  distinguished,  on 

the  field  of  view  could  be  readily  followed.    It  account  of  their  great  southern  declinati(]!^, 

could  not  be  perceived  when  the  diminished  and  consequent  low  elevation  above  the  hoti- 

aperture  was  removed.    The  sun  was  then  zon.     The  following  observation  on  Arcturut 

shining  in  meridian  splendour.  may  be  added.    June  3d,  observed  Arcturus 

August   10th,  9^  SQ^  A.M.,  saw  the  star  very  distinctly  a  little  before  seven  in  the 

Sinus  with  a  power  of  60,  the  aperture  con-  evening, — ^the  sun  being  about  I^  40"*  above 

tracted  to  ^g^  of  an  inch ;  saw  it  likewise  the  horizon,  and  shining  bright-^with  a  power 

when  the  aperture  was  diminished  to  half  an  of  15,  the  aperture  not  contracted.    It  ap- 

inch,  but  not  so  distinctly  as  through  the  aper-  peared  very  small,  but  distinct.    This  star  is 

ture  of  ^(fths  of  an  inch.    Having  put  on  a  easily  distinguishable  at  any  time  of  the  day 

power  of  30,  could  distinguish  it  distinctly  with  a  power  of  30. 

enough  through  each  of  the  former  apertures.       Observations  on  Stars  of  the  Second  Mag- 

and  likewise  when  they  were  removed,  but  nitude. — May  5,  1813,  at  6b  p.m.,  the  sun 

somewhat  more  distinctly  with  the  apertures  being  an  hour  and  three-quarters  above  tha 

of  nine-tenlhs  and  an  half  inch  than  without  horizon,  saw  Alphard,  or  a  Hydre,  a  star  <^ 

them.  At  this  time  the  star  was  V^  42"  in  time  the  second  magnitude,  with  a  power  of  60, 

of  right  ascension  west  of  the  sun,  having  an  the  aperture  diminished  to  •j'^ths  of  an  inch, 

elevation  above  the  horizon  of  about  17^  lO',  A  few  minutes  afterward  could  perceive  it, 

the  sun  shining  bright,  and  the  sky  very  much  but  indistinctly,  with  a  power  of  30,  the  aper^ 

enlightened  in  Uiat  quarter  of  the  heavens  ture  contracted  as  above.  ^  It  could  not  be 

where  the  star  appeared.    There  was  also  a  seen  very  distinctly  with  this  power  till  about 

considerable  undulation  of  the  air,  which  is  half  an  hour  before  sunset    It  was  then  seen 

generally  the  case  in  the  hot  mornings  of  rather  more  distinctly  when  the  aperture  was 

summer,  which  renders  a  star  more  difficult  contracted  than  without  the  contraction.  May 

to  be  perceived  than  in  the  afternoon,  esped-  7th,  saw  the  star  Denebf  or  |3  Leonis,  dia- 

aliy  when  it  is  viewed  at  a  low  altitude.  June  tinctly  with  a  power  of  60,  about  an  hour  and 

4th,  P  30""  P.M.,  saw  Sirius  with  a  power  of  a  half  before  sunset    August  20th,  saw  Ras 

30  with  great  distinctness,  the  aperture  not  Alhague,  or  a  Ophiuchi,  at  4,^  40"  p.m.,  with 

contracted.  The  star  was  then  within  I'^SO^in  a  power  of  100,  the  sun  being  nearly  three 

time  of  right  ascension  east  from  the  sun.  hours  above  the  horizon,  and  shining  bright 

August  24th,  O**  6'"AJE.,sawthe  star  Proeyon,  Perceived  it  about  an  hour  afterward  with  a 

a  Canis  Minoris,  distinctly  with  a  power  of  power  of  60,  with  the  aperture  contracted  to 

60,  the  aperture  not  contracted.     When  di-  A^bs  of  an  inch,  and  also  when  this  contrao- 

minished  to  i^^f  ths  of  an  inch,  it  appeared  tion  was  removed.    The  star  was  seen  neariy 

rather  more  distinct,  as  the  ground  on  which  as  distinctly  in  the  last  case  as  in  the  first 

it  was  seen  was  darker.    With  a  power  of  August  37,  5^  p.m.,  the  same  star  appeared 
30,  and  the  aperture  contracted  to  Aths  of 

an  inch,  could  perceive  it,  but  somewhat  in-       *  The  rigbt   afcensiDns,  declinations,  lonfri. 

distinctly.     When  the  equatorial  motion  wtuB  tadea,  &c.,  «tated  in  tbese  memoranda,  which 

performed  in  order  to  keep  it  m  the  fieU  of  -'-2:^1.0^^  •r.?i.2:^X''.Vor;li: 

View,  It  was  some  time  before  tne  eye  could  these  respects  being  of  no  importance  In  such  ob- 

again  fix  upon  it     When  the  aperture  was  servatlone.  Tbey  are,  however,  in  general,  within 

AimifxiahaA  *n  half  an  in<»h  it  cniiM  tint  ha  a  minute  Of  two  of  the  truth.  The  timMoftheob. 

dimmished  to  ii»tt  an  mch,  it-TOUidhot  be  .ervatione.  too,  are  noted  in  reference,  not  to  ths 

peioeived.     Saw  it  when  both  the  apertures  agtronomUal,  but  to  the  ehU  day.    The  aitrono- 

were  removed,  but  rather  more  distinctly  with  raical  day  commences  at  IS  noon,  and  the  hours 

tiie  anertuio'of  Atba  of  an  inch.    The  dil^  f "  reckoned,  without  Interruption,  to  the  follow- 

ennce  m  the  result  of  this  observation  no^a  night. 

Ill  4x3  (881) 


104  THE  PRACTICAL  ASTRONOMER. 

quite  distinct  witii  a  power  of  60,  the  aperture  and  a  small  degree  of  magniiying  power  m 

not  contracted.    It  did  not  appear  more  dis-  used.    In  almost  erety  instance,  the  oontiSD- 

tinct  when  the  aperture  was  contracted  to  tion  of  the  object-gtaes  of  the  8^  inch  tele- 

^{rtbs  of  an  inch.    The  sun  was  then  more  scope  with  a  power  of  45  had  a  hurtful  effect ; 

than  two  hours  above  the  horizoik    August  but  when  the  20  inch  telescope  carried  a  power 

28th,  AW  the  star  Poiiux  or,  0  Gemini,  two  of  only  15,  the  contraction  served  lo  render 

hoars  after  sunrise,  with  a  power  of  60,  aper-  the  object  more  perceptible. 

tuf»  nndumniAed.    November  "A,  1' Jo;  obtrtaiuna  on  the  Planet*  modem  the 

p.Mm  saw  the  star  Altatr,  or  a  Aqutu^  with  Dautime, 

an  8i  inch  telescope,  one  inch  aperture,  canj •  ^ 

ing  a  power  of  45,  the  aperture  not  contracted.  Some  of  the  planets  are  not  so  easily  ita- 

Having  contracted  the  aperture  a  little,  it  ap-  tinguished  in  the  daytime  as  the  fixed  stars 

peared  somewhat  less  distinct.    This  star  is  of  the  first  mngnitude.    The  one  which  ia 

reckoned  by  some  to  belong  to  the  class  of  most  easily  distinguished  at  all  times  is  the 

stars  of  the  first  magnitude,  but  in  White's  planet  Venus. 

**  Epbemeris"  aiui  otlwr  Almanacs  it  is  gener-  1.  Observaiiaiu  on  Venut, — ^My  obsenra- 

ally  marked  as  being  of  the  second  magnitude,  tions  on  this  planet  commenced  shout  the  end 

It  forms  a  kind  of  medium  between  stars  of  of  August,  1812,  about  three  or  four  weeks 

of  the  first  and  second  magnitude.  after  its  inferior   conjunction.    About   that 

Similar  observations,  giving  the  same  re-  period,  between  (en  imd  eleven  in  the  fare- 

saks,  were  made  on  the  stars  Bellatrix,  Orion's  noon,  with  a  power  of  45,  it  appeared  as  a 

Girdle,  a  Andromeds,  a  Pega^i,  Alioth,  Benet-  beautiful  crescent,  quite  distbict  and  well  de- 

nach.  North  Crown,  or  a  Corons  Borealis,  fined,  with  a  lustre  similar  to  that  of  the  moon 

and  various  other  stars  of  the  same  magnitude,  about  sunset,  but  of  a  whiter  colour.     The 

From  the  above  and  several  hundreds  of  view  of  its  surface  and  phase  was  fiiUy  mora 

similar  observaticms,  the  following  condusions  distinct  and  satisfactory  than  what  is  obtained 

are  deduced:  in  the  evening  after  sunset;  for,  being  at  a 

1.  That  a  magnifying  power  of  30  times  is  high  elevation,  the  undulation  near  the  hoii- 
sofficient  for  distinguishing  a  fixed  star  of  the  zon  did  not  affect  the  distinctness  of  vision, 
first  magnitude,  even  at  noonday,  at  any  sea-  The  planet  was  then  very  distinctly  seen  with 
son  of  the  year,  provided  it  have  a  moderate  a  power  of  seven  times,  when  it  8|)peared  like 
degree  of  elevation  above  the  horizon,  and  be  a  star  of  the  first  or  second  magnitude.  I 
not  within  30°  or  40°  of  the  sun's  body ;  traced  the  variation  of  its  phases  almost  evoj 
also,  that  by  a  magnifying  power  of  15,  a  star  clear  day  till  the  month  of  May,  1813.  Aa 
of  this  class  may  be  distinguished  when  the  at  that  time  it  was  not  fiir  finom  its  superior 
sun  is  not  more  than  an  hour  and  a  half  conjunction  with  the  sun,  I  wished  to  ascci^ 
above  the  horiion ;  but,  in  every  case,  higher  tain  how  near  its  conjunctioD  with  that  lumi- 
powers  are  to  be  preferred.  Powers  of  45  or  nary  it  might  be  seen,  and  particularly  whether 
60,  particularly  the  last,  were  found  to  answer  it  might  not  be  possible,  in  certain  cases,  to 
best  in  most  cases,  as  with  such  powers  the  see  it  at  the  moment  of  its  conjunction. 

eye  could  fix  on  the  star  with  ease  as  soon  as       The  expressions  of  all  astronomical  writers 
it  entered  the  field  of  the  telescope.  previous  to  this  period,  when  describing  the 

2.  That  most  of  the  stars  of  the  second  phases  of  Venus,  either  directly  assert,  or  at 
magnitude  may  be  seen  with  a  power  of  60  least  imply,  that  it  is  impoenbie  to  see  that 
when  the  sun  is  not  much  more  than  two  planet,  in  any  instance,  at  the  time  of  its 
hours  above  the  horiion ;  and,  at  any  time  of  superior  conjunction.  Thia  is  the  lang^uage 
the  day,  the  brightest  stars  of  this  class  may  of  Dr.  Long,  Dr.  Gregory,  Dr.  Brewster,  Fer- 
be  seen  with  a  power  of  100  when  the  sky  is  guson,  Adams,  B.  Martin,  and  most  other 
serene^  and  the  star  not  too  near  the  quarter  writers  on  the  science  of  Astronomy.  How 
in  which  the  sun  appears.  far  sQch  language  is  correct  will  appear  from 

3.  That,  in  every  iDstance,  an  increase  of  the  following  observations  and  remarks, 
magnifying  power  has  the  principal  eflbct  in  April  24,  1813,  10^  fiO'  a.x.,  observed 
rendering  a  star  easily  perceptible ;  that  dimi-  Venus  with  a  power  of  30,  the  aperture  not 
notion  of  aperture,  in  most  cases,  produces  a  contracted.  She  was  then  about  31  minutes 
very  sliglit  efTect-^in  some  cases,  none  at  aU ;  of  time  in  right  ascension  distant  from  the 
and,  when  the  aperture  is  contracted  beyond  snUt  their  diflerenoe  of  declination  39  59^. 
a  certain  limit,  it  produces  a  hurtful  efiect  She  appeared  distinct  and  well  defined.  With 
The  cases  in  which  a  moderate  contraction  is  a  power  of  100,  could  distinguish  her  gibbous 
usefiU  are  the  two  following:  I.  When  the  phase*  May  1st,  10^  90"  A.M.,  viewed  thia 
atar  appears  in  a  bright  part  of  the  sky,  not.  planet  with  a  power  of  60,  the  aperture  not 
&r  from  that  quarter  in  which  the  sun  appears,   contracted.  It  appeared  distinet.  Saw  it  about 

2.  When  an  object-glass  of  a  large  aperture   the  same  time  vrith  a  power  of  15,  the  apeituia 

(8b2)  '^ 
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bemiT  contracted  to  ^^thgof  an  inch.  Having  of  this  planet  when  oonridarably  nearer  the 
contracted  the  aperture  to  half  an  inch,  saw  it  8un*8  margin  than  as  stated  in  the  above 
more  distinctly.  When  the  contracted  aper-  observation,  particularly  on  the  16tb  of  Octo> 
tures  were  removed,  the  planet  could  with  her,  1819,  at  which  time  Venns  was  seen 
difficulty  be  distinguished,  on  account  of  the  when  only  six  days  and  nineteen  hours  past 
direct  rays  of  the  sun  striking  on  the  inside  the  time  of  the  superior  conjunction.  At 
of  the  tube  of  the  telescope.  The  sun  was  that  time  its  distance  from  the  sun's  eastern 
shining  bright,  and  the  planet  about  25'  of  limb  was  only  1^  28^  42".  A  subsequent  ob- 
time  in  R.  A.  west  of  his  centre,  their  diiier-  servation  proved  that  Venus  can  be  seen  when 
ence  of  declination  being  3^  7'.  May  7th,  only  1°  27'  from  the  sun^s  margin,  which  I 
lO''  A.M.,  saw  Venus  distinctly  with  a  power  consider  as  approximating  to  the  nearest  dis- 
of  60,  the  sun  shining  bright  It  was  then  tance  from  the  sun  at  which  this  planet  is 
about  19^  of  time  in  R  A.,  and  4^  27'  in  distinctly  visible.  I  shall  only  state  further 
longitude  west  of  the  ^un,  their  difference  of  the  two  or  three  following  observations, 
declination  being  2^  18'.  I  found  a  diminu-  June  7th,  1813,  10**  a.m.,  saw  Venus  with 
tion  of  aperture  particularly  useful  when  view-  a  power  of  60,  the  aperture  being  contracted 
ing  the  planet  at  this  time,  even  when  the  to  -{'(^ths  of  an  inch,  the  direct  rays  of  the 
higher  powers  were  applied.  This  was  the  sun  not  being  interested  by  the  top  of  the 
lastobservation  I  had  an  opportunity  of  making  window.  The  aperture  having  been  further 
prior  to  the  conjunction  of  Venus  vrith  the  contracted  to  half  an  inch,  could  perceive  her, 
son,  which  happened  on  May  26th,  at  9**  3"  but  not  quite  so  distinctly.  When  the  con- 
A.x.  Its  geocentric  latitude  at  that  time  being  tractions  were  removed,  she  could  scarcely  be 
about  W  south,  the  planet  must  have  passed  seen.  She  was  then  8^  38^  in  longitude,  and 
almost  close  by  the  sun's  southern  limb,  nearly  15  minutes  in  time  of  R.  A.  distant 
Clondy  weather  for  neariy  a  month  after  the  from  the  sun*s  centre.  Some  fleeces  of  donda 
last  observation  preTented  any  further  vievins  having  moved  across  the  field  of  view,  she 
of  the  planet,  when  it  was  in  Uiat  part  of  the  was  seen  remarkably  distinct  in  the  inter- 
heavens  which  was  within  the  range  of  the  stiees,  the  sun  at  the  same  time  being  partly 
instrument  The  first  day  that  prov»l  favour-  obscured  by  them.  August  19th,  1**  10"*  p.m., 
able  after  it  had  passed  ^e  superior  conjunc-  viewed  Venus  with  a  magnifying  power  of 
tion  was  June  5th.  The  following  is  the  100.  Could  perceive  her  surface  and  gibbous 
memorandum  of  the  observation  then  taken :  phase  almost  as  distinctlv  as  whei\^  the  son 

June  5th,  9*'  a.m.,  adjusted  the  equatorial  is  below  the  horizon.  She  appeared  bright, 
telescope  for  viewing  the  planet  Venus,  but  it  steady  in  her  light,  and  well  defined,  without 
coufd  not  be  perceived  on  account  of  the  that  glare  and  tremulous  appearance  she  ex- 
direct  rays  of  the  sun  entering  the  tube  of  the  hibiti  in  the  evening  when  near  the  horizon, 
telescope.  I  contrived  an  apparatus  for  screen-  She  was  then  nearly  on  the  meridian.  On 
ing  his  rays,  but  could  not  get  it  conveniently  the  whole,  such  a  view  of  this  planet  is  as 
to  move  along  with  the  telescope,  and  there-  satisfactoiy.  if  tiot  preferable,  to  those  views 
fore  determined  to  wait  till  past  eleven,  when  we  obtain  with  an  ordinary  telescope  in  the 
the  top  of  the  window  of  the  pUoe  of  observa-  evenmg,  when  it  is  visible  to  the  naked  eye. 
tion  would  intercept  the  solar  rays.  At  11^  All  the  particulara  above  stated  have  been 
20"  A.M.,  just  as  the  sun  had  passed  the  line  confirmed  by  many  subsequent  observations 
of  sight  from  the  eye  to  the  top  of  the  window,  continued  throughout  a  series  of  years.  I 
and  his  body  was  eclipsed  by  it,  I  was  gratified  shall  state  only  two  recent  observations,  which 
with  a  tolerably  distinct  view  of  the  planet,  show  that  Venus  may  be  seen  somewhat 
with  a  power  of  60,  the  aperture  being  con-  nearer  the  sun  than  what  is  deduced  from  the 
tracted  to  I'^^ths  of  an  inch.  This  distinctness  preceding  observations,  and  at  the  point  of  its 
increased  as  the  sun  retired,  till,  in  two  or  superior  conjunction.  March  lOth,  1842,  ob- 
three  minutes,  the  planet  appeared  perfectly  served  the  planet  Venus,  then  very  near  the 
well  defined.  Saw  it  immediately  afterward  sun,  at  19  minutes  past  11  a.m.  It  had 
with  a  power  of  30,  the  aperture  contracted  passed  the  point  of  its  superior  conjunction 
as  before.  Saw  it  also  quite  distinctly  with  a  with  the  sun  on  the  5th  of  March,  at  l**  19* 
power  of  15;  but  it  could  not  be  distmguished  r  Jf.  The  difference  oX  right  ascension  be- 
with  thb  power  when  Uio  contracted  aperture  tween  the  sun  and  the  planet  was  then  about 
was  removed.  At  this  time  Venus  was  just  6}  minutes  of  time,  or  about  1^  37f^',  and  it 
3^  in  longitude,  or  about  13'  in  time  of  R.  A.  was  only  about  1^  21'  distant  from  the  sun's 
cast  of  the  sun's  centre,  and  of  course  only  eastern  limb.  It  appeared  qnitft  distinct  and 
about  2jth  degrees  liom  his  eastern  limb;  the  well  defined,  and  roi^tpethaps  have  been 
cliiEnence  of  their  declination  being  27',  and  seen  on  the  preceding  day,  had  the  obserrsp 
die  planet's  latitude  11'  north.  tion  been  then  made.    The  following  obsef- 

Several  yean  aflerwaid  I  obtaiiwd  stew*  iration  shows  that  Vemn  may  be  seen  scffl 
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nearer  the  sttn  than  in  the  preceding  obsenra- 
tionsy  and  even  at  the  moment  of  its  superior 
conjunction.  On  the  2d  of  October,  1843, 
thi«  planet  passed  the  point  of  its  saperior 
conjunction  with  the  sun  at  4^  15*  p.m.  At 
two  o^clock  P.M.,  only  two  hours  before  the 
conjuDctioui  I  perceived  the  planet  dii^nctly, 
and  kept  it  in  view  for  nearly  ten  minutes, 
till  some  dense  clouds  intercepted  the  view. 
It  appeared  tolerably  distinct  and  well  defined, 
though  not  brilliant,  and  with  a  round,  iidl 
&ce,  and  its  apparent  path  was  distinctly 
traced  several  times  across  the  field  of  view  of 
the  telescope.  ^  I  perceived  it  afterward,  about 
half  past  four  P.M.,  only  a  few  minutes  after 
it  had  passed  the  point  of  conjunction,  on 
which  occasion  it  appeared  less  distinct  than 
in  the  preceding  observation,  owing  to  the 
low  altitude  of  the  planet,  being  then  only  a 
few  degrees  alx>ve  the  horizon.  The  obser- 
vations, iu  this  instance,  were  made,  not  with 
an  equatorial  instrument,  which  I  generally 
use  in  such  observations,  but  with  a  good 
achromatic  telescope  of  44  j  inches  focal  dis- 
tance, mounted  on  a  common  tripod,  with  a 
terrestrial  power  of  95  times.  A  conical  tube 
about  ten  inches  long  was  fixed  on  the  ob- 
ject-end of  the  telescope,  at  the  extremity  of 
which  an  aperture  1^  inches  in  diameter  was 
placed,  so  as  to  intercept,  as  much  as  possible, 
the  direct  ingress  of  the  solar  rays.  The  top 
of  the  upper  sash  of  the  window  of  the  place 
of  observation  was  likewise  so  adjusted  as  to 
intercept  the  greater  part  of  the  8un*s  rays 
torn  entering  the  tube  of  the  telescope.  The 
sun's  declination  at  that  time  was  3°  26' 
south,  and  that  of  Venus  2^  12^  south ;  con- 
sequently, the  difference  of  declination  vras 
1^  14'  _  the  distance  of  Venus  from  the 
sun's  centre ;  and  as  the  sun*s  diameter  wsm 
about  16',  Venus  was  then  only  58'  from  the 
sun's  northern  limb,  or  6'  less  than  two  diam- 
eters of  the  sun* 

This  is  the  nearest  approximation  to  the 
sun  at  which  I  have  ever  beheld  this  planet, 
and  it  demonstrates  that  Venus  may  be  seen 
even  within  a  degree  of  the  sun's  margin ; 
and  it  is,  perhaps,  the  .nearest  position  to  that 
luminary  in  which  this  planet  can  be  dis- 
tinctly perceived.  It  shows  that  the  light  re- 
flected from  the  surface  of  Venus  is  far  more 
brilliant  than  that  reflected  from  the  surfiice 
of  our  moon ;  ibr  no  trace  of  this  nocturnal 
luminary  can  be  perceived,  even  when  at  a 
much  greater  distance  from  the  sun,  nor  is 
there  any  other  oelestial  body  that  can  be 
seen  within  the  limit  now  stated.  This  is  the 
first  observation,  so  far  as  my  information  ex- 
tends, of  Venus  having  been  seen  at  the  time 
of  her  superior  conjunction.* 

•  This  observailon  is  inserted  in  the  "  ISdiobarxh 
aS? ^°*^  Journal"  for  January,  1844. 


The  practical  conclusion  from  this  obaerf*- 
fion  is,  that  at  the  superior  conjunction  uf 
this  planet,  when  its  distance  from  the  8un*s 
margin  is  not  less  than  58',  its  polar  ana 
equatorial  diameter  may  be  measured  by  a 
micriuneter,  when  it  will  be  determined  whe- 
ther or  not  Venus  be  of  a  spheroidal  figure. 
The  Earth,  Mars,  Jupiter,  and  Satnm  are 
found  to  be,  not  spheres,  but  spheroids,  having 
their  polar  shorter  than  their  equatorial  diam- 
eters. But  the  true  figure  of  Venus  has 
never  yet  been  ascertained,  because  it  is  only 
at  the  superior  conjunction  that  she  presents 
a  fill],  enlightened  hemisphere,  and  when 
both  diameters  can  be  measured,  except  at 
the  time  when  she  transits  die  sun*s  disk, 
which  happens  only  twice  in  the  course  of 
120  years.f 

t  The  late  Dr.  Benjamin  Maitln,  when  describ- 
ing the  nature  of  the  solar  telescope,  in  his  "  Pki- 
losopkia  BritannicA,*'  vol.  iii.  p.    85,  fives  the 
following  relation  :  **  I  cannot  here  omit  tn  men- 
tion a  very  unusual  ph4n»wuncn  that  I  observed 
about  ten  years  ago  in  my  darkened  room.    The 
window  looked  towards  the  west,  and  the  spire 
of  Chichester  Cathedral  was  before  it  at  the 'dis- 
tance of  SO  or  60  yards.  I  used  very  often  to  dirert 
myself  by  observing  the  pleasant  manner  in  whieJk 
the  sun  passed  behind  the  spire,  and  was  eclipsed 
by  it  for  some  time ;  for  the  image  of  ibe  son  and 
of  the  spire  were  very  large,  being  made  by  a  lens 
of  IS  feet  focal  distance  ;  and  once,  as  I  observed 
the  occultation  of  the  sun  behind  the  spire,  just  as 
the  disk  disappeared,  I  saw  several  small,  bright, 
round  bodies  or  balls  running  towards  the  ran 
from  the  dark  part  of  the  room,  even  to  the  dis- 
tance of  20  inches.  ^  I  observed  their  motion  was 
a  little  irregular,  but  rectilinear,  and  seemed  ac- 
celerated as  they  approached  the  sun.    These  lo- 
rainous  globules  appeared  also  on  the  other  side 
of  the  spire,  and  preceded  the  sun,  running  oat 
into  the  dark  room,  sometimes  more,  sometimrs 
leM,  together,  in  the  same  manner  as  they  follow- 
ed the  sun  at  its  occttitation.    They  appeared  to 
be,  in  general,  one'twentieth  of  an  inch  in  diame- 
ter, and  therefore  must  be  very  large,  luminona 
globes  in  some  put  of  the  heavens,  whose  light 
was  eztinguishea  by  that  of  the  sun,  so  that  they 
appeared  not  In  open  daylight;  but  whether  of 
tiie  meteor  kind,  or  what  sort  of  bodies  they 
might  be,  I  could  not   conjecture."    Professor 
Hansteen  mentions  that,  when  employed  in  mea- 
suring the  zenith  distances  of  the  pole  star,  he  ob- 
served a  somewhat  similar  phenomenon,  which 
he  described  ai  **  a  luminous  body  which  pasee4* 
over  the  field  of  the  universal  telescope  ;  that  its 
motion  was  neither  perfectly  equal  nor  rectilinear, 
but  resembled  very  much  the  unequal  and  some- 
what serpentine  motion  of  an  ascending  rocket  ;*' 
and  he  concluded  that  it  must  have  been  **  a  ne> 
teor"  or  '^shooting  star"  descending  fiom  th« 
higher  regions  of  the  atmosphere.  (See  Bdinbur^li 
Philosophical  Jourruil  for  A.pril,  18S5,  No.  xxiv.) 
In  my  frequent  observations  on  Venus,  to  deter* 
mine  the  nearest  positions  to  the  sun  in  whidi 
that  planet  could  be  seen,  I  had  several  times  aa 
opportunity  of  witnessing  similar  phenomena.    I 
was  not  a  little  surprised,  when  searching  fbr  tlM 
planet,  (Vequently  to  perceive  a  body  pass  a 
the  field  of  the  telescope,  apparently  of  the 

siae  as  Venus,  though  sometimes  larger  and  i 

times  smaller,  so  that  1  frequently  mistook  ttat 
body  for  the  planet,  till  its  rapid  motion  nude- 
ceived  BM.  In  several  instances  four  er  jl««  of 
these  bodies  appeared  to  cross  the  field  of  view, 
sometimes  in  a  perpendicular,  and  at  othtt 
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The  fdlowing  conduaions    are    deduced  be  seen  with  an  equatorial  telescope  ewerj 

from  the  obeenrations  on  Venos :  clear  day  without  interruption,  except  about 

1.  That  this  planet  maybe  seen  distinctly,  the  period  of  its  infarior  conjunction,  when 
with  a  moderate  degree  of  magnifying  power,  its  dark  hemisphere  is  turned  towards  the 
at  the  mcmerU  of  its  sttperior  eonjunctum  earth,  and  a  short  time  before  and  after  it 

,wUk  the  sun^  when  its  geocentric  latitude,  When  its  geocentric  latitude  is  less  than  1^ 

either  north  or  south,  at  the  time  of  conjuno-  14,'  it  will  be  hid  only  about  four  days  before, 

tion,  is  not  less  than  1^  14',  or  when  the  and  the  same  time  aiter  its  superior  conjunc- 

planet  is  about  68'  firom  the  son's  limb.  This  tion.     Daring  the  same  period  it  will  be  in- 

conclnsion  is  deduced  from  the  observation  of  visible  to  the  naked  eye,  and  consequently  no 

October  3,  1843,*  stated  above.  observations  can  be  made  upon  it  with  a 

2.  Another  conclusion  is,  that  during  the  common  telescope  for  nearly  six  months,  and 
space  of  583  days,  or  about  19  months-— -the  sometimes  more,  according  as  its  declination 
time  this  planet  takes  in  moving  from  one  is  north  or  south,  namely,  about  two  or  three 
conjunction  with  the  sun  to  a  like  conjunction  months  before,  and  the  same  time  after  its 
again — ^when  its  latitude  at  the  time  of  its  superior  conjunction,  except  where  there  is  a 
superior  conjunction  exceeds  l^  14',  it  may  very  free  and  unconfined  horizon.    In  regard 

Id  b  horisontal  direction.  They  apjMared  to  be  llgent  artiit  who  wu  among  them  to  learn  the 
lumlnoiu  bodiei,  somewhat  resembling  the  aiH  object  that  flxed  bin  attention.  He  replied,  **  We 
pearance  of  a  planet  when  viewed  in  the  daytime  are  looking  at  the  stare  wbich  are  detaching  them- 
with  a  moderate  magnifying  power.  Their  motion  selves  ft-om  the  sun.'*  **  You  may  look  yourself ; 
was  nearly  rectilinear,  but  sometimes  inclined  to  that  will  be  the  shortest  way  to  learn  the  Hict." 
a  waving  or  serpentine  form,  and  they  appeared  He  looked,  and  saw,  in  fact,  not  stars,  hot  balls 
to  move  with  considerable  rapidity— the  telescope  of  fire,  of  a  diameter  equal  to  the  largest  stars, 
being  furnished  with  a  power  of  about  70  times,  which  were  projected  In  various  directions  from 
I  WHS  fur  a  considerable  time  at  a  loss  what  op^  the  upper  hemisphere  of  the  sun,  with  an  incalca- 
nion  to  form  of  the  nature  of  these  bodies  ;  but,  lable  velocity  ;  and  although  this  velocity  of  pro- 
haying  occasion  to  continue  these  observations  Jection  appeared  the  same  In  all,  yet  they  did  not 
almost  every  clear  day  for  nearly  a  twelvemonth,  all  attain  the  same  distance.  These  globes  were 
I  had  frequent  opportunities  of  viewing  this  phe-  projected  at  unequal  and  pretty  short  intervals, 
noraenon  in  different  aspects,  and  was  at  length  Several  were  often  projected  at  once,  but  always 
enabled  to  form  an  opinion  as  to  the  cause  of  at  diverging  fVom  one  another.  Some  of  them  de- 
least  tame  of  the  appearances  which  presented  scribed  a  right  line,  and  were  extinguished  in  tAe 
themselves.  In  several  instances,  the  bodies  distance :  some  described  a  parabolic  line,  and 
alluded  to  appeared  much  larger  than  usual,  and  were  in  like  manner  extinguished ;  others,  again, 
to  move  with  a  more  rapid  velocity ;  in  wbich  after  having  removed  to  a  certain  distance  in  a 
case  I  could  plainly  perceive  that  they  were  no-  right  line,  retrograded  upon  the  same  line,  and 
thing  else  than  birdt  of  difibrent  sizes,  and  appa-  seemed  to  enter,  still  luminous,  into  the  sun's 
rently  at  different  distances,  the  convex  surfkce  disk.  The  ground  of  this  magnificent  picture  was 
of  whose  bodies,  in  certain  positions,  strongly  re-  a  sky-blue,  somewhat  tinged  with  brown.  Such 
fleeted  the  solar  rays.  In  other  Instances,  when  was  his  astonishment  at  the  sight  of  so  majestic  a 
they  appeared  smaller,  their  true  shape  was  un-  spectacle,  that  it  was  impossible  for  him  to  keep 
distinguishable,  by  reason  of  their  motion  and  his  eyes  off  it  till  it  cease<L  which  happened  gra- 
Iheir  distance.  dually  as  the  eclipse  wore  off  and  the  solar  rays 
Having  inserted  a  few  remarks  on  this  subject  resumed  their  ordinary  lustre.  It  was  remarked 
in  No.  XXV.  of  the  Edinburgh  Philosophical  Jour-  by  ene  of  the  crowd  that  **  the  sun  projected  most 
nal  for  July,  1H35,  particularly  In  reference  to  stars  at  the  time  when  it  was  palest;"  and  thai 
Professor  Hansteen's  opinion,  that  article  came  the  circumstance  which  first  excited  attention  to 
under  the  review  of  M.  Serres,  sub-prefect  of  Em-  this  phenomenon  was  that  of  a  woman,  who  cried 
bran,  in  a  paper  inserted  in  the  AnnaU*  <2«  Chimi9  out,"  Come  here !  come  and  see  the  flames  that 
for  October,  1835,  entitled,  *' Notices  regarding  are  issning  fk-omthe  sun!" 
fiery  meteors  seen  during  the  day."  (See  Edin-  I  have  staled  the  above  fhcts  because  they  may 
burgh  Philosophical  Journal  for  July,  1820,  p.  afterward  tend  to  throw  light  upon  certain  objects 
114.)  In  the  discussion  of  this  subject,  M.  Serres  or  phenomena  with  which  we  are  at  present  un- 
admiu  that  the  light  reflected  very  obliquely  from  acquainted.  The  phenomenon  of  **  falling  stars'  * 
the  feathers  of  a  bird  is  capable  of  producing  an  has  of  late  years  excited  considerable  attention, 
effect  similar  to  that  which  I  have  now  described,  and  It  seems  now  to  be  admitted  that  at  least  cer- 
bnt  that  "the  explanation  ought  not  to  be  general-  tain  species  of  these  bodies  descend  from  regions 
ited.**  He  remarks,  that  while  observing  the  sun  far  beyond  the  limits  of  oar  atmosphere.  This 
at  the  repeating  circle,  he  frequently  perceived,  may  be  pronounced  as  certain  with  regard  to  the 
even  through  the  coloured  glass  adapted  to  the  "  November  Meteors."  May  not  some  of  the 
eyepiece,  large  luminous  points  which  traversed  phenomena  described  above  be  connected  with 
the  field  of  the  telescope,  and  which  appeared  too  the  fa\\  of  meteoric  stones—the  showers  of  fhlling 
well  defined  not  to  admit  them  to  be  dlsunt,  and  stars  seen  on  the  12th  and  13th  of  November,  or 
subtended  too  large  angles  to  imagine  them  birds,  other  meteoric  phenomena  wbosA  causes  we  have 
In  illustration  ofthis  subject,  he  states  the  follow-  hitherto  been  unable  to  explain  1  Or,  may  we 
ing  fbcts :  On  the  7ih  of  September,  1890,  after  conceive  that  certain  celestial  bodies,  with  whose 
liaving  observed  for  some  time  the  eclipse  of  the  nature  and  destination  we  are  as  yet  unacquaint- 
sun  which  happened  on  that  day,  he  intended  to  ed,  may  be  revolving  in  different  courses  in  the 
takea  walk  in  the  fields,  and  on  crossing  the  town,  regions  around  us,  some  of  them  opaque  and 
tae  saw  a  numerous  group  of  individuals  of  every  others  luminous,  and  whose  light  is  undislingalsb- 
age  and  sex,  who  had  their  eyes  fixed  in  the  di-  able  by  reason  of  the  solar  efilUgence  Y 
rection  of  the  sun.  Further  on,  he  perceived  an-  *  For  an  explanation  of  the  manner  of  viewing 
other  group,  having  their  eyes  in  like  manner  Venns  at  her  superior  coqJitBCtlon,  see  "  Celestial 
taraed  towards  the  snn.    He  questioned  an  Intel-  Scenery." 
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to  the  time  in  which  this  planet  can  be  hid  with  this  power  that  I  hare  reaaon  to  bdfew 
about  the  p^nod  of  its  inferior  conjunction,  I  it  would  have  been  peroeived  with  a  powA 
have  ascertained  from  observation  that  it  can  of  six  or  seven  times.  When  the  apexture 
never  be  hid  longer  than  during  a  space  of  2  was  contracted  to  Aths  of  an  inch,  and  after- 
days  22  hours,  having  seen  Venus,  about  ward  to  half  an  inch,  there  was  little  peicep- 
noon,  like  a  fine,  slender  crescent,  only  35  tibie  difference  in  its  appearance.  It  was 
hours  after  she  had  passed  the  point  of  her  then  about  58®  in  longitude  east  of  the  son. 
inferior  conjunction ;  and  in  a  late  instance  Though  Jupiter,  when  at  a  oonsidenible 
she  was  seen  when  little  more  than  a  day  distance  from  tiie  sun,  and  near  his  oj^position, 
from  the  period  of  conjunction.  The  longest  appears  to  the  naked  eye  with  a  biilliancy 
time,  therefore,  that  this  planet  can  be  hid  nearly  equal  to  that  ofVenus,  yet  there  is  a  veiy 
from  view  during  a  period  of  583  days,  is  only  striking  difference  between  them  in  respect 
about  ten  dayt;  and  when  its  latitude  at  the  of  lustre  when  viewed  in  daylight  Jupiter, 
time  of  the  superior  conjunction  equals  or  ex-  when  viewed  with  a  high  magnifying  power 
oeeds  1®  14',  it  can  be  hid  little  more  than  in  the  daytime,  always  exhibits  a  veiy  dull, 
two  days.  This  is  a  circumstance  which  can-  cloudy  appearance,  whereas  Venus  appean 
not  be  affirmed  of  any  other  celestial  body,  with  a  moderate  degree  of  splendour.  About 
the  sun  only  excepted.  the  end  of  June,  1813,  between  five  and  six 

3.  That  every  variation  of  the  phases  of  in  the  evening,  having  viewed  the  planet 
this  planet,  from  a  slender  crescent  to  a  full,  Venus,  then  within  20®  of  the  sun,  and  which 
enli^tened  hemisphere,  may,  on  every  clear  appeared  with  a  moderate  degree  of  lustre,  I 
day,  be  conveniently  exhibited  by  means  of  directed  the  telescope  to  Jupiter,  at  that  time 
the  equatorial  telescope.  This  circumstance  more  than  32®  from  the  sun,  when  the  con* 
renders  this  instrument  peculiarly  useful  in  trast  between  the  two  planets  was  very  stiik- 
the  instruction  of  the  young  in  the  principles  ing,  JufMter  appearing  so  fiiint  as  to  be  just 
of  astronomy ;  for  if  the  phase  which  Venus  discernible,  though  his  apparent  magnituds 
should  exhibit  at  any  particular  time  be  known,  was  nearly  double  that  of  Venus.  In  this 
the  equatorial  telescope  may  be  directed  to  observation  a  power  of  65  was  used.  In  his 
the  planet,  and  its  actual  phase  in  the  heavens  approach  towards  the  sun,  about  the  end  of 
be  immediately  exhibited  to  the  astronomical  July,  I  could  not  perceive  him  when  he  was 
pupil.  within  16®  or  17®  of  his  conjunction  with 

4.  Since  it  is  only  at  the  period  of  the  that  luminary.  These  circumstaneeM  fumish 
superior  conjunction  that  this  planet  presents  a  aetuibk  and  popular  proof,  independently 
a  ftiU,  enlightened  hemisphere,  and  since  it  is  of  astronomical  calculations,  that  the  planti 
only  when  this  phase  is  presented  that  both  Jupiter  is  placed  at  a  much  greater  dtstanee 
its  diameters  can  be  measured,  it  is  of  some  from  the  sun  than  Venus,  smce  its  light  is 
importance  that  observations  be  made  on  it  at  so  faint  as  to  be  scarcely  perceptible  when 
the  moment  of  conjunction,  by  means  of  more  than  20  degrees,  from  the  sun,  while 
powerful  telescopes  furnished  with  microine-  that  of  Venus  is  distinctly  seen  amid  the  fiill 
ten,  so  as  to  determine  the  diflercnce  (if  any)  splendour  of  the  solar  rays,  when  only  about 
between  its  polar  and  equatorial  diameters.  a  degree  from  the  margin  of  that  luminary. 

5.  Another  conclusion  from  the  obscrva-  With  a  power  of  65  I  have  been  enabled  to 

tions  on  Venus  is,  that  a  moderate  diminution  distinguish  the  belts  of  Jupiter  before  sunset, 

of  the  aperture  of  the  object-glass  of  the  tele-  but  could  never  perceive  any  of  his  satellites 

scope  is  useful,  and  even  necessary,  in  view-  till  the  sun  was  below  the  horizon.     "Hiere 

ing  this  planet  when  near  the  sun.    Its  e0*ect  are  no  observations  which  so  sensibly  and 

is  owing  in  part  to  the  direct  solar  rays  being  strikingly  indicate  the  difterent  degrees  of  light 

thereby  eftectually  excluded,  for  when  these  emitted  by  the  different  planets  as  those  which 

rays  enter  directly  into  the  tube  of  the  tele-  are  made  in  the  daytime.     To  a  common  ob- 

scope,  it  is  very  difficult,  and  almost  impossi-  server,  during  night,  Jupiter  and  Venus  ap- 

blc,  to  perceive  tliis  planet,  or  any  other  ce-  pear,  in  a  clear  sky,  nearly  with  equal  bril- 

lestial  body  when  in  th^  vicinity  of  the  sun.  liancy,  and  even  Mars,  when  about  the  point 

rs,  ..  T     'A         J   ML      -Di      J  of  his  opposition  to  the  sun,  appears  with  a 

Ob,ervatwn»  on  JupUtr  and  other  PlaneU.  ,,^  ^„hat  nmilar,  thoughtinged  with 

This  planet  is  very  easily  distinguished  in  a  ruddy  hue ;  but  when  seen  in  daylight  their 

the  daytime  with  a  very  moderate  magnify-  aspect  is  very  dissimilar.    This  circumstansx 

ing  power,  when  it  is  not  within  30®  or  35®  evidently  indicates,  1.  That  these  planets  are 

of  the  sun.    The  following  extract  from  my  placed  at  di£&rent  distances  from  the  sun,  and 

memorandums  may  serve  as   a  specimen :  consequently  are  furnished  with  difierent  de« 

May  12,  1813,  P  io*^  pk.,  saw  Jupiter  with  grces  of  light  proportional  to  the  square  of 

a  power  of  15  times,  the  aperture  not  con-  their  distances  from  that  luminary ;  and,  t, 

tnicted.     The  planet  appeared  so  distinct  That  there  aro  certain  cizcumslanoes 
.      (886) 


UTILiry  OF  liAY  OBSERVATIONS.  169 

nected  with  the  mirfiices  und  atmospheies  of  Such  are  eome  specimens  of  tiie  obeenm- 

die  planetary  bodies  whinh  render  the  light  tions  I  have  made  on  the  heavenly  bodies  iii 

they  emit  more  or  less  intense,  independently  the  daytime,  and  the  conclusions  which  may 

of  their  diflerent  distances  from  the  central  be  deduced  from  them.     I  liave  been  induced 

iominary ;  for  Mars,  though  much  nearer  to  to  communicate  them  from  the  consideration 

the  sun  than  Jupiter,  is  not  so  easily  distin-  that  the  most  minute  facts  in  relation  to  any 

guishod  in  the  daytime,  and  even  in  the  night  science  are  worthy  of  being  known,  and  may 

sinie  appears  with  a  iers  degree  of  lustre.  possibly  be  useful.    They  may  at  least  gratify 

My  obeervations  on  SiUum  in   daylight  the  astronomical  tyro  with  some  information 

have  not  been  so  frequeM  as  those  on  Jupiter,  whbh  he  will  not  find  in  the  common  treatises 

I  have  been  enabled  to  distinguish  his  ring  on  Astronomy,  and  may  perhaps  excite  him 

several  times  before  sunset  with  a  power  of  to  prosecute  a  train  of  similar  observations  for 

65,  but  his  great  southern  declination,  and  confirming  or  correcting  those  which  have 

consequent  low  altitude,  at  the  periods  when  been  noted  above. 

these  observations  were  made,  were  unfavour-  Besides  the  deductions  already  stated,  the 
able  for  determining  the  degree  of  his  visibility  following  general  conclusions  may  be  noted : 
in  daylight ;  for  a  planet  or  a  star  is  always  1.  That  a  celestial  body  may  be  as  easily  di»* 
more  distinctly  perceptible  in  a  A^A  than  in  tinguished  at  noonday  as  at  any  time  between 
a  low  altitude,  on  account  of  the  superior  the  hours  of  nine  in  the  morning  and  three  in 
purity  of  the  atmosphere  through  which  a  the  afternoon,  except  during  the  short  days  in 
celestial  object  is  seen  when  at  a  high  eleva-  winter.  2.  They  are  more  easily  distinguished 
tion  above  the  horizon.  This  planet,  how-  at  a  high  than  at  a  low  altitude — ^in  the  after- 
ever,  is  not  nearly  so  distinctly  visible  in  day-  noon  than  in  the  morning,  especially  if  their 
light  as  Jupiter,  and  I  have  chiefly  seen  it  altitudes  be  low — and  in  ^e  northern  region 
when  the  sun  was  not  more  than  an  hour  or  of  the  heavens  than  in  the  southern.  The 
two  above  the  horizon,  but  never  at  noonday,  diflSculty  of  perceiving  them  at  a  low  altitude 
although  it  is  probable  that  with  powerful  in-  is  obviously  owing  to  the  thick  vapours  near 
struments  it  may  be  seen  even  at  that  period  the  horizon.  Their  being  less  easily  distin- 
of  the  day,  The  planet  Mart  is  seldom  dis-  guished  in  the  morning  than  in  the  afternoon 
tinctly  visible  ix:  Che  daytime,  except  when  at  is  owing  to  the  undulations  of  the  atmosphere, 
no  great  distance  from  its  opposition  to  the  which  are  generally  greater  in  the  morning 
sun.  The  following  is  a  memorandum  of  an  than  in  the  afternoon.  This  may  be  evidently 
observation  on  Mars,  when  in  a  favourable  perceived  by  looking  at  distant  land  objects  at 
position:  October  24,  1836,  saw  the  planet  those  times, in  a  hot  day,  through  a  telescope 
Mare  distinctly  with  a  power  of  about  60,  at  which  magnifies  about  40  or  50  times,  when 
40  minutes  past  9  am.,  the  sun  having  been  they  will  be  found  to  appear  tremulous  and 
above  the  horizon  nearly  three  hours.  It  ap-  distorted  in  consequence  of  these  undulations, 
peared  tolerably  distinct,  but  scarcely  so  brU-  especially  if  the  sun  be  shining  bright  In 
liant  as  a  fixed  star  of  the  first  magnitude,  consequence  of  this  eircinnstanoe,  we  can 
though  with  apparently  as  much  light  as  seldom  use  a  high  terrestrial  power  with  eflect 
Jupiter  generally  exhibits  when  viewed  in  on  land  objects  except  early  in  the  morning 
daylight  It  couM  not  be  traced  longer  at  the  and  a  short  time  before  sunset  Their  being 
time,  so  as  to  ascertain  if  it  could  be  seen  at  more  easily  distinguished  in  the  northern  re- 
midday,  on  account  of  the  interposition  of  the  gion  of  the  heavens  is  owing  to  that  part  of 
western  side  of  the  window  of  the  place  of  the  sky  being  of  a  deeper  azure,  on  account 
observation.  The  ruddy  aspect  of  this  planet  of  its  being  less  enlightened  than  the  southern 
— doubtless  caused  by  a  dense  atmosphere  with  the  splendour  of  the  solar  rays. 

whh  which  it  i.  enmoned-U  one  of  the  ^^  ,  CeluOal  Da^  ObHrvatim,. 
causes  which  prevents  its  appeanng  with  ^  ^  ^ 
bnliiancy  in  the  daytime.  With  respect  to  The  observations  on  the  heavenly  bodies  in 
the  planet  Mercury ^  I  have  had  opportunities  the  daytime,  to  which  I  have  now  directed 
of  observing  it  several  times  after  sunrise  and  the  attention  of  the  reader,  are  not  to  bo  con- 
before  sunset,  about  10  or  12  days  before  and  sidered  as  merely  gratifications  of  a  rational 
after  its  greatest  elongation  from  the  sun,  curiosity,  but  may  be  rendered  subservient  to 
with  a  power  of  45.  I  have  several  times  the  promotion  of  astronomical  science.  As 
searched  for  this  planet  about  noon,  but  could  to  the  planet  Venus :  when  I  consider  the 
not  perceive  it  The  air,  however,  at  the  degree  of  brilliancy  it  exhibits,  even  in  day- 
times, alluded  to,  was  not  very  clear,  and  I  light,  I  am  convinced  that  useful  observations 
was  not  certain  that  it  was  within  the  field  of  might  frequently  be  made  on  its  sur&ce  in 
of  the  telescope,  and  therefore  I  am  not  con-  the  daytime,  to  determine  some  of  its  physical 
▼inced  but  that,  with  a  moderately  high  power,  peculiarities  and  phenomena.  SSuch  observa- 
it  may  be  seen  even  at  noonday.  tions  might  set  at  rest  any  disputes  which 
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may  still  exist  lespecting  the  period  of  rota-  ferior  oonjunctioii,  may  be  coniidered  as  tke 

tion  of  this  planet   Caasini,  from  observations  most  eligible  times  for  prosecuting  such  ob- 

on  a  bright  spot,  which  advanced  20°  in  24  servations.   If  this  supposed  satellite  be  about 

34">,  detennined  the  time  of  its  rotation  to  be  one-third  or  one^urUi  of  the  diameter  of  its 

23  hours  20  minutes.    On  tho  other  hand,  primary,  as  Cassini,  Short,  Baudouin.  Mont- 

Bianchini,  from  similar  observations,  concluded  barron,   Montaigne,  and  other  astronomers 

that  its  diurnal  period  was  24  days  and  8  supposed,  it  must  be  nearly  as  laige  as  Mer- 

hours.    The  difficulty  of  deciding  between  cuiy,  which  has  been  frequently  seen  in  day- 

these  two  opinions  arises  from  the  short  time  light  If  such  a  satellite  have  a  real  existence, 

in  which  observations  can  be  made  on  this  and  yet  undistinguishable  in  daylight,  its  sur- 

planet,  either  before  sunrise  or  after  sunset,  &ce  must  be  of  a  very  diHerent  quality  for 

which  prevents  us  from  tracing  with  accuracy  reflecting  the  rays  of  light  from  that  of  its 

the  progressive  motion  of  its  spots  for  a  suf-  primary ;  for  it  is  obvious  to  every  one  who 

Acient  length  of  time ;  and,  although  an  ob-  has  seen  Venus  with  a  high  power  in  the 

server  should  mark  the  motion  of  the  spots  at  daytime,  that  a  body  of  equal  brilliancy,  though 

he  same  hour  on  two  succeeding  evenings,  four  times  less  in  diameter,  would  be  quite 

and  find  they  had  moved  forward  15°  in  24  perceptible,  and  exhibit  a  vidble  diA.     Sudi 

hours,  he  would  still  be  at  a  loss  to  deter-  observations,  however,  would  be  made  witb 

mine  whether  they  had  moved  only  15°  in  all  much  greater  eflfect  in  Italy  and  other  southern 

since    the    preceding   observation,    or    had  countries,  and  particularly  in  tropical  climates, 

finished  a  revolution  and  15°  more.  U^  there-  such  as  the  southern    parts  of   Asia   and 

fiare,  any  spots  could  be  perceived  on  the  sur-  America,  and   in  the  West  India  islands, 

face  of  Venus  in  the  daytime,  their  motion  where  the  sky  is  more  clear  and  serene,  and 

might  be  trsoed,  when  she  is  in  north  declina-  where  the  planet  may  be  vHewed  at  higher 

tion,  for  12  hours  or  more,  which  would  com-  altitudes  and  for  a  greater  length  of  time, 

pletely  settle  the  period  of  rotation.    That  it  without  the  interruption  of  clouds,  than  in 

is  not  improbable  that  spots  fitted  for  this  pur-  our  island. 

pose  may  be  discovered  on  her  disk  in  the  Again,  the  apparent  magnitudes   of  the 

daytime,  appears  from  some  of  the  observa-  fixed  stars,  the  quantity  of  Ught  they  respect- 

tions  of  Cassini,  who  saw  one  of  her  spots  ively  emit,  and  the  precise  class  of  magnitude 

when  the  sun  was  more  than  eight  degrees  which  should  be  assigned  to  them,  might  be 

above  the  horizon.*     The  most  distinct  and  more  accurately  determined  by  day  obseiva- 

satisfactory  views  I  have  ever  had  of  this  pla^  tions  than  by  their  appearance  in  the  noctor* 

net  were  those  which  I  obtained  in  the  day-  nal  sky.   AU  the  stars  which  are  reckoned  to 

time,  in  summer,  when  it  was  viewed  at  a  belong  to  thejirgt  magnitude  vrenai  equally 

high  altitude  with  a  44^   inch  achromatic  distinguishable  in  daylight    For  example,  the 

telescope,  carrying  a  power  of  150.    I  have  stars  Aldeharan   and  Proeyon  are   not  so 

at  such  times  distinctly  perceived  the  distinct-  easily  distinguished,  nor  do  they  appear  vrith 

tion  between  the  shade  and  colour  of  its  the  same  degree  of  lustre  by  day,  as  the  stan 

margin  and  the  superior  lustre  of  its  central  q,  Lyrx  and  Capella,    In  like  manner,  the 

parts,  and  some  spots  have  occasionally  been  stars  AUair,  Alpkardy  Deneb  Raa  Alhagutf 

seen,  though  not  so  distinctly  marked  as  to  considered  as  belonging  to  the  second  magm* 

determine  its  rotation.    Such  distinct  views  tude,  are  not  equally  distinguishable  by  the 

are  seldom  to'be  obtained  in  the  evening  after  same  aperture  and  magnifying  power,  which 

sunset,  on  account  of  tiie  undulations  of  the  seems  to  indicate  that  a  different  quantity  of 

atmosphere,  and  the  dense  mass  of  vapours  light  is  emitted  by  these  stars,  ariang  from  a 

through  which  the  celestial  bodies  are  viewed  difiference  either  in  their  magnitude,  their  dis- 

when  near  the  horizon.  tance,  or  the  quahty  of  the  light  with  which 

Nor  do  I  consider  it  altogether  improbable  they  are  irradiated, 
that  its  tatelUte  (if  it  have  one,  as  some  have  The  following  are  fikewise  practical  pur- 
supposed^  may  be  detected  in  the  daytime,  poses  to  which  celestial  day  observations  may 
when  this  planet  is  in  a  favourable  position  be  applied.  In  accurately  adjusting  circultf 
for  such  an  observation,  particularly  when  a  and  transit  instruments,  it  is  useful,  and  even 
pretty  large  portion  of  its  enUghtened  surface  necessary,  for  determining  the  exact  poeatian 
is  turned  towards  the  earth,  and  when  its  of  the  meridian,  to  take  observations  of  cer- 
satellite,  of  course,  must  present  a  similar  tain  stare  which  difiler  greatly  in  aenith  di»- 
phaae.  About  the  period  of  its  greatest  elon-  tance,  and  which  transit  the  meridian  neariy 
gation  from  the  sun,  and  soon  afWr  it  assumes  at  the-  same  time.  But  as  tiie  stars  best 
a  crescent  phase,  in  its  approach  to  the  in*  situated  for  this  purpose  cannot,  at  every  sea- 
son, be  seen  in  the  evenings,  we  must,  in 

E:eyc?oJ^?f'B*iniSlf'  /.l!"  IL  "p.  ^Sb^M    c«rUin  <»««,  wait  for  B^  month,  bete 
edition.  such  observations  can  be  made,  unless  we 
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make  them  in  the  daytime^  which  can  very 
easily  be  done  if  the  instrument  have  a  tele- 
scope adapted  to  it,  furnished  with  such 
powers  as  Uiose  above  stated,  or  higher  powers 
if  required.  I  have  likewise  made  use  of  ob- 
servations on  the  stars  in  the  daytime  for  ad- 
justing a  clock  or  watch  to  mean  time,  when 
the  sun  was  in  a  situation  beyond  the  range 
of  the  instrument,  or  obeciired  by  clouds,  and 
when  I  did  not  choose  to  wait  till  the  evening. 
This  may,  at  first  view,  appear  to  some  as 
paradoxical,  since  the  finding  of  a  star  in 
daylight  depends  on  our  knowing  its  right 
ascension  from  the  sun,  and  this  last  drcum-  , 
stance  depends,  in  some  measure,  on  our 
knowing  tho  true  time.  But  if  a  watch  or 
clock  is  known  not  to  have  varied  above  seven 
or  eight  minutes  from  the  time,  a  star  of  the 
first  magnitude  may  easily  be  found  by  mov- 
ing the  telescope  a  little  backward  or  forward 
till  the  star  appear;  and  when  it  is  once 
found,  the  exact  variation  of  the  movement  is 
then  ascertained  by  comparing  the  calculations 
which  were  previously  necessary  with  the 
time  pointed  out  by  the  nonius  on  the  equa- 
torial circle ;  or,  in  other  words,  by  ascertain- 
ing the  difiference  between  the  time  assumed 
and  the  time  indicated  by  the  instrument 
when  the  star  appears  in  the  centre  of  the 
field  of  view.  All  this  may  be  accompUshed 
in  five  or  six  minutes. 

Besides  the  practical  purposes  now  stated, 
the  equatorial  telescope  is  perhaps  the  best  in- 
strument for  instructing  a  learner  in  the  vari- 
ous operations  of  practical  astronomy,  and 
particularly  for  enabling  him  to  distinguish 
the  names  and  positions  of  the  principal  stars ; 
for  when  the  right  ascension  and  declination 
of  any  star  is  known  from  astronomical  tables, 
the  telescope  may  be  immediately  adjusted  to 
point  to  It,  which  will  infallibly  prevent  his 
mistaking  one  star  for  another.  In  this  way, 
likewine,  the  precise  position  of  tho  planet 
Mercwi/,  Uranus,  Vesta,  Juno,  Ceres,  PaU 
ias,  a  small  comet,  a  nebula,  a  double  star,  or 
any  other  celestial  body  not  easily  distinguish- 
able by  the  naked  eye,  may  be  readily  pointed 
out,  when  its  right  ascension  and  declination 
are  known  to  a  near  approximation. 

In  conclusion,  I  cannot  but  express  my 
surprise  that  the  equatorial  telescope  is  so 
little  known,  by  many  of  the  lovers  of  astro- 
nomical science.  In  several  respectable  acade- 
mies in  this  part  of  Britain,  and,  if  I  am  not 
misinformed,  in  most  of  our  universities,  this 
instrument  is  entirely  unknown.  This  is  the 
more  unaccountable,  as  a  small  equatorial  may 
be  purchased  for  a  moderate  sum,  and  as  there 
is  no  single  instrument  so  well  adapted  for 
illustrating  all  the  operations  of  practical  astro- 
nomy. Where  very  great  accuracy  is  not  re- 
(ittired,  it  may  occasionally  be  made  to  serve 
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the  general  purposes  of  a  transit  ingtrumeni 
for  observing  the  passages  of  the  sun  and 
stars  across  the  meridian.  It  may  likewise  be 
made  to  serve  as  a  theodolite  for  surveying 
land  and  taking  hoiitontal  angle»— as  a  quad- 
rant for  taking  angles  of  altitude — as  a  level 
— as  an  equal  altitude  t9M/rum«n/— an  azi- 
muth  instrument  for  ascertaining  tho  sun's 
distance  from  the  north  or  south  points  of  the 
horizon — and  as  an  accurate  universal  sun- 
dial, for  finding  the  exact  mean  or  true  time 
on  any  occasion  when  the  sun  is  visible.  The 
manner  of  applying  it  to  these  different  pur- 
poses will  be  obvious  to  eveiy  one  who  is  in 
the  least  acquainted  with  the  nature  and  con- 
struction of  this  instrument. 

The  price  of  a  small  equatorial  instrument, 
such  as  that  described  p.  159,  is  about  16 
guineas,  exclusive  of  some  of  the  eyepieces, 
which  were  afterward  added  for  the  purpose 
of  making  particular  observations.  Instru- 
ments of  a  larger  size,  and  with  more  com- 
plicated machinety,  sell  from  50  to  100  guineas 
and  upward.  Messrs.  W.  and  S.  Jones,  Hol- 
bom  London,  construct  such  instruments. 

ox  THE  aUADKAVT, 

Eveiy  circle  being  supposed  to  be  divided 
mto  360  equal  parts  or  degrees,  it  is  evident 
that  90  degrees,  or  the  fourth  part  of  a  circle, 
will  be  sufficient  to  measure  all  angles  be- 
tween the  horizon  of  any  place  and  the  line 
perpendicular  to  it  which  goes  up  to  the  zenith. 
Thus,  in  fig.  87,  the  tine  C  B  represents  the 
plane  of  the  horizon.  A  C  B  H,  the  quad- 
rant ;  A  C,  the  perpendicular  to  the  horizon ; 
and  A,  the  zenith  point  If  the  lines  B  C  and 
C  A  represent  a  pair  of  compasses  with  the 
legs  standing  perpendicular  to  each  other,  and 

the  curved  lines  A 
Fig.  87.  B,  DE,  and  F  G, 

the  quarter  of  as 
many  circles  of  dif- 
ferent sizes,  it  is  evi- 
dent that  although 
each  of  these  difleis 
from  the  others  in 
size,  yet  that  each 
contains  the  same 
portion  of  a  circle, 
namely,  a  quadrant 
or  fourth  part ;  and  thus  it  would  be  from  the 
smallest  to  the  largest  quadrant  that  could  be 
formed — they  would  aU  contain  exactly  90 
degrees  each.  By  the  application  of  this 
principle,  the  comparative  measure  of  angles 
may  be  extended  to  an  indefinite  distance. 
By  means  of  an  instrument  constructed  in  the 
form  of  a  quadrant  of  a  circle,  with  its  curved 
edge  divided  into  90  equal  parts,  the  altitude 
of  any  object  in  the  heavons  can  at  any  time 
be  determined. 
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T1t«ra  ITS  luiona  eonMrnction*  of  thi*  in-  uiglea  to  the  Iclescopc  nheD  it  ii  plaod  at  0 
MniDMnl,  lome  of  them  extreinel}'  simple,  nad  Tho  quidmnl  ii  Krewcd  by  (ha  centre  of  iti 
Mhera  cotuiilBrtbtj  complei  and  eipenuve,  frame  ugainBt  B  piece  of  bnH,  e,  with  thm 
•ccardiiig  to  the  degree  of  acrnncy  which  (he  Knvrt,  and  thii  piece  is  srrewed  to  the  lcf> 
obaervitioni  nqnini.  The  following  ia  a  de-  of  (he  pillar  B  with  otler  three  acrem.  ^ 
■eriptioD  of  the  PUlar  Quadrant,  as  it  waa  meini  of  tha  first  three  acrewa  the  plane  of 
made  by  Mr.  Bird  for  the  Obaerralory  of  the  quadrant  can  be  placed  exactly  parallel  to 
Givenwich,  and  Kreial  Conlinentsl  oliaerra-  the  Tertical  axis,  and  by  tho  other  srreici  the 
loriea.  teleacupe  Hem  be  placed  exactly  perpcndicu- 

'I'hii  inatnimeDt  eoniiata  of  a  quadrant,   lar  to  it.    The  nut  ofthe  delicate  screw  L  a 
K  H  H  G  L  (fig.  SB,)  mounted  on  a  [uUar,   attached  (o  (ho  end  of  ihe  telescope  Fby  a 
univerul  joint     The  eoHar  br  the  other  etid 
"v  °^  ia  jointed  in  the  lame  manoei  to  ■  damp, 

wluch  can  be  fastened  (o  amy  part  of  the  limk 
A  dmilar  clamp^crew  and  alow  motion  ii 
seen  al  n  for  the  lower  circle,  which  if  io- 
lended  to  hold  the  drde  last  and  adjust  its 
motion.  The  diTiaiona  of  the  lower,  or  hori- 
zontal circle,  are  read  by  verniers,  or  noniuses, 
Sied  to  the  aims  of  (be  tripod  at  /  and  m  ,< 
and,  in  some  caaea,  Ihtee  are  used  to  obtain 
greater  accuracy. 

In  using  this  quadrant,  the  aiia  of  tbe  tele- 
scope H  is  adjusted  to  a  horizontal  liue,  and 
the  plane  of  the  quadrant  lo  a  vertical  line, 
by  the  means  already  elated.  The  screw  of 
the  clamp  L  is  then  loowoed,  and  the  tck- 
■cope  directed  to  the  star  or  other  object 
whose  altitude  is  requireiL  The  chmp-acjcw 
being  fixed,  the  observer  looks  through  the 
teleicope,  and  with  the  nut  of  the  acrew  L  be 
bringa  (he  telescope  into  a  poution  where  the 
star  is  bisected  by  the  intersection  of  (he  wirvs 
b  the  field  of  (he  telescope.  The  divisioart 
are  (hen  to  be  read  otf  upon  the  Tcmier,  and 
the  altitude  of  the  star  wilt  be  obtained.  By 
means  ofthe  boriiontal  drclc  D,  all  angles  ia 
the  plane  of  the  horizon  may  be  accuratelf 
measured,  such  as  the  amplitude*  and  aiimD(lif 
ofthe  celestLBl  bodies. 

Quadrants  of  a  more  simple  conatructioD 
B,  which  is  supported  by  a  tripod,  A  A,  rest-  than  (be  above  may  be  occaaianally  used,  such 
ine  on  three  tbot-acrewa.  The  quadrant,  the  as  Guntet's,  Cole's.  Sutton's,  and  others;  but 
pillar,  and  the  borizontal  circle  all  revolve  none  of  these  is  fiimiiihed  with  telescopet  or 
round  a  vertical  axis.  A  telescope,  H.  ia  telescopic  nghts,  and  therefore  an  altitude 
placed  on  the  horizontal  radius,  and  ia  directed  cannot  be  obtained  by  them  with  the  same 
to  a  meridian  loarit  previously  made  on  some  degree  of  accuracy  as  with  that  which  has 
distant  object  for  pbicing  the  plane  of  the  in-    been  now  described. 

■trument  in  the  meridian,  and  also  for  setting  By  means  of  the  quadrant,  ut  only  the 
(he  zero,  or  beginning  ofthe  scale,  truly  hori-  attitudes  of  the  heavenly  bodies  may  be  de- 
tontal.  This  ia  sometimes  done  by  a  level  termined.  but  also  the  distances  of  objects  co 
instead  of  a  telescope,  and  sometimes  by  a  the  earth  by  obecrvationa  made  at  (wo  Oa- 
plumb-lino,  G,  suspended  from  near  the  centre,  (ionaj  the  altitude  of  fiiebatls  and  other  me- 
and  brought  to  bisect  a  fine  dot  made  on  the  teon  in  the  atmosphere  ;  the  height  of  a 
limh.  where  a  microscope  is  placed  to  Biamine  cloud,  by  observation  on  its  altitude  and  vB- 
the  iNacction.  'Hie  weight  or  plummet  at  the  locity;  and  numeroua  other  problems,  tlu 
qnd  of  the  plumb-line  is  suspended  in  the  solution  of  which  dcpeuda  upon  angular  me*- 
cirtctn  of  water  b,  which  keeps  it  from  being  auremenls.  A  Marai  Quadrant  is  the  nanK 
.agitated  by  Ihe  air.  A  similar  dot  is  made  given  to  this  instrument  when  it  is  fixed  upon 
for  the  upper  end  of  the  plumb-line  upon  a  a  wall  of  stone,  and  in  the  plane  ofthe  mefi- 
pioco  of  bras^  adjustable  by  a  screw,  rf,  in  dian,  audi  as  (he  qnadmnt  which  waa  mxui 
"    Bm"  ""*  '^^  ""^  "*  ^"^"^'^  "  "**"   "^  f  l»n>«e"d  in  the  Ohaervatoty  at  Gnwn- 
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wkli.  Allhoai[h  the  qoadraiit  wai  tbmwiiy 
DKicb  uud  ill  utronomical  obwrrationB,  jet 
it  ouy  be  proper  to  itatc  that  its  use  haa  now 
been  almoet  completely  aupenieded  by  the  re- 
Cent  inlraductian  of  Aiinmomical  Cirela,  of 
which  we  ahall  now  give  the  reader  a  very 
dioTl  d»eri|ilion,  chiefly  taken  from  Trough- 
Khi'b  nccoontofthBinitnimenl  ho  constructed, 
U  found  in  Sir  D.  Brewster's  Supplement  to 
Ferguson's  Astronomy. 

An  utronomical  circle  is  a  eompUle  circk 
■ubatituted  in  place  of  the  qnaJrnat,  and  dif- 
fers from  it  only  in  the  auperior  accuracy  with 
which  it  enables  the  astronomer  to  make  his 
obaervationi.  The  large  "crtkal  or  declins- 
tion  circle  C  C  (fig.  eS)  la  composed  of  two 
Fig.  89. 


eomfdete  cirdea,  strengthened  by  an  cdgo-bar 
on  Ibvii  inside,  and  firmly  united  at  their  ei- 
tremn  barders  by  a  number  of  short  braces  or 
bars,  which  stand  perpendicular  between  tbcm, 
and  which  keep  them  at  such  a  dtatanco  as  to 
admit  the  achromatic  telescope  T  t.  This 
duubic  circle  is  supported  by  IS  conical  bars, 
firmly  united,  along  with  the  telescope  to  a 
hwixoDlal  axis.    The  exterior  limb  of  each 


circle  ia  divided  into  degrees  and  pans  of  k 
degree,  and  the«e  diviaioos  are  divided  into 
seconds  by  means  of  the  micrometer  micro- 
BCOpca  m  m,  which  read  off  the  angle  on  op- 
posite sides  of  each  circle.  The  cross  wires 
in  each  Tnieioecope  may  bo  moTed  over  the 
limb  till  they  coincide  with  the  nearest  divi- 
sion of  the  limb,  by  meant  of  the  micrometer 
■crews  c  c,  and  the  space  moved  through  is 
ascertained  by  the  divisions  on  the  graduated 
head  above  c,  assisted  by  a  scale  witliin  the 
microscope.  The  micioacopes  are  aiqiported 
by  two  arms  proceeding  from  a  small  circia 
concentric  with  the  horizontal  axia,  and  £ied 
to  the  vertical  columns.  This  circle  is  the 
centre  upon  which  they  can  turn  round  nearly 
a  quadrant  for  the  purpose  of  employing  a 
*  new  portion  of  the  divisions  of  tlie  circle, 
when  it  is  reckoned  prudent  to  repeat  any 
delicate  Dbservationi  upon  any  part  of  tha 
limb.  At  A  is  represented  a  level  for  placing 
the  aiia  in  a  true  boriiontal  line,  and  at  A  ia 
filed  another  level  parallel  to  the  telcscop« 
for  bringing  the  lero  of  the  divisions  to  a  hori- 
lontal  position.  The  horixontal  axis  to  which 
the  vertical  circle  and  the  telescope  are  Gied 
ia  equal  in  length  to  the  distance  between  tha 
vertical  pillars,  and  its  pivots  are  supported 
by  semicircular  bearings  placed  at  the  top  of 
each  pillar.  These  two  vertical  pillars  ai» 
firmly  nnited  at  their  baaes  to  a  cmsabar.TI 
To  this  crossbar  is  also  fixed  a  vertical  axi* 
about  three  feet  long,  the  lower  end  of  which, 
terminating  b  an  obtuae  point,  resta  in  a  brass 
conical  socket  firmly  bstened  at  the  bottoo) 
of  the  hollow  in  the  stone  pedestal  D,  which 
receives  the  vertical  axis.  This  socket  sup- 
ports the  wbole  weight  of  (he  movable  part 
of  the  mslrument.  The  upper  part  of  the 
vertical  aits  is  supported  by  two  pieces  of 
brass,  one  of  which  is  seen  at  t.  screwed  to 
the  ring  i,  and  containing  a  right  angle,  or  Y. 
At  each  side  of  the  ring,  opposite  to  the  points 
of  contact,  is  placed  a  tube  containing  a  heliacal 
spring,  which,  by  a  constant  pressure  on  the 
axis,  beeps  it  against  its  bearings,  and  permit* 
it  to  turn,  in  these  four  pdnts  of  contact,  with 
an  easy  and  steady  motion.  The  two  bearing* 
are  fixed  upon  two  rings  capable  of  a  lateral 
adjustment;  the  lower  one  by  the  screw  d  to 
incline  the  axis  to  the  east  or  west,  while  the 
■crew  b  gives  the  upper  one,  i,  a  motion  in 
the  plane  of  the  meridian.  By  this  meana 
'  the  axis  may  be  adjusted  to  a  perpendicular 
■  position  as  exactly  as  by  the  usual  method  of 
r  the  tripod  with  foot^erew*.  These  rings  are 
I  attached  to  the  centro-piece  t,  which  is  finoly 
connected  with  the  upper  surisec  of  (he  stonn 
by  six  conical  tubes  A,  A,  A,  Ac,  and  braaa 
standards  at  every  angle  of  the  pedestal  B>- 
low  this  frame  lies  the  azimuth  circle,  E  E, 
consisting  of  a  drcutai  limb,  atrengthened  bj 
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ton  hoUow  cooes  firmly  united  with  the  ver^  sure,  at  the  same  time,  its  superior  aecani^ 

tiral  axis,  and  consequently  turning  freely  and  convenience  in  use ;  and  his  instruments 

along  with  it    The  azimuth  circle,  E  E,\b  have  been  introduced  into  numerous  obsenra- 

(liyided  and  read  off  in  the  same  manner  as  tories.  Circular  instruments,  on  a  large  scale, 

the  vertical  circle.     The  arms  of  the  micro-  have  been  placed  in  the  Royal  Observatory  of 

scopes,  B  Bt  project  from  the  ring  t,  and  the  Greenwich,  and  in  most  of  the  principal  ob- 

microscopes    themselves    are    adjustable  by  servatories  on  the  Continent  of  Europe.    Al- 

screws,  to  bring  them  to  zero  and  to  the  di-  though  it  is  agreed  on  all  hands  that  greater 

ameter  of  the  circle.    A  little  above  the  ring  accuracy  may  be  obtained  by  a  repeating 

t  is  fixed  an  arm,  L,  which  embraces  and  circle  than  by  any  other  having  the  same  ra* 

IiDlds  &st  the  vertical  axis  with  the  aid  of  a  dius,  yet  there  are  some  objections  to  its  use 

clamp-screw.    The  arm  L  is  connected  at  the  which  do  not  apply  to  the  altitude  and  azimuth 

extremity  with  one  of  the  arms  A,  by  means  circle.    The  following  are  the  principal  objec- 

of  the  screw  a,  so  that  by  turning  this  screw  tions,  as  stated  in  vol.  i.  of  the  "  Memoiis  of 

a  slow  motion  is  communicated  to  the  vertical  the  Astronomical  Society  of   London :"    1. 

axis  and  the  azimuth  circle.  The  origin  of  the  repeating  circle  is  due  to 

In  order  to  place  the  instrument  in  a  true  bad  dividing  which  oug^t  not  to  be  tolerated 
vertical  position,  a  plumb-Itne,  made  of  fine  in  any  instrument  in  the  present  state  of  the 
silver  wire,  is  suspended  from  a  small  hook  at  art  2.  There  are  three  sources  of  fixed 
the  top  of  the  vertical  tube  n,  connected  by  error  which  cannot  be  exterminated,  as  they 
braces  with  one  of  the  large  pillars.  The  depend  more  on  the  materiak  than  on  the 
plumb-line  passes  through  an  angle  in  which  wormanship ;  first,  the  zero  of  the  level 
it  rests,  and  by  means  of  a  screw  may  be  changes  with  variations  of  temperature ;  se- 
brougbt  into  the  axis  of  the  tube.  The  plum-  condly,  the  resistance  of  the  centre  woik  to 
met  at  the  lower  end  of  the  line  is  immersed  the  action  of  the  tangent  screws ;  and.  thirdly, 
in  a  cistern  of  water,  /,  in  order  to  check  its  the  imperfection  of  the  screws  in  producing 
oscillations,  and  is  supported  on  a  shelf  pro-  motion  and  in  securing  permanent  poaitiona, 
oeeding  from  one  of  the  pillars.  At  the  lower  3.  The  instrument  is  applied  wiUi  most  ad- 
end  of  the  tube  n  are  fixed  two  microscopes,  vantage  to  slowly  moving  or  circumpolar 
o  and  o,  at  right  angles  to  one  another,  and  stars ;  but  in  low  altitudes  these  btars  are  seen 
opposite  to  each  is  placed  a  small  tube  con-  near  the  horizon,  where  refraction  interferes, 
taining  a  lucid  point  The  plumb-line  is  then  4.  Much  time  and  labour  are  expended,  finr 
brought  into  such  a  position  by  the  screws  d  in  making  the  obecrvationa,  and  again  in  re- 
bf  and  by  altering  the  suspension  of  the  ducing  them.  6.  Whed  any  one  step  in  a 
plumb-line  itself,  that  the  image  of  the  lu-  series  of  observations  is  bad,  the  whole  time 
minous  point,  like  the  disk  of  a  planet  is  and  labour  are  absolutely  lost  6.  When  the 
formed  on  the  plumb-line,  and  kccurately  instrument  has  a  telescope  of  small  power, 
bisected  by  it  The  vertical  axis  is  then  the  observations  are  charged  with  errors  of 
turned  round,  and  the  plumb-line  examined  vision  which  the  repeating  circle  will  not  cure, 
in  some  other  position.  If  it  still  bisects  the  7.  This  instrument  cannot  be  used  as  a  tran- 
luminous  point,  the  instrument  is  truly  verti-  sit  instrument,  nor  for  finding  the  exact  me- 
cal ;  but  if  it  does  not,  one  half  of  the  devia-  ridian  of  a  place. 

tion  must  be  corrected  by  the  screws  d  6,  and  A  great  variety  of  directions  is  necessary 

the  other  half  by  alterin?  the  suspension  ol:  in  order  to  enable  the  student  of  practical  as- 

the  line  till  the    bisection  of   the  circular  tronomy  thoroughly  to  understand    and  to 

image  is  perfect  in  every  position  of  the  in-  apply  this  instrument  to  practice,  which  the 

etrument  limited  nature  of  the  present  work  prevents 

It  b  not  many  years  since  circular  repeat-  us  from  detailing.  As.  this  instrument  con- 
ing instruments  came  into  general  use.  The  sists  of  a  variety  of  complicated  pieces  of  ma- 
principle  on  which  the  construction  of  a  re-  chinery,  it  is  necessarily  somewhat  expenave. 
peating  circle  is  founded  appears  to  have  been  A  six-inch  brass  astronomical  circle  for  alti- 
first  suggested  by  Professor  Mayer,  of  Gottin-  tudes,  zenith  or  polar  distances,  azimuths, 
gen,  in  1758 ;  but  the  first  person  who  ap-  with  achromatic  telescopes,  dec,  is  marked  in 
pfied  this  principle  to  measure  round  the  limb  Messrs.  W.  and  S.  Jones's  catalogue  of  astro- 
of  a  divided  instrument  was  Borda,  who  about  nomical  instruments  at  £27  6«.  A  circle  12 
the  year  1789,  caused  a  repeating  circle  to  be  inches  in  diameter,  from  £36  1 5s.  to  £68  5e. 
constructed  that  would  measure  with  equal  An  18  inch  ditto,  of  the  best  constructioo, 
fiicility  horizontal  and  vertical  angles.  After-  £105.  The  larger  astronomical  circles  Ibr 
ward  Mr.  Troughton  greatly  improved  the  public  observatories,  frx>m  100  to  1000  guiDBM 
construction  of  Borda's  instrument  by  the  in-  and  upward,  according  to  their  aizo,  and  die 
ooduction  of  several  contrivances,  which  in-  peculiarity  of  their  construction. 
(892) 
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A  trsniil  initnmwnt  u  intended  for  ob- 
•arring  celeitid  objects  at  Ihej  pan  tcron 
the  meridian.  It  cooati  of  a  leleacope  filed 
■t  ri^bt  migiei  to  n  horiiontil  sta,  which 
Uu  must  bo  (0  anpparted  that  what  ia  called 
the  line  of  eolUmation,  or  the  line  of  aigbt  of 
the  teleKope.  may  move  in  the  plane  of  the 
meridian.  Thii  inatrDment  waa  Gnt  inrenled 
by  Roiaer  in  the  jear  I6SS,  but  has  noct  n- 
ceiTed  gieat  improrement*  by  Troughton, 
Jaitea,  and  other  modem  arliits.  Tranail  in- 
atnuneala  may  be  divided  into  two  daaiei, 
Porlaile  and  Fixed.  The  portable  ioaliu- 
ment,  when  placed  iraly  in  Ihe  meridian,  and 
well  adjiuled,  may  be  aLdTanlageongly  oaed  aa 
a  ilalionary  imtniinentinsn  obaerratory,  if  ita 
dimenaiona  bo  auch  aa  to  admit  of  a  teleacope 
of  SJ  Ibet  focal  length ;  but  when  the  main 
labo  is  only  from  SO  to  30  incbea  long,  with 
a  proportional  apertme.  it  is  more  luiled  for  k 
travelling  inatrument  to  give  tbe  eiact  tinte ; 

and,  when  canicd  on  board  a  ship  in  a  voyage  * 

of  diacovery,  may  be  taken  on  shore  at  any 
convenient  place  for  determining  the  aoliu' 
lime  of  that  place,  and  for  correcting  the  dally 
rate  of  tbe  chronomoter,  giving  the  time  at 
the  first  meridian,  ao  that  tbe  longitude  of  the 

place  of  obscrvatiOD  may  be  obtained  from  veiriiera  will  always  read  off  the  inclination 
the  difierence  of  the  observed  and  indicaCnl  of  the  telescope,  uid  will  enable  the  obserrei 
times,  after  the  proper  corrections  have  been  to  point  It  to  any  star  by  means  of  ila  men- 
made,  dian  altilode.    The  whole  iaalrument  reata  on 

The  following  u  a  brief  deseription  of  one  three  foot-screwa  entered  into  the  circle  A  A. 
of  Mr.  Troughlon's  portable  Irannt  instni-  In  the  field  of  ^w  of  the  telescope  there  are 
menu.  In  fis;.  90,  P  P  u  an  achrDraatic  tela-  several  parallel  vertical  wires,  croHed  at  right 
scope  firmly  fiied  by  tbe  middle  to  a  double  angles  nith  a  horizontal  one,  and  Ihe  tele- 
Conical  and  horizonte]  axis  H  H,  the  pivots  scope  is  somelimea  rumished  with  a  diagonal 
of  which  rest  on  angular  bearings  called  Y'l,  eyepiece  for  obaerving  stars  near  the  lenilh. 
at  the  lop  of  the  standards  B  B,  rendered  A  level  likewise  generally  accompanies  the 
steady  by  oblique  braces  D  D,  fastened  lo  the  instrument,  in  order  tu  place  it  horiiontal  by 
central  part  of  Ihe  drcle  A  A.  In  large  fixed  being  applied  to  Ihe  pivots  of  the  siia. 
■instruments,  the  pivots  and  angular  bearings  In  order  lo  fix  the  Irandt  instrument  ei- 
are  sapported  on  two  massive  stone  pillars,  actly  in  the  meridian,  s  good  clock  regulated 
sunk  several  feet  into  the  ground,  and  tit  lo  sidereal  time  ia  necessary.  This  ragulstioo 
sometimes  supported  by  mason-work,  lo  s»-  may  he  effected  by  taking  equal  altitudes  of 
cure  perfect  stability.  The  aiii  H  M  bos  two  tbe  sun  or  a  star  before  and  after  they  poos 
adjustments,  one  for  making  it  exactly  level,  tbe  meridian,  which  may  be  done  by  siaall 
and  Ihe  other  far  placing  Ihe  lelncope  in  Ihs  quadrants  or  by  a  good  aeitant.  The  axis 
meridian.  A  graduated  circle,  L,  ia  fixed  to  /f  of  the  instruntenl  is  then  lo  be  placed  bori- 
Ihe  extremity  of  ihe  pivot,  which  extends  be-  lontal  by  a  spirit  level,  which  accompanies 
yor.1  one  of  the  Y't  and  Ifae  two  rsdii  that  the  trsnnt,  and  the  greatest  care  most  be  taken 
carry  Ihe  verniers,  a  a,  are  filled  to  the  ex-  that  the  axis  of  vision  describes  in  theheavetil 
tremiticB  of  the  pivot  in  such  a  way  as  to  turn  a  great  circle  of  the  sphere.  To  ascertain 
round  independent  of  the  axis.  The  double  whether  the  telescope  bo  in  Ihe  plane  of  Ihe 
verniers  have  a  small  level  attached  lo  them,  meridian,  observe  by  ths  clock  when  a  cir- 
■nd  a  third  arm,  b,  which  is  connected  with  cumpolor  staT  seen  through  Ihe  telescope  Iran- 
tbe  standard  B  by  means  of  a  screw,  t.  If  sits  both  above  and  below  lbs  pole,  and  if  tlie 
the  verniers  are  placed,  by  meansoftbe  iorel,  times  of  descrilnng  the  eastern  iu:d  western 
in  a  true  horizontal  position,  when  the  axis  of  parts  of  its  circuit  be  equal,  the  telescope  i* 
tba  leleaeope  is  boiizontal,  and  ihe  arm  h  Iben  in  the  plane  of  tho  meridian;  otherwise, 
•cnwed  by  the  screw  s  lo  the  standaid  B,  the   cortaio  adjustments  must  be  made.    Whan 
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the  telefloope  is  at  length  perfectly  adjusted,  a  motion ;  the  colUmatimi  in  td^iude,  to  tfiat 
landmark  must  be  fix^  upon  at  a  considerable  the  horizontal  line  should  cross  the  parallel 
distance,  tlie  greater  the  better.  This  mark  vertical  lines,  not  only  at  right  angles,  but  also 
must  be  in  the  horizontal  direction  of  the  in-  in  the  optical  centre  of  the  6eld  df  view,  with 
tersection  of  the  cross  wires,  and  in  a  place  various  other  particulars,  but  of  which  onr 
where  it  can  be  illuminated,  if  possible,  in  the  limited  space  will  not  permit  us  to  enter  into 
nighttime,  by  a  lantern,  hanging  near  it;  details.  Those  who  wish  to  enter  into  all  the 
which  mark  being  on  a  fixed  object,  will  serve  minute  details  in  reference  to  the  constnictiao 
at  aU  times  afterward  for  examining  the  posi-  and  practical  application  of  this  and  the  other 
tion  of  the  telescope.  instruments  above  described,  as  well  as  all  the 
YariouB  observations  and  adjustments  are  other  instruments  used  by  the  practical  astro- 
requisite  in  order  to  fixing  a  transit  instra-  nomer,  will  find  ample  satis&ction  in  perusing 
ment  exactly  in  the  plane  of  the  meridian,  the  Rev.  Dr.  Pearson's  Introduction  to  Prac- 
There  is  the  adjustment  of  the  level;  the  tical  Astronomy,  4to,  voL  iL 
horizontal  adjustment  of  the  axis  of  the  tele-  A  portable  transit  instrument,  with  a  caat- 
scope ;  the  placing  of  the  parallel  lines  in  the  iron  stand,  the  axis  12  inches  in  length,  and 
focus  of  the  eyeglass,  so  as  to  be  truly  verti-  the  achromatic  telescope  about  2^  inches, 
cal,  and  to  determine  the  equatorial  value  of  packed  in  a  case,  sells  at  about  16  guineas; 
their  intervals ;  the  collimation  in  azimuthy  with  a  bra8»*fi%med  stand  and  other  additiom^ 
so  that  a  line  pasnng  from  the  middle  vertical  at  about  20  guineas.  Transit  instruments  of 
line  to  the  optical  centre  of  the  object-glass  is  larger  dimensions  are  higher  in  proportion  to 
at  right  angles  with  the  axis  of  the  telescope's  their  size,  dec. 


CHAPTER  IIL 

On  Observatories. 

Ik  order  to  make  observations  with  conve-  generally  used  for  making  observations  on  the 
nience  and  effect  on  the  heavenly  bodies,  it  is  right  ascensions  and  declinations  of  the  stars, 
expedient  that  an  ohaervatory,  at  place  for  It  should  be  fixed  at  such  a  distance  that  the 
making  the  requisite  observations,  be  erected  mark  may  be  distinctly  seen  without  altering 
in  a  proper  situation.  The  following  are  the  focus  of  the  telescope  when  adjusted  to 
some  of  the  leading  features  of  spot  adapted  the  sun  or  stars,  which,  in  most  cases,  will 
for  making  celestbl  observations :  1.  It  should  require  to  be  at  least  half  a  mile  fh>m  the  place 
command  an  extensive  visible  horizon  all  of  observation,  and  more  if  it  can  be  obtained, 
around,  particularly  towards  the  south  and  the  Observatories  may  be  distinguished  into 
north.  2.  It  should  be  a  little  elevated  above  public  and  private.  A  private  observatory 
surrounding  objects.  3.  It  should  be,  if  possi-  may  be  comprehended  m  a  comparatively 
ble,  at  a  considerable  distance  from  manufao-  small  building,  or  in  the  wing  of  a  buildix^ 
tories,  and  other  objects  which  emit  much  of  ordinary  dimensions  for  a  family,  pro- 
smoke  or  vapour,  and  even  from  chimney-tops  vided  the  situation  is  adapted  to  it  Most  of 
where  no  sensible  smoke  is  emitted,  as  the  our  densely-peopled  towns  and  cities,  which 
heated  air  from  the  top  of  funnels  causes  undu-  abound  in  narrow  streets  and  lanes,  are  gene- 
rations in  the  atmosphere.  4.  It  should  be  at  rally  unfit  for  good  observatories,  unless  at  an 
a  distance  from  swampy  ground  or  valleys  elevated  position  at  their  extremities.  Public 
that  are  liable  to  be  covered  with  fogs  and  observatories,  where  a  great  variety  of  instra- 
exhalations.  5.  It  should  not,  if  possible,  be  meats  is  used,  and  where  difierent  observers 
too  near  public  roads,  particularly  if  paved  are  employed,  require  buildings  of  larger  di- 
with  stones,  and  frequented  by  heavy  car-  mensions,  divided  into  a  considerable  number 
riages,  as  in  such  situations  undulations  and  of  apartments.  The  Observatory  of  Greenr 
tremulous  motions  may  be  produced  injurious  wich  is  composed  principally  of  two  separate 
to  the  making  of  accurate  observations  with  buildings,  one  of  which  is  the  observatory 
graduated  instruments.  6.  It  is  expedient  properly  so  called,  where  the  assistant  lives 
that  the  astronomical  observer  should  have  and  makes  all  his  observations ;  the  other  is 
access  to  some  distant  field  within  a  mile  of  the  dwelling-house  in  'which  the  astronomer 
the  observatory,  on  which  a  meridian  mark  royal  resides.  The  former  consists  of  three 
may  be  fixed  after  his  graduated  instruments  rooms  on  the  ground-floor,  the  middle  of 
are  properly  adjusted.  The  distance  at  which  which  is  die  assistant's  sitting  and  calculating 
a  meridian  mark  should  be  erected  will  depend  room,  furnished  with  a  small  library  of  sadtt 
In  part  on  the  focal  length  of  the  telescope  books  only  as  are  necessary  fyt  his  compote- 
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tions,  and  an  accurate  clock  made  by  the  cele-  introduced  into  this  obaervatoiy,  aach  as  the 

hrated  Graham,  which  once  served  Dr.  Halley  large  and  splendid  transit  instrument  con- 

as  a  transit  clock.    Immediately  over  this  is  structed  by  Troughton  in  1816|  the  two  large 

the  assuBtanfs  bedroom,  with  an  alarum  to  mural  circles  by  Troughton  und  Jones,  the 

awake  him  to  make  his  observations  at  the  transit  dock  by  Mr.  Hardy,  and  several  other 

proper  time.    The  room  on  the  eastern  side  instruments  and  apparatus  which  it  would  be 

of  this  is  called  the  /rorutV-room,  in  which  is  too  tedious  to  enumerate  and  describe, 

an  eight-feet  transit  instrument,  with  an  axis  Every  observatory,  whether  public  or  pri- 

of  three  feet,  resting  on  two  pieces  of  stone,  vate,  should  be  fiinusbed  with  the  following 

ma<le  by  Mr.  Bird,  bi'it  successively  improved  instruments :   1.  A  transit  instrument  for  ob- 

by  Messrs.  Dollond,  Troughton,  and  others,  serving  the  meridian  passage  of  the  sun,  pla- 

Here  is  also  a  chair  to  observe  with,  the  back  nets,   and  stars.    2.   A  good  clock,  whose 

of  which  lets  down  to  any  degree  of  elevation  accuracy  may  be  depended  upon.     3.   An 

that  convenience  may  require.     On  the  west-  achromatic  telescope  of  at  least  44  inches 

em  side  is  the  qtutdrant-roomy  with  a  stone  focal  distance,  with  powers  of  from  45  to  180, 

pier  in  the  middle  running  north  and  south,  for  viewing  planetaiy  and  other  phenomena ;' 

having  on  its  eastern  face  a  mural  quadrant  or  a  good  reflecting  telescope  at  least  three 

of  eight  i9et  radius,  by  which  observations  are  feet  long,  and  the  speculum  five  inches  in 

made  on  the  southern  quarter  of  the  meridian,  diameter.    4.   An  equatorial  instrument,  for 

through  an  opening  in  the  roof  of  three  feet  viewing  the  stara  and  planets  in  the  daytime, 

wide,  produced  by  means  of  two  sliding  shut*  and  for  finding  the  right  ascension  and  decli- 

tera.    On  the  western  face  is  another  mural  nation  of  a  comet,  or  any  other  celestial  pheno- 

quadrant  of  eight  feet  radius,  the  frame  of  menon.    Where  this  instrument  is  possessed, 

which  is  of  iron  and  the  arch  of  brass,  which  and  in  cases  where  no  great  degree  of  accu* 

is  occasionally  applied  to  the  north  quarter  of  racy  is  required,  the  equatorial  may  be  made 

the  meridian.  In  the  same  room  is  the  famous  to  serve  the  general  purposes  of  a  transit  in- 

zenith  sector,  twelve  feet  long,  with  which  strument 

Dr.  Bradley  made  the  observations  which  led  A  private  observatory  might  be  constructed 

to  the  discovery  of  the  nutation  of  the  earth's  in  any  house  which  has  a  commanding  view 

axis  and  the  aberration  of  the  light  of  the  of  the  heavens,  provided  there  is  an  aparU 

fixed  stars.    Here  are  also  Dr.  Hooke's  re-  ment  in  it  in  which  windows  may  be  placed, 

fleeting  quadrant,  and  three  time-keepera  by  or  openings  cut  out  fronting  the  north,  the 

Harrison.     On  the  south  side  of  this  room  a  south,  the  east,  and  the  west.     The  author 

small  wooden  building  is  erected  for  the  pur-  of  this  work  has  a  small  observatory  erected 

pose  ofobserving  the  eclipses  of  Jupiter's  satel-  on  the  top  of  his  house,  which  commands  a 

lites,  occultations  of  stara  by  the  moon,  and  view  o(  20  mOes  towards  the  east,  30  miles 

other  phenomena  which  require  merely  the  towards  the  west  and  north-west,  and  about 

use  of  a  telescope,  and  the  true  or  mean  time.  20  miles  towards  the  south,  at  an  elevation 

It  is  furnished  with  sliding  shuttera  on  the  of  more  than  200  feet  above  the  level  of  the 

roof  and  sides  to  view  any  part  of  the  hemi-  sea  and  the  banks  of  the  Tay,  which  ara 

sphere  from  the  prime  vertical  down  to  the  about  half  a  mile  distant    The  apartment  is 

southern  horizon.     It  contains  a  forty-inch  12^  feet  long  by  8}  wide,  and  8^  feet  be- 

achromatic  with  a  triple  object-glass,  and  also  tween  the  floor  and  the  roofl  It  has  an  open- 

a  five-feet  achromatic  by  Messrs.  John  and  ing  on  the  north,  by  which  observations  can 

Peter  Dollond,  a  two-feet  reflecting  telescope  be  made  on  the  pole  star;  a  window  on  the 

by  Edwards,  and  a  six-feet  reflector  by  Her-  south,  by  which  the  meridian  passages  of  the 

schel.    Above  the  dwelling-house  is  a  large  heavenly  bodies  may  be  observed;  another 

octagonal  room,  which  *is  made  the  repository  opening  towards  the  east,  and  a  fourth  open- 

for  certain  old  instruments,  and  for  those  ing,  consisting  of  a  door,  towards  the  west, 

which  are  too  large  to  be  used  in  the  other  There  is  a  pavement  of  lead  on  the  outside, 

apartments.    Among  many  other  instruments,  all  around  the  observatory-room,  inclosed  by 

it  contains  an  excellent  ten-feet  achromatic  a  stone  parapet  3^  feet  high,  the  upper  part 

by  Dollond,  and  a  six-feet  reflector  by  Short  of  which  is  coped  with  broad  flat  stones,  in 

Upon  a  platform,  in  an  open  space,  is  erected  certain  parts  of  which  grooves  or  indentations 

the  great  reflecting  telescope  constructed  by  are  made  for  receiving  the  feet  of  the  pedestal 

Mr.  Ramage  of  Aberdeen,  on  the  Herschelian  of   an  achromatic   telescope,  which  form  a 

principle,  which  has  a  speculum  of  15  inches  steady  support  for  the  telescope  in  the  open 

diameter  and  26  feet  focal  length,  remarkable  air,  when  the  weather  is  calm  and  serene,  and 

for  the  great  accuracy  and  brilliancy  with  when  observations  are  intended  to  be  made 

which  it  exhibits  celestial  objects.    Various  on  any  region  of  the  heavens.    By  placing 

other  instruments  of  a  large  size  and  of  mo>  an  instrument  on  this  parapet,  it  may  be  di 

dem  oonstmction  have  of  late  yeare  been  rected  to  any  point  of  the  celestial  cani8|iy 
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extwpt   a  (rnnll   portion    nCD   the   noTthcm  lenlj  boi];  acrow  all    the   nrdiiMl    pinnla. 

horiion,  whieh  is  partly  intercepted  by  ■  cmill  Tha  openings  niBj  be  •bont  15  incha  wide, 

hill.     In  the  Mowing  ground  plan,  Gg.  Bl,  *nd  (he  roof  need  not  be  lerger  than  what  u 

A  A  A  is  the  panpet  ■ummnding  the  ab-  requiaite  for  gixing  room  to  the  otaerrer  and 

■ervBtoiy  loom;   B  S  U,  ■  walk  around  it  Iheinalnimcnl,  lestit*  buIV  andweightdiouid 

nearly  three  feet  broad,  ctwered  with  lead.   O  impede  its  ea^  motion.     There  have  been 

ia  the  apartment  fbi  Iho  olwerratory,  having  variaui  plaiA  adopted  for  revolving  domeL 

an  opening,  C,  to  the  north;  another  opening,  Fig.  03  repretent^  a  section  of  the  rolatorj 

i),  to  the  east,  £  is  a  window  which  front*  dome  comtiucted  at  Eaet  Sheen  by  the  Rci. 

^g.  91.  Fig.  ea. 


^--= — jjr~A  ^'  P'*'*°ii-  Thia  dome  tnnw  nund  oa 
A  oOaal  JV.  three  detached  q>heree  of  lignum  Tit»,  ia  a 
the  eoulh,  aiMl  f  is  a  door  frontiiig  the  west,  drcular  bed,  fanned  partly  by  the  dome,  and 
by  which  an  accsai  is  obtainei]  to  the  open  partly  by  the  cylindrical  Inmewoik  which 
ana  on  the  outside.  G  H  I  \a  an  area  on  surrounds  the  circular  room  of  nine  feet  d>- 
the  outnde  towards  the  south,  corered  with  ameter.  A  section  of  this  bed  forma  •  aquare 
lead,  15  feet  long  (hjmC  to  if,  and  6^  teet  from  whirh  the  sphere  just  fills,  so  aa  to  have  a 
E  to  /,  from  which  a  commanding  view  of  Ihe  amall  play  to  allow  for  shrinlcjt^;  and.  wbea 
Boiithcm,  eaatem,  and  western  portion!  of  the  this  dome  is  carried  round,  Che  qiberea,  hsT- 
hcevens  maybe  obtained:  e  e  e  care  positions  ing  cjactlj  eqi;al  diameters  of  4^  inches  each, 
on  the  top  ofthe  parapet  where  a  telescope  may  when  placed  at  equal  distances  from  one  aa- 
be  conveniently  placed,  when  observations  are  other,  keep  their  relative  places,  and  mim 
intended  lo  be  made  in  the  open  air.  The  together  in  a  beautifully  smooth  manner, 
top  of  this  parapet  is  elevated  about  30  feel  These  spheres  act  as  fiictioa  rollers  in  two 
from  the  level  d*the  ground.  On  the  roof  of  directions  at  (be  (bar  pointa  of  contact,  in 
(he  obnrvalory,  about  12  feet  above  its  floor,  case  sjiy  obstacle  is  opposed  to  their  piogrei- 
on  the  outside,  is  a  platform  of  lead,  sur-  sive  motion  by  (he  admission  of  dirt,  or  ky 
rounded  by  a  railing  six  feet  by  five,  with  a  any  change  of  figure  of  the  wood  that  corn- 
seat,  on  which  observations  either  on  celestial  poses  the  rings  of  the  dome  and  of  (be  gaog' 
orterrestrialobjectsmayoccaBionallyhoniade.  way.  No  groove  is  here  made  bat  what  the 
K  is  a  door  or  hatchway,  which  forms  an  en-  weight  of  the  roof  resting  on  the  hard  tfAim 
tranca  into  the  observaloiy  from  the  apart-  occasions.  The  dome  itself  moves  twice 
menti  below,  which  folds  down,  and  forma  a  round  Ibr  the  ball*  once,  and  has,  in  this  way, 
portitm  of  the  floor.  its  friction  diminished.  The  wood  oT  this 
In  public  obserrations,  where  zenith  or  dome  is  covered  by  Wyatt'a  patent  copper, 
polar  distances  require  to  be  mcasmed,  it  ia  one  square  foot  of  whiih  weighs  upward  of  a 
necessary  that  there  should  be  a  dome,  with  pound ;  and  the  copper  js  so  tnmed  over  the 
an  opening  across  the  roof,  and  down  the  nails  that  fix  it  at  the  parts  of  Junctirai  that 
north  and  south  walls.  Should  an  altitude  not  a  single  nail  is  seen  in  Qk  whole  dome, 
or  azimuth  circle,  ot  an  equatorial  instrument  Thia  covering  Is  intended  to  render  the  dooM 
be  used,  they  will  require  a  revolving  roof  more  permanent  than  if  it  had  been  made  of 
with  openings  and  doora  on  two  opposite  wood  alone.  At  the  obsenatory  at  Ca^^ 
"o^^mMa  an  obHtver  to  follow  a  bea<  bridge  the  dome  is  made  chiefly  of  iron.    1b 
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Ifafi  figuTe,  a  a  lepreiento  one  of  the  two  ob-  two  hfUvefl,  the  upper  one  being  opened  fin^ 

kmg  doora  that  meet  at  the  apex  of  the  cone,  on  account  of  its  covering  the  end  of  the 

and  a  piece  of  sheet-copper,  hent  over  the  other;  and  the  observer  may  open  one  or  two 

upper  end  of  the  door  which  shuts  test,  keeps  doors,  as  may  best  snit  his  purpose.    The 

the  rain  from  entering  at  the  place  of  junction,  weight  of  this  dome  is  such  that  a  couple  of 

The  two  halves  of  the  dome  are  united  by  wedges,  inserted  by  a  gentle  blow  between 

brass  rods  passing  through  th^  door^sheeks  the  rings  6  i  and  e  c,  wiU  keep  it  in  its  situa- 

of  wainscot  at  a  and  a  by  means  of  nats  that  tion  under  the   influence  of  the  strongest 

screw  upon  their  ends,  which  union  allows  wind. 

the  dome  to  be  separated  into  two  parts  when  It  may  not  be  improper  to  remark,  that  in 

there  maybe  occasion  to  displace  it.    The  all  observatories,  and  in  every  apartment  where 

wooden  plate  b  b,  which  appears  in  a  straight  celestial  observations  are  made,  there  should, 

line,  is  a  circular  broad  ring,  to  which  the  if  possible,  be  a  uniform  temperature;  and, 

covering  wainscot  boards  are  made  fast  above  consequently,  a  fire  should  never  be  kept  in 

the  eaves,  and  e  c  is  a  similar  ring  forming  sudi  places,  particularly  when  observations 

tbewaO-plate  or  gangway  on  which  the  dome  are  intended  to  be  made,  as  it  would  cause 

rests  and  revolves.  currents  of  air  through  tlie  doora  and  other 

pf     Mtm  openings  which  would  be  injurious  to  die  ao- 

^*  curacy  of  observations.    When  a  window  is 

opened  in  an  ordinary  apartment  where  a  fire 

is  kept,  there  is  a  current  of  heated  air  which 

^^^^^^  mahes  out  at  the  top,  and  a  current  of  oold 

&^       Hi,  J  'III  I  "III  ""'^^—  air  which  rushes  in  from  below,  producing 

agitations  and    undulations  which   prevent 

Fig.  92*  shows  a  small  door  that  lies  over  even  a  good  telescope  from  showing  celestial 

the  summit  of  the  dome,  and  may  be  sepa^  objects  distinct  and  well  defined ;  and  I  have 

rately  opened  for  zenith  observations ;  the  rod  no  doubt  that  many  young  observen  have 

of  metal,  with  a  ring  at  the  lower  end  passing  been  disappointed  in  their  views  of  celestial 

through  it,  serves  to  open  and  shut  this  door,  phenomena  from   this   drcumstance,  when 

and  at  the  same  time  carries  upon  its  upper  viewing  the  heavenly  bodies   from   heated 

end  a  large  ball,  which  falls  back  on  the  roof  rooms  in  cold  winter  evenings,  as  the  aerial 

when  the  door  is  open,  and  keeps  the  door  in  undulations  before  the  telescbpe  prevent  dis- 

a  situation  to  be  acted  upon  by  the  hook  of  a  tincc  vision  of  such  objects  as  the  belts  of 

handle  that  is  used  for  this  purpose.    The  Jupiter,  the  spots  of  M^irs,  and  the  rings  of 

doora  a  a,  beiQg  curved,  are  oMde  to  open  in  Saturn. 


H^»»i» 


CHAPTER  IV. 

On  Orrerie$  or  Planekmunu* 


Air  orrery  is  a  machine  for  representing  Mr.  Graham's  machine,  thinking  to  do  justioe 

.the  order,  the  motions,  the  phases,  and  other  to  the  fint  enoourager,  as  well  as  to  tne  in- 

phenomena  of  the  planets.    Although  orre-  ventor  of  such  a  curious  instrument,  called  it 

ries  and  planetariums  are  not  so  much  in  use  an  Orrery,  and  gave  Mr.  Rowley  the  praise 

as  they  were  half  a  century  ago,  yet,  as  they  due  to  Mr.  Graham^    The  oonstructien  of 

tend  to  assist  the  conceptions  of  the  astrono-  such  machines  is  not  a  modem  invenlioo. 

mical  tyro  in  regard  to  the  motions,  order.  The  hollow  sphere  of  Archimedes  was  a  pieee 

and  positimis  of  the  bodies  which  compose  of  mechanism  of  this  kind,  having  been  in* 

the  solar  system,  it  may  not  be  inexpedient  tended  to  exhibit  the  motions  o(  the  son,  the 

shortly  to  describe  the  principles  and  construe^  moon,  and  the  five  planets  according  to  the 

tion  of  some  of  these  mschines.  Ptolemaic  system.    The  next  orrery  of  which 

The  reason  why  the  name  Orrtry  was  at  we  have  any  account  was  that  of  Posidonius^ 

first  given  to  such  machines  is  said  to  have  who  lived  about  80  yeara  before  the  Christian 

been  owing  to  the  following  circumstance:  era,  of  which  Cicero  says,  <<  If  any  man  should 

Mr.    Rowley,    a   mathematical    instrument-  carry  the  sphere  of  Posidonius  into  Scythia 

maker,  having   got  one   from  Mr.  George  or,  Britain,  in  every  revolution  of  which  the 

Graham,  the  original  inventor,  to  be  sent  motions  of  the  sun,  moon,  and  five  planets 

•hroad  with  some  of  his  own  instruments,  he  were  the  same  as  in  the  heavens  each  day  and 

copied  it,  and  made  the  firat  for  the  Earl  of  night,  who  in  those  barbarous  countries  could 

Orrery.    Sir  R.  Steele,  who  knew  nothing  of  doubt  of  itB  being  finished*  not  to  say  actuate^ 
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by  perfect  reason!"    The  next  mBchine  of  terminate  on,  and  are  screwed  down  to^  ft 

this  kind  which  history  records  was  constructed  strong  circle  of  oak  1 3  feet  in  diameter,  wfaicli« 

by  the  celebrated  Boe  thins,  the  Christian  phi-  when  the  sphere  is  put  in  motion,  rans  upon 

loeopher,  aboat  the  year  of  Christ  610,  of  large  roUers  of  lignum  vitie,  in  the  mannsor 

which  it  was  said  **  that  it  was  a  machine  that  the  tops  of  some  windmills  turn  roimd. 

pregnant  with  the  unlTerse— a  portable  heaven  Upon  tlie  iron  meridians  is  fixed  a  zodiac  of 

— >4i  compendium  of  all  things."     After  ikda  tin  painted  b^ue,  on  which  the  ecliptic  and 

period  we  find  no  instances  of  such  mechan-  heliocentric  orbits  of  the  planets  ate  drawn, 

ism  of  any  note  till  the  16th  century,  when  and  the  stars  and  constellations  traced.    The 

fldenoe  began  to  reyive  and  the  arts  to  flourish,  whole  is  turned  round  with  a  small  winch. 

About  this  lime  the  curious  clock  in  Hampton  with  as  little  labour  as  it  takes  to  wind  up  a 

Court  Palace  was  constructed,  which  shows  jack,  although  the  weight  of  iron,  tin,  and  the 

notonly  the  hours  of  the  day,  but  the  motions  wooden  circle  is  above  a  thousand  pounds, 

of  the  sun  and  moon  through  all  the  signs  of  This  machine,  though  now  somewhat  ne- 

the  xodiac,  and  other  celestial  phenomena,  glected,  may  still  be  seen  in  Pembroke  Hall, 

Another  piece  of  mechanism  of  a  similar  kind  Cambridge,  where  I  had  an  opportunity  of 

is  the  clock  in  the  Cathedral  of  Strasburg,  inspecting  it  in  November,  1839.  The  easen- 

in  which,  besides  the  clock  part,  is  a  celestial  lial  parts  of  the  machine  still  remain  neariy  in 

globe  or  sphere  with  the  motions  of  the  sun,  the  same  state  as  when  originaDy  constructed 

moon,  planets,  and  the  firmament  of  the  fixed  in  1758. 

stars,  which  was  finished  in  1574.  The  machine  which  I  shall  now  describe 

Among  the  largest  and  most  useful  pieces  is  of  a  much  smaller  and  leas  comjdex  de- 

of  machinery  of  this  kind  is  the  great  sphere  scription  than  that  which  has  been  noticed 

erected  by  Dr.  Long,  in  Pembroke  Hall,  in  above,  and  may  be  made  for  a  comparatively 

Cambridge.    This  machine,  which  he  called  small  expense,  while  it  exhibits  with  sufficient 

the  l^nzTiium,  consists  of  a  planetarium,  which  accuracy  the  motions,  phases,  and  positions 

exhibits  the  motion  of  the  earth  and  the  pri-  of  all  the  primaiy^planets,  with  the  exoeptign 

mary  planets,  the  sun,  and  the  motion  of  the  of  the  new  planets,  which  caimot  be  aecn- 

moon  round  the  earth,  all  inclosed  within  a  rately  represented  on  account  of  their  otbits 

sphere.    Upon  the  sphere,  besides  the  prin-  crossing  each  other.  In  order  to  the  construe- 

dpal  circles  of  the  celestial  globe,  the  zodiac  tion  of  the  planetarium  to  which  I  allude,  we 

is  placed,  of  a  breadth  sufficient  to  contain  the  must  compare  the  proportion  which  the  annual 

apparent  path  of  the  moon,  with  all  the  stars  revolutions  of  the  primary  planets  bear  to  that 

over  which  the  moon  can  pass;  also  the  eclip-  of  the  Earth.    This  proportion  is  expressed 

tic,  and  the  heliocentric  orbits  ofall  the  planets,  in  the  following  table,  in  which  the  fint 

The  Earth  in  the  planetarium  has  a  movable  column  is  the  time  of  the  Earth's  period  in 

horizon,  to  which  a  large  movable  brass  circle  days ;  the  second,  that  of  the  planets ;  and  the 

within  the  sphere  may  be  set  coincident,  re-  third  and  fourth  are  numbers  very  neariy  in 

presenting  the  plane  of  the  horizon  continued  the  same  proportion  to  each  other : 
to  the  starry  heavens.    The  horizons,  being 


88 
224| 
687 
4332J 
107591 
30686 


83  :    20  for  Mercury. 
52  :     32  for  Venus. 
40  :     75  for  Mais. 

7  :     83  for  Jupiter. 

5  :  148  for  Saturn. 

3  :  253  for  Uranus. 


turned  round,  sink  below  the  stars  on  the  east  Af^sf 
aide,  and  make  them  appear  to  rise,  and  rise  qf»e t 
above  the  stars  on  the  west  side,  and  make  ^^.7 
them  appear  to  set.  On  the  other  hand,  the  ofiRi 
earth  and  the  horizon  being  at  rest,  the  sphere  tptK^ 
may  be  turned  round  to  represent  the  appa-  * 
rent  diurnal  motion  of  the  heavens.  In  order  On  account  of  the  number  of  teeth  required 
to  complete  his  idea  on  a  large  scale,  the  doctor  for  the  wheel  which  moves  Uranus,  it  is  fire- 
erected  a  sphere  of  18  feet  diameter,  in  which  quently  omitted  in  planetariuma,  or  the  pb* 
above  30  persons  might  sit  conveniently,  the  net  is  placed  upon  the  arbour  which  supports 
entrance  to  which  is  over  the  south  pole  by  Saturn.  If  we  now  suppose  a  spindle  or 
six  steps.  The  fiume  of  the  sphere  consists  arbour  with  six  wheeU  Jizcd  upon  it  in  a  ho- 
of a  number  of  iron  meridians,  the  northern  rizontal  position,  having  the  number  of  teeth 
ends  of  which  are  screwed  to  a  large  round  in  each  corresponding  to  the  numbers  in  the 
plate  of  brass  with  k  hole  in  the  centre  of  it ;  third  column,  namely,  the  wheel  A  M  (fig.  93) 
through  this  hole,  firom  a  beam  in  the  ceiling,  of  83  teeth,  B  i/  of  52,  C  K  of  50,  for  the 
comes  the  north  pole,  a  round  iron  rod  about  earth,  D  J  of  40,  £  if  of  7,  and  F  G  of  5; 
three  inches  long,  and  which  supports  the  and  another  set  of  wheels  moving  freely  aboat 
upper  part  of  the  sphere  to  its  proper  elevation  an  arbour  having  the  number  of  teeth  in  the 
for  the  latitude  of  Cambridge,  so  much  of  it  fourth  column,  namely,  A  N  of  20,  B  O  ci 
■s  is  invisible  in  England  being  cut  off,  and  32,  C  P  of  50,  for  the  earth,  D  Qof75,££ 
the  lower  or  southern  ends  of  Sie  meridians  of  83,  and  F  S  d  148  then,  if  those  tira 
(&96) 


Bj  tbit  planetarfnm,  liinpU  u  iti   cm- 
itniclion  maj  appear,  a  vmety  of  iotemting 


onsmled,  lh«  teeth  of  the  fomMT  will  take 
bold  of  tboM  of  the  latter,  and  turn  tbem 
lieely  when  ths  machine  ia  in  motion.  Theae 
■rboun,  with  tfaeii  wheela,  are  to  be  placed  in 

ft  box  of  a  proper  ai^  io  a  perpendicular  po 
>tion ;  the  arbour  of  £ied  wheels  to  more  in 
jBTota  at  the  top  and  bottom  of  the  hos.  and  eihibiliona  may  be  made  and  problanw  p«r- 
tbe  aibour  of  the  movable  wheela  to  go  fimned,  which  may  be  conducive  to  Iho  Uk 
throagh  the  top  of  the  boi,  and  haTing  on  rtniction  of  young  atodenta  of  Aitronomy.  I 
th«  top  a  wire  filed,  and  bent  at  a  proper  dia-  rfudl  mention  only  a  few  of  theae  aa  sped- 
tance  into  a  li^t  angle  upward,  bearing  (hi    mem. 

tfM  top  a  amall  round  ball  repreeenting  its  j.  When  iba  planeH  are  placed  in  tbeii 
^oper  planet  It  then,  on  the  lower  part  of  reipectlTe  positions  bv  means  of  an  epheme- 
the  aibour  of  fiiod  wheels  be  placed  a  pinion  ri«  or  the  Mautieal  Almansc,  the  relalim  po- 
of acraw-leeth,*  winch  tumioga  spindle  with  .itiona  of  those  bodies  in  rasped  to  eaeb 
■a  endlesi  screw,  playing  in  the  teeth  of  the  other,  the  quaiten  of  the  heavens  where  they 
arbonr,  ttill  turn  it  with  all  its  wheels,  and  niay  be  observed,  and  whether  they  are  to  be 
thcaa  wheels  will  turn  the  others  about,  with  ,een  in  the  morning  before  sunrise  or  in  the 
flieir  planeta,  in  their  proper  and  re^iectivB  evening  after  sunset,  may  be  at  once  deter- 
periodi  of  time;  for  while  (he  fixed  wheel  C  mined.  For  eiample.  on  the  19lh  of  Decem- 
JT  moves  iu  equal  C  P  Onco  round,  the  wheel  bar,  IMi,  ths  heliocenMc  places  of  the  plft. 
A  JIf  will  oiOTe  A  ffa  little  more  than  four  nets  are  as  follows:  Uranua,  3°  of  Aries; 
timea  round,  and  will  consequently  exhibit  Saturn,  8°  24'  of  Aqnarias;  Jupiter,  7°  4'  of 
the  motion  of  Mercury;  the  wheel  E  HifiO  Aries;  Mbtb,  IS"  4^  of  Libra;  the  Earth, 
turn  tho  wheel  E  R  about  yljth  ronod,  repre-  27=  49'  of  Gemini ;  Venus,  89°  48'  of  Virgo , 
■enting  the  proportional  motion  of  Japiler;  Mercury,  T°  63*  of  Pisces.  W^en  the  pla- 
and  the  lAeel  F  G  will  turn  the  wheel  F  nets  are  placed  on  the  planetarium  in  theae 
S  about  yj,jth  round,  and  represent  the  mo-  positions,  and  the  eye  placed  in  a  line  with 
tion  of  Saturn,  and  so  of  all  the  rest  the  balla  representing   the  Earth  and  the 

The  following  figure  (fig.  94)  repreaeala  Sun,  all  thoae  situated  to  the  left  of  the  sun 
the  ^ipearance  of  ^  instrument  when  com-  are  to  the  east  of  htm,  and  are  to  be  seen  in 
pleted.  Upon  the  upper  part  erf"  the  circular  the  evening,  and  tbose  on  the  right  in  the 
box  is  pasted  a  zodiac  drcle  divided  into  12  numiog.  In  the  present  case,  Uranus,  Saturn, 
ngos,  and  each  aign  into  30  degrees,  with  the  Jupiter,  and  Mercuiy  are  ecening  atara,  and 
correapondiog  days  of  Ibe  month.  The  vrheel-  Mars  and  Venuj  can  only  be  seen  in  the 
work  is  understood  to  be  within  the  box,  morning.  Jofnter  is  in  an  aspect  nearly 
which  may  either  bo  nipportod  by  a  tripud,  or  quartik,  or  three  signs  distant  from  the 
with  font  feet  as  here  represented.  Tho  moon  sun,  and  Uranua  ia  nearly  in  the  same  aspect 
and  the  satellites  of  Jupiter.  Batom,  and  Ur^  Sstnrn  is  much  nearer  the  sun,  and  Mer- 
nus,  srs  movable  only  by  the  hand.  When  cnry  is  not  far  &am  the  period  of  its  greateal 
the  winch  If  is  tamed,  then  all  the  primary  enrirm  elongation.  Mars  is  not  lar  from  being 
planets  are  made  to  move  in  their  reapective  in  a  quartila  aspect  toot  of  the  sun,  and 
velocities.  The  ball  in  the  centre  represents  Venus  ii  near  the  same  pomt  of  the  beaveiK 
dte  Sun,  which  is  either  made  of  brass,  01  of  approaching  to  the  peiiod  of  its  greatest  wet^ 
<rcod  gilded  with  gold.  *ra  elongatitm,  and  cooseqnently  Mil  be  aaen 
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before  smune  as  a  beantiiul  morning  star,   arm  of  Mereaiy  or  Venua  at  £.    The 
Jupiter  and  Uranus,  to  the  eaet  of  the  sun,   D  O  repreaenta  a  ray  of  lig^t  coming  froa 
appear   nearly  directly  opposite    to  Venus  _. 

and  Mars,  which  are  to  the  west  of  the  sun.  '^^'  ^^* 

The  phase*  of  Venus  is  nearly  that  of  a  half  ^ 

moon,  and  Mercury  is  somewhat  gibbous,  ap-  a  ^^.^^^^^"^B^ 

proachmg  to  a  half-moon  phase.    If,  now,  we       j^  ]L^^""^"T^^"     1 
turn  the  machine  by  the  winch  till  ihe  index  /^""^      I  I 

of  the  earth  point  at  the  8th  of  August,  1846, 
we  shall  find  the  planets  in  the  following  po- 
sitions :  Mars  and  Saturn  are  nearly  in  oppo- 
sition to  the  sun;  Venus  and  Mercury  are 

evening  stars,  at  no  great  distance  from  each    ,       ,  «       ,  ,        «     — 

other,  and  Jupiter  is  a  morning  star.  In  like  *«  Pl«net  at  2)  to  the  earth  at  F.  The  pla- 
manner,  if  we  turn  the  machine  till  the  index  »«*•  \>^^«  ^^^n  m  motion,  the  planet  D,  aa 
point  to  any  future  months,  or  even  succeed-  ^^^  ^  **f  heavens  from  the  earth  at  P,  will 
Lig  veara,  the  various  aspects  and  positions  of  radeigo  the  several  changes  of  position  whidi 
the  planets  may  be  plainly  perceived.  When  7^©  '^^  described  above,  sometimea  appear- 
the  planets  are  moved  by  the  winch  m  this  »«  *»  gobackward,  and  at  other  times  for- 
machme,  we  see  them  all  at  once  in  motion  ^"^'  The  wire  prop,  now  supposed  to  be 
around  the  sun,  with  the  same  nsspective  ve-  P'^ccd  over  Mercuiy  at  E,  may  fikewiae  be 
locities  and  periods  of  revolution  which  they  P*^  o^'  ">y  <^.™  <>*«  planeta,  particu- 
have  in  the  heavens.  As  the  planets  are  re-  ^Kf  .Ma"»  ^^  smular  phenomena  will  be 
presented  in  the  preceding  positions,  Mercury,   ^^^l'®^*    ,.  ..^     .     ,^ 

Jupiter,  and  Mars  are  evening  stars,  and  Ve-  ^  This  machme  may  likewise  be  used  to  ex- 
nus,  Saturn,  and  Uranus  momihg  stars,  if  we  *"*»»*  ^^  ^^^  ^  ^^  Ptolemaic  system,  which 
suppose  the  earth  pUced  in  a  line  with  our  P*««»  ^^  f  ^rth  m  the  centre,  and  supposes 
eye  and  the  sun.  "^®  '^^  *^^  ^  ^®  planets  to  revolve  around 

2.  By  this  instrument,  the  truth  of  the  Co-  '^^  ^^^  *^"  purpose,  the  ball  representing 
pemican  or  solar  system  is  clearly  represented.  *®  Sun  is  removed,  and  placed  on  the  wire 
When  the  planets  are  in  motion,  we  perceive  ^^  V^"  ^^^h  supports  the  Earth,  and  the 
the  planets  Venus  and  Mercufy  to  pass  both  ^^  representing  the  Earth  is  placed  in  the 
before  and  behind  the  sun,  and  to  have  two  <«»*«.  It  will  then  be  observed  that  the 
conjunctions.  We  observe  Mercuiy  to  be  pl«nets  Mercuiy  and  Venus,  bring  both  with- 
never  more  than  a  certain  angular  distance  "» *^®  <»*"*  o^*^«  w™»  cannot  at  any  time  be 
from  the  sun  as  viewed  from  the  earth,  '^^  *®  8°  behind  it,  whereas  m  Ae  heavens 
namely,  27^,  and  Venus  4r>.  We  perceive  ^«  "  <^^  «»  *«™  K®  behind  aa  before  the 
that  tiie  superior  planets,  particularly  Mars,  «"n-  Again,  it  shows  that  as  the  planeto 
wiU  be  sometimes  much  nearer  to  tiie  earUx  move  m  circular  ortnts  about  the  central  earth, 
than  at  others,  and  therefore  must  apppear  ^J  ?ng^*  »*  •Jl  ^Btea  to  appear  of  the  same 
larger  at  one  time  than  at  another,  as  tiiey  magnitude,  while,  on  tiie  contrary,  we  obaerve 
actually  appear  in  tiie  heavens.  We  see  tiiat  J**«'  apparent  magnitudes  in  the  heavens  to 
tiie  planets  cannot  appear  from  the  earth  to  ?®  ''^  variable,  Mars,  for  example,  qppear- 
move  wiUi  uniform  velocity;  for  when  near-  ^S  sohietimes  nearly  as  large  as  Jupiter,  and 
est  tiiey  appear  to  move  faster,  and  slower  **  °™^  ^^^^  only  like  a  small  fixed  star, 
when  most  remote.  We  likewise  observe  ^gam,  it  is  here  diown  that  tiie  planets  may 
that  the  planets  appear  from  the  eartii  to  move  o«  »en  at  all  distances  from  the  son ;  forex- 
sometimes  direct,  or  from  west  to  east;  tiien  ;?P^®»  vrhenthe  sun  is  setting,  Mercury  and 
become  retrograde,  or  from  east  to  west,  and    Venus,  accordmg  to  this  arrangement,  might 

between  botii  to  be  stationary ;   all  which  2?  **^"'  ^^  ^^^^  ^  ^^  ^^^  ^^  ®^*"  "" 

particulars  exactiy  correspond  witii  celestial  ™  eastern  quarter  of  tiie  heavens:  a  pheno- 

observations.    For  illustrating  tiiese  particu-  "«'*<>"  ^'^^  ^"^  "^©^^r  yet  observed  m  any 

lar8,tiiere  is  a  simple  apparatus,  represented  ^,  Mereuiy  never  appeanng  beyond  27*»  of 

by  fig.  95,  which  consists  of  a  hollow  wire  ™°  »]?>»  ^^  \«n"*  b^ond  48"*.    In  short, 

witir  a  sUt  at  top,  which  is  placed  over  tiie  •oc<wding  to  the  system  thus  represented,  it 

is  seen  that  the  motions  of  the  planeta  dKioU 

•  The  balls  which  rei»re«ent  the  different  pla-  all  be  regular,  and  uniformly  the  same  in 

nsta  on  this  machine  have  their  hemispheres    ^-,«-„-.«-4.  «r  j.k«:«  «.•*.;*-  ^^a  *!.-.♦  *u i i- 

painted  blaclc.  with  the  white  side  lomed  directly  «7.®^  P^^^  "^>'  ^^^^  ">d  tiiat  tiiey  shonk 

to  the  san,  so  that  if  tbe  eye  be  placed  in  a  line  all  move  the  same  way,  namely,  from  west  to 

with  the  earth  and  the  planet,  particularly  Mer-  east;  whereas  in  the  heavens  they  are  seen 

eary  and  Venus,  its  phase  in  tbe  he««vens  at  that    »^  «««,«  «,:a,  •.•i.kto  ^^^.^mt.^    -  -  ^^ 

«ime,  as  viewed  with  a  telescope,  aiay  b«  die-  *°  °^®  ^™.  ▼»««*»»  velocities,  sometuaes 

linetly  perceived.  appeanng  stationary,  and  sometunca  hmviim 
(900) 
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fiwDMist  to  weit,«nd&om  w«aC  to  But:  til 
which  dreamBtanceB  plainl;  pto-n  that  the 
Ptolenuic  cannot  be  Uie  tme  ^stam  of  the 


A  pluietiriam  nich  m  that 
mi^it  be  conatnicted  with  brasi  wheel-w<ak 
fb^  about  five  gtuneas.  The  brau  wheel- 
work  of  one  which  I  koig  since  constructed 
coat  about  Oaee  guioea^  and  the  other  paita 
of  the  apparatus  about  two  guineas  inor& 
The  following  are  the  price*  of  soom  inAni- 
menta  of  this  kind  as  made  bf  Menn.  Jones, 
30  Lower  Holbom,  London:  "An  orreiy, 
riuiwing  the  motions  of  the  Earth,  Moon,  and 
bilerior  planets,  Mercorj,  and  Venus,  bj 
wheel-woct  the  board  oa  which  the  instru- 
menl  stores  being  13  inches  disinelei,  £4. 
14i.  M.  A  planetarium,  shaning  the  mo- 
tjoni  of  all  the  primary  plaucbi  bj  wheel-work 

Fig.  96. 


with  H  inch  or  three  inch  pnered  globei, 

aauiding  to  the  wheel-woik  and  the  aeatnSM 
of  Uie  atands,  Irom  £7  1T(.  6d.  to  £10  1(U. 
Ditto,  with  wheel-work  to  show  the  paisU^ 
iiin  of  the  Earth's  axis,  the  motiana  of  the 
Moon,  her  pbsiies,  &<%,  £18  18(.  Ditto, 
with  wheel-worh  to  ehow  the  Earth's  diurnal 
nwtion,  on  a  bras)  stand  in  mshogsnj  ease, 
£SS  1$.  A  small  tellurian,  showing  the  mo- 
lion  of  the  Earth  and  Moon,  &c,  £  1  Ss." 


4iiM  aief  or  attent*,  intfiealed  tythe  letter* 
ABC.  Axis  "  C,"  the  "  yearlj  Ids," 
it  asBomed  to  make  one  ntTolution  in  365^ 
S4a,336  daj^  or  in  365  days  Sa  48-  49.19*, 
and  ia  furnished  with  wheels,  IT,  44,  54,  36, 
140,  96,  137,  88,  which  wheels  are  all  Gnuly 
ri*e(ed  to  taid  axis,  and  consequently  they 
toin  round  with  it  in  the  tsme  time.  Arle 
"B"  ia  a  fixture;  il  consists  of  a  steel  rod,  on 
which  a  sjatem  of  pairs  of  wheela  revolve; 
thus  wheels  40  and  77  are  made  fait  togelber 
by  being  riveted  on  Oe  Kme  collet,  re[n«> 
aenled  by  the  thidt,  dark  space  between  them, 
as  alao  of  the  rest:  the  several  wheela  on  this 
axis  may  be  written  down  thus:  IB,  yL%,  I}, 

i|.  »».  II.  li.  tj.  >••  i!.  It   o..;i.a 

a  system  of  wheels,  fiimisbed  with  tubes,  re- 
volve, and  these  tubes  carry  horbonlal  anns, 
au[^[ting  peipendicuisr  tlenu  with  the  pla- 
aeta.  The  wheels  on  this  axis  are  173,  |1I, 
111,  119,  UJ,  iH,  83,  339,  96,  128,  73. 
Prom  the  following  short  description,  the  na- 
ture of  their  several  actions  will,  it  is  pre- 
■omad,  be  readily  understood,  viz. 
■nuxars  On  Ae  »""  "  ^'  »'  'l"  bottom 
*»«"■  k  wheel  89,  which  turns  round  in 
365  days  5k  48"  49.19'.  This 
wheel  impels  a  «nall  wheel  of  Sit 


The  following  U  a  description  of  the  moat 
complete  end    sccurste  planetarium  I  have 
yet  seen.  The  cslcnlations  occupied  more  than 
eight  months.  For  this  article  I  sm  indebted  to 
my  learned  sod  ingenious  triend.  Dr.  Bender- 
eon,  F.R.A.S.,  wbo  is  known  to  many  of  my 
readers  by  his  excellent  astronomical  wiitiiigs. 
Bection    of  the  wheek 
wort  of  a  planetarium  ibr 
lowing  with  the  utmost 
degree    of     accuracy    the 
I  mean  tropical  revolutioos 
of  the  planets  round  the 
sun,  calculated  by  E.  Hen- 
derson, L.L.D.,  &0, 

In  the  section  the  dark 

horiiontal  tines  ie|uewut 

the  wheel-woA  of  thepl»-' 

nGtariuni,and  the  annexed 

numerals     the    numbers 

of    teeth    in    the    given 

wheel.    The  machine  hM 

teeth,  to  which  is  made  &Ht  wheel 

67,  both  revolving  together  at  the 

foot  of  oils  B ;  wheel  67  drives  a 

wheel   of  TS   once   round  in  the 

p«iod  of  87  days  83'  14-  36.1'; 

Haa    last-mentioned   whed   has   a 

long  tube,  wliich  tuma  on  the  steel 

axis  A.  and  csnics  a  horizontal  amt 

with  the  planet  Mercury  round  the 

tun  in  the  time  above  noted. 

On  axis"  C"  is  wheel  1S7,  which 
drives  wheel  47,  to  which  is  riveted 
a  wheel  of  77  teeth,  which  impels 
awheel  of  IS8  teeth  on  aiia^and 
causes  it  to  make  a  revolution  in 
8S4  days  16^  41'°  31. 1>,  and  ia 
fttmished  with  a  tube,  which  re- 
volvDS  over  that  of  Mercury,  and 
ascends  through  the  cover  of  tba 
machine,  and  boars  an  arm  on 
which  in  placed  a  small  ball  repre- 
■enlins  this  planet  in  the  time  slated. 
The  motion  of  the  Earth  ronnd 
the  Sun  is  simply  eOecled  as  follows: 
the  assumed  value  of  axia  "  C" 
the  "yearly  axis,"  is  365  days  9* 
48>  49.19';  hoaee  a  ^ttcm  of 
irtieels  having  the  sams  number  of 
4  0  {901) 
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teeth,  or,  at  all  erenta,  the  fint 
mover  and  last  wheel  impelled, 
must  be  equal  in  their  numbers  of 
teeth.  In  this  machine  three  wheels 
are  employed,  thus:  a  wheel  hay- 
ing 96  teeth  is  made  fast  to  the 
yearly  axis  C,  and  of  course  moves 
round  with  it  in  a  mean  solar  year, 
as  above  noted ;  this  wheel  impels 
another  wheel  of  96  teeth  on  axis 

B,  and  this,  in  its  turn,  drives  a 
tfaird  wheel  of  96  teeth  on  axis  A^ 
and  is  (urnished  with  a  long  tube 
which  revolves  over  that  of  Venus, 
and  ascends  above  the  cover-plate 
of  the  machine,  and  bears  a  hori- 
lontal  arm  which  supports  a  small 
terrestrial  globe,  which  revolves  by 
virtue  of  said  wheels  once  round 
the  sun  in  865  days  ^  48"  49.19*. 

The  revolution  of  this  planet  is 
e0ected  as  follows :  a  wheel  of  140 
teeth  is  made  fast  to  the  yearly  axis 

C,  and  drives  on  axis  B  a  wheel  of 
65  teeth,  to  which  is  fixed  a  wheel 
of  59  teeth,  which  impels  a  largo 
wheel  of  239  teeth  on  axis  A  once 
round  the  sun  in  686  days  22^  18'* 
33.6' :  this  last  mentioned  wheel  is 
also  furnished  with  a  tube  which 
revolves  over  that  of  the  earth,  and 
carries  a  horizontal  arm  bearing  the 
ball  representing  Mars,  and  causes 
it  to  complete  a  revolution  round 
the  sun  in  the  period  named. 

ras  JUSZE-      'I^he  period  of  of  Vesta  is  accom- 
*o/08.        plished  thus,  viz.  :  on   the  yearly 
VESTA'S      ^^  ^  ^  made  fast  a  vrheSi  of  36 
naioa      teeth,  which  drives  a  wheel  of  65 
teeth,  on  axis  B,  to  which  is  fixed 
a  wheel  of  41  teeth,  which  impels  a 
wheel  of  83  teeth  on  axis  A  once 
round  in  1336  days  0^  21"  19.8"; 
the  tube  of  which  last  wheel  ascends 
on  that  of  Mars,  and,  like  the  rest, 
bean  an  arm  supporting  a  ball  re- 
presenting this  planet 
JUNo^  For  the  revolution  of  Juno,  the 

"■'o^  yearly  axis  C  is  furnished  with  a 
wheel  of  54  teeth,  which  impels  a 
wheel  of  50  teeth  on  axis  B^  to 
which  is  made  fast  a  wheel  of  27 
teeth,  which  turns  a  wheel  of  127 
teeth  on  axis  A  once  round  in  1590 
days  17"  35«  2.7«,  and  the  tnbe  of 
which  ascends  on  that  of  Vesta,  and 
supports  a  horizontal  arm  which 
carries  a  small  ball  representing  this 
planet  in  the  period  named. 
omxifs  The  revolution  of  Geres  is  de* 

ffsaioa      rived  from  the  period  of  Juno,  be- 
cause wheel-work  taken  from  the 


unit  of  a  solar  year  was  not  nf 
fidentJy  accurate  for  the  purpose, 
therefore  on  Juno's  wheel  of  127 
teeth  is  fixed  a  wheel  of  123  teeth, 
which  drives  a  thick  little  bev^ 
aort  of  wheel  of  30  teeth  on  axis  B  i 
the  reason  of  this  small  wheel  being 
bevelled  is  to  allow  its  teeth  to  suit 
both  wheels  H} ;  wheel  30  drives 
wheel  130  on  axis  A  once  round  in 
1681  days  6^  17-  22.4%  and  the 
tnbe  of  wheel  130  turns  on  the  tube 
of  Juno,  and  ascends  in  a  similar 
manner  vrith  the  rest,  and  carries  a 
horizontal  arm  supporting  a  nnall 
ball  representing  this  planet,  and  is 
caused  to  revolve  round  &e  Sun  in 
the    above-mentioned  period   (tiie 
period  of  Ceres  to  that  of  Juno  is  as 
130  is  to  123:  hence  the  wheels 
used.) 
PALLAiPs        '^^  period  of  Pallas  could  not  be 
psaiuD.      derived  from  the  solar  year  with 
sufficient   accural^,  and    recourae 
was  had  to  an  engpraiied  fraction  on 
the  period  of  Ceres,  thus :  on  wheel 
130  of  Ceres  is  made  fast  a  wheel 
of  122  teeth,  which  drives  a  wheel 
of  81  teeth  on  axis  B,  to  which  is 
.  fixed  a  wheel  79,  which  impels  a 
wheel  of  119  teeth  on  axis  A,  and 
is  furnished  with    a    tnbe  which 
ascends,  and  turns  on  that  of  Ceres, 
and  supports  a  horizontal  arm.  which 
bears  a  small  ball  representing  tins 
^       planet,  which  by  virtue  of  the  above 
train  of  wheels  is  caused  to  com- 
plete a  revolution  round  the  Sun  in 
1681  dayslO'»28-25.l«. 
jnprreR*s       '^^  motion  of  this  planet  is  de- 
ncRioo.      rived  from  the  period  of  a  solar 
year,  fiom  the  ^yeariy  axis,*'  thus: 
on  this  axis  is  made  &st  a  wheel 
of  44  teeth,  which  turns  a  wheel  of 
94  teeth  on  axis  B,  to  which  is 
riveted  a  small  wheel  of  20  teetfi, 
which  impels  a  wheel  on  axis  A 
having  111  teeth,  which  is  furnished 
with  an  ascending  tube  which  re- 
volves over  that  of  Pallas,  and  bears 
a  horizontal  arm  which  supports  a 
ball  representing  this  planet,  which 
by  the  said  train  of  wheels  is  caused 
to  revolve  round  the  Sun  in  4330 
days  14^  39"  35.7». 
SATORN'S        The  periodic  revolution  of  Saturn 
**"°^*      is  also  taken  from  the  solar  year, 
viz.,  a  small  wheel  of  17  teeth  is 
fixed  to  the  "  yeariy  axis"  near  its 
top,  and  drives  a  wheel  of  129  teeth 
on  axis  By  to  which  is  made  &st  a 
wheel  of  49  teeth,  which  turns  a 


HENDERSON'S  PLANETARIUM. 


185 


wheel  of  190  teeth  on  axu  A,  whose 
tube  ascends  and  revolves  on  that 
of  Jupiter's  tube,  and  supports  an 
arm,  having  a  ball  representing  8ar 
tum  and  its  rings,  and  which  by  the 
train  of  wheels  is  caused  to  -pexSorm 
a  revolution  round  the  sua  in  the 
period  of  10,746  days  19"  16>  50.9*. 
muMinv        '^^^  revolution  of  this    planet 
rgaioa      could  not  be  attained  with  sufficient 
accuracy  from  the  period  of  a  solar 
year:   the  period  is  engrafted  on 
that  of  Saturn's,  thus :  a  wheel  of 
117  teeth  is  made  &st  to  wheel  190 
of  Saturn^  and    consequently  re- 
volves in  Saturn's  period.     This 
wheel  of  117  teeth  drives  a  wheel 
on  axis  B  having  77  teeth,  to  which 
is  fixed  a  wheel  of  40  teeth,  which 
tarns  on  axis  A  a  large  wheel  of 
173  teeth,  whose  tube  ascends  and 
revolves  over  that  of  Saturn,  and 
carries  a  horizontal  arm  which  sup- 
ports a  ball  representing  this  planet, 
which  is  caused  to  complete  its  re- 
volution by  such  a  train  of  wheels 
in  the  period  of  30,589  days  S^  26>» 
58.4*.    Such  is  a  brief  description 
of  the  motions  of  this  comprehen- 
sive and  veiy  accurate  machine. 
The  axis  A,  on  which  the  planet  tubular 
wheels  revolve,  performs  a  rotation  in  25  days 
10  hours,  by  virtue  of  the  following  train  of 
wheels,  f^+f }  of  24  hours,  that  is,  a  pinion 
of  14  is  assumed  to  revolve  in  24  houiB.  and 
to  drive  a  wheel  of  61  teeth,  to  which  is%xed 
a  pinion  of  12,  which  turns  the  wheel  70  m 
the  period  noted ;  to  this  wheel-axis  it  is  made 
het,  and  by  revolving  with  it  exhibits  the 
8tt%'s  rotation. 

DiURNAL  The  machine  is  turned  by  a 
H^MO.  handle  or  winch,  which  is  assumed 
to  turn  round  in  24  hours,  and  from 
this  rotation  of  24  hours  a  tndn  of 
wheel-work  is  required  to  cause  the 
M  yeariy  axis"  C  to  turn  once  round 
in  365  days  5>>  48"  49.19*,  which  is 
efiectod  in  the  following  manner, 
viz. !  the  train  found  by  the  process 
of  the  reduction  of  continuous  fiac- 
'  tions  is  U^-y^+Yrf,  that  is,  m 
the  train  for  turning  the  Sun,  the 
same  pinion  14  turns  the  same 
wheel  61,  and  turns  a  pinion  of  18 
leaves,  to  which  is  fixed  awheel  of  144 
teeth,  having  a  pinion  of  28  leaves, 
which  impels  a  large  wheel  of  241 
teeth  once  round  in  365.242236 
days,  or  365  day8  5>>48"  49.19*.  The 
last-mentioned  wheel  of  241  teeth  is 
made  fast  to  the  under  part  of  the 
« jeariy  axis"  C  at  Z),  the  handle 


having  a  pinion  of  14  leaves  therefor, 
and,  transmitting  its  motion  through 
the  above  train,  causes  the  yeariy 
axis  to  revolve  in  the  same  period. 
B^nTKA-  1^  planetarium  is  also  furnished 
DATES.  with  a  system  of  wheels  for  regis- 
trating  dates  for  either  10,000  years 
yui  or  to  come.  The  arrangement 
is  not  shown  in  the  engraving,  (to 
prevent  confusion,)  but  it  might  be 
shortly  described  thus :  near  the  top 
ef  the  yearly  axis  u  a  hooked  piece, 
e,  whidi  causes  the  tooth  of  a  wheel 
of  100  teeth  to  start  forward  yearly ; 
consequently,  100  starts  of  said 
wheel  will  cause  it  to  revolve  in  100 
solar  years ;  and  it  has  a  hand,  which 
points  on  a  dial  on  the  cover  of  the 
machine  the  years:  thus,  for  the 
present  year,  this  hand  will  be  over 
the  number  45.  This  last-named 
wheel  of  100  teeth  has  a  pin,  which 
causes  a  tooth  of  another  wheel  of 
100  teeth  to  start  once  in  100  years; 
hence  this  last  wheel  will  complete 
one  revolution  in  10,000  years;  and 
it  is  for  this  purpose  the  former  in- 
dex or  hand  moves  over  a  number 
yearly.  The  second  index  will  pass 
over  a  number  every  100  years ;  for 
the  present  year,  the  second-hand  or 
index  will  be  over  the  number  18, 
and  will  continue  over  it  until  the 
first  index  moves  forward  to  99; 
then  both  indexes  will  move  at  one 
time,  viz.,  the  first  index  to  O  0  on 
the  first  concentric  circle  of  the  dial, 
and  the  second  index  to  19,  denoting 
the  year  1900,  and  so  of  the  rest 
By  the  ecliptic  being  divided  in  a 
series  of  four  spirals,  the  machine 
makes  a  distinction  between  com- 
mon and  leap  years,  and  indicates 
the  common  year  as  containing  365 
days,  and  the  leap  year  366  days, 
by  taking  in  a  day  in  February 
every  fourth  year;  thus,  for  any 
given  period  for  10,000  years  pest 
or  to  come,  the  various  situations 
and  aspects  of  the  planets  may  be 
ascertained  by  operating  with  this 
machine,  and  this  for  thousands  of 
years  without  producing  a  sensible 
enor  either  in  space  or  time.  This 
planetarium  wheel-work  is  inclosed 
in  an  elegant  mahogany  box  of 
twelve  sides;  is  about  five  feet  in 
diameter  by  ten  inches  in  depth.  At 
each  of  the  twelve  angles,  or  sides, 
small  brass  pillars  rise,  and  snppoit 
a  large  ecliptic  circle,  on  which  are 
engraven  the  signs,  degrees,  and  mi« 
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ontM  of  die  edipticy  die  daji  of  die 

month,  &c    lliie  raahogany  box 

with  the  wfaeel>woik  le  eopported 

by  •  tripod  etend  thiee  feet  in  height, 

end  motioii  is  oommunicated  to  the       The  following  ie  a  t^Mar^iew  of  the  iHiBafr 
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In  the  month  of  October  laat  year,  Dr.  Hen- 
deraon  made  a  aeries  of  calculations  for  a  new 
planetariimi  fat  the  use  of  achools.  It  shows 
with  considerable  accuracy  for  700  days  the 
mean  tropical  xevoiutions  of  the  planeta  round 
the  sun.  The  machine  consists  of  a  qrstem 
of  bnuK  wheels  peculiarly  arrangedi  and  is  in- 
closed in  a  circular  case  three  feet  in  diameter, 
the  top  of  which  has  the  signs  and  degrees  of 
the  ediptic  laid  down  on  it,  as  also  the  days 
of  the  months,  dec  This  planetarium  costs 
only  45s.,  or,  on  a  tripod  stand,  table-high, 
&6s. :  the  machine  is  put  in  motion  by  a  han- 
dle on  the  outside.  To  the  teachers  and 
others  connected  with  education,  this  plane- 
tarium must  be  of  great  importance,  for  with- 
out a  proper  elucidation  of  the  principles  of 
astronomy,  that  of  Geography  must  be  but 
confusedly  understood.  This  planetarium  is 
at  present  made  by  Mr.  Dollond,  9  White 
Conduit  Grove,  Isiingten,  London. 

The  Tyhrian  is  a  small  instrument  which 
should  be  used  in  connexion  with  the  plane- 
tarium formerly  described.  This  instrument 
<P04) 


is  intended  to  show  the  annual  modeo  of  the 
earth,  and  die  roToludon  of  the  moon  arqpnd 
it  It  also  illustrates  the  moon's  phases  and 
die  motion  of  her  nodea,  the  indinadon  of  die 
Earth's  axis,  thecausea  of  eclipees,  the 
riety  of  seams,  and  other  phenomena.  It 
aists  of  about  eight  wheels,  pinions,  and  drdea. 
A  amall  instrument  of  thia  deacripdon  may  be 
purchased  for  about  £1  Sa^  aa  atated  <m 
page  163. 

Oir   THE   YA.UI0U8    OPIlflOirS   WHTCK    wiai 

oKioiKALLT  rouixn  or  saturit's  siire. 

The  striking  and  smgular  phenomenon 
connected  with  the  planet  Saturn,  though  now 
ascertained  beyond  dispute  to  be  a  ring  or 
lings  sttnoun<Ung  its  body  at  a  certain  dis- 
tance, was  a  subject  of  great  mystery,  and 
gave  rise  to  numerous  conjectures  and  oontn^ 
Tersies  for  a  considerable  time  after  the  inven- 
don  of  the  telescope  by  which  it  was  dis- 
covered. Though  it  was  first  discovered  in 
the  year  1610,  it  was  neariy  50  yean  after- 
ward befiwe  ita  trae  (brm  and  nature 
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GalilM  wu  the  Grat  who  di*-  was  nippiiaed  to  be  indoMd  in  «n  alUptkal 
WMrad  any  thing  uDcomroon  conneetsd  with  liag,  bat  thti  lingwu  rappOMd  to  htjiMd  to 
BatDin :  thnmgh  bii  tdeaeope  he  Ihongfat  be  iu  two  oppodta  aide& 
mw  that  planet  ffeu  like  two.nn*Uet  giobee  Fig.  tO  ie  m  rnireaenlafioa  bj  EuaUchine 
on  each  nde  [tf  a  brger  one ;  and  after  view-  IKidiUgaeelebTetedltaliBDoptieiaiiBtBologiia. 
ing  tba  planet  in  thii  farm  for  two  yean,  he  The  ihadei  Tepresentad  on  Saturn  and  the 
wa«  nicprued  to  eea  it  becoming  quite  Tonnd,  elliptical  nine  are  Inoonect,  as  this  planet 
without  ita  adjoinilig  globei,  and  eome  time  preasnta  do  mch  ihsdoiv;  form.  T^s  geneisl 
aAerward  to  appear  in  the  tittle  form.  Tbi*  appearBQee  hers  preeent^  in  not  much  unlike 
■ppearanea  ia  repreaenled  in  fig.  I  oT  the  Ibl-  that  which  the  nng  of  Saturn  eihiUti,  ei- 
loning  engraving.  In  the  year  1614,  Schd-  ccpting  that  at  the  upper  aide  of  Iha  ring 
ner,  a  Geman  astronomer,  puUiahed  a  repre-  shoald  appear  corering  a  portion  of  the  orb 
aentatioQ  of  Salnm,  in  which  Ihia  planet  ia  of  Saturn ;  but  Divini  seem*  lo  have  conceived 
eihibiled  a*  a  targe  central  globe,  with  two  that  the  curve  on  each  aLde  was  attached  to  the 
■nailer  hodiee,  one  on  each  aide,  partly  of  a  bodjorSetarn  ;  for  when  Huygens  published 
eooical  form,  attached  to  the  planet,  and  [bmt-  his  discovery  of  the  ring  of  SatuTn  in  1659, 
ing  B  part  ofit,  as  shown  fig.  2.  Iti  the  yean  Divini  contested  its  Inith,  because  he  conld 
1640  and  1643,  Ricdotus,  an  Italian  malbe-  not  perceive  the  ring  throuf^  his  own  lele- 
matieian  and  agtrooomei,  imagined  he  taw  acopea ;  and  he  wrote  a  treatiee  on  the  tnl^ect 
Saturn  as  represented  in  Sg.  3,  consialing  of  in  oppodtian  to  Haygeni  in  1660,  entitted 
a  central  globe,  and  two  conical^ehaped  bodies  "Brevu  Annotatio  in  Systema  Satumium." 
completely  detached  Irom  it,  and  pnbliahed  Huygena  immediately  replied  to  him,  and 
an  account  of  il  coneqxmding  to  this  view.  Divini  wrote  a  rejoindsr  in  1661.  Fig.  11  is 
Heretina,  the  celebrated  aMronomer  tS  Dant-  the  representation  given  by  Francis  Fontana. 
a  Neapolitan  astronomer.  This  figure  repre- 
Pif.  97.  aeata  Saturn  as  having  two  crescents,  one  on 

each  side,  attached  to  its  body,  with  intervals 
between  the  planet  and  the  crescents.   Pig.  It 
is  a  view  delineated  by  (Jassendue,  a  cele- 
brated French  philosopher.     It  represents  the 
planet  aB  a  large  ellipsoid,  having  a  large  cir- 
caUr  opening  near  each  end,  and  if  this  repre- 
aenlalion  were  the  true  one,  each  opening 
wonid  be  el  losHt  30,000  mile*  in  diameter. 
Fig.  13,  which  i>  peihspa  the  m«t  singular 
of  the  whole,  is  said  to  be  one  of  the  views  of 
this  planet  given  by  Ricciolue.    It  repreeenti 
two  globes,  each  of  which,  in  the  proportiMi 
they  here  besr  to  Satnm,  must  be  more  than 
30,000  miles  in  diameter.   These  globes  were 
conceived  as  being  attached  to  the  body  of 
Saturn  by  corvee  or  bands,  Mch  of  which,  in 
the  proportion  repreeented,  must  have  been  si 
least  TOOD  miln  in  breadth,  and  nearly  40,000 
ng,  tathoc  of  the  Stieni^raphia  and  other   mile*  long.    This  wonlJ  have  exhibited  tlie 
wMfca,  made  many  observations  on  this  planet   planet  Satnm  as  a  Btill  more  nngolar  body 
■boat  the  years  1643,  1649,  and   1650,  m   than  what  we  have  foond  it  to  be;  but  no 
which  he  appears  to  have  olitained  diSerent   soch  construction  of  a  planet  has  yet  been 
views  of  the  planet  and  its  aHietidages,  gra-   found  in  the  nniverse,  not  is  it  probable  that 
dually  approiimatii^  to  the  truth,  but  atiU    such  a  fcrm  of  a  planetary  body  exists. 
incorrect.     These  views  are  repreeented  in       It  is  remsrkablB  that  only   two   general 
figures  4,  6,  8,  and  7,     Fig.  4  nearly  resem-    opinions  should  have  been  formed  respecting 
hies  two  bemispheree,  one  on  each  side  of  the   the  construction  of  Saturn,  as  appears  from 
globe  of  Stttnin.  The  other  Bgnree  very  nearly   these  reprewjntstionB :  athei  thst  this  planet 
resemble  the  extremepartaofthe  ring  a«  seen   wai  composed  of  throe  distinct  parts,  separalo 
through  a  good  telescope,  but  he  still  seems  to   from  esch  other,  or  that  the  appendage  on 
have  considered  tbem  as  detached  from  each   each  side  was  fixtd  to  ^  body  of  the  planet 
other  at  *cll  as  from  Salnm.    Figures  8  and   The  idea  of  a  ting  snrrounding  the  body  of 
9  are  views  given  by  Ricciolus  at  a  period   the  planet  at  s  certain  distance  from  erery 
poeterior  to  that  in  which  bo  supposed  Ssmm    part  of  it  aeems  never  to  baye  been  Uiooght  of 
and  hi*  appendages  in  the  form  deUneated  in   rill  iheeelebraled  HuyErns,in  1H55, 165e,alJ 
llg.  3.    In  theae  lut  delineation*  the  planet   \Zbl,  by  nnmetons  observations  made  on  this 
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planet,  oompletelf  demonstrated  tliat  it  is  mir-  the  late  Sir  W.  Heracfaet,  wbo  made  nmnerooi 
founded  by  a  solid  and  permanent  ring,  which  observations  on  this  planet,  and  likewise  asoer' 
never  changes  its  situation,  and,  without  touch-  tained  that  the  ring  performs  a  levdntioo 
ing  the  body  of  the  planet,  accompanies  it  in  round  the  planet  in  ten  hours  and  tiurtj 
its  revolution  around  the  sun.    As  the  cause   minutes. 

of  all  the  erroneous  opinions  above  stated  was  Of  late  years,  some  observers  have  supposed 
owing  to  the  imperfection  of  the  telescopes  that  the  exterior  ring  of  Saturn  is  divided  into 
which  were  then  in  use,  and  their  deficiency  several  parts,  or,  in  other  words,  that  it  con- 
in  magnUying  power,  this  ingenious  astrono-  sists  of  two  or  more  concentric  rings.  The 
mer  set  himself  to  work  in  order  to  improve  following  are  some  of  the  observations  on 
te!escopes  for  celestial  observations.  He  im-  which  this  opinion  is  founded.  They  are 
proved  the  art  of  grinding  and  polishing  ob-  chiefly  extracted  from  Captain  Rater's  paper 
ject-ghisses,  which  he  finished  with  his  own  on  this  subject,  which  was  read  before  the 
hands,  and  produced  lenses  of  a  more  correct  Astronomical  Society  of  London, 
figure,  and  of  a  longer  focal  distance,  than  The  observations,  we  are  told,  were  made 
what  had  previously  been  accomplished.  He  in  the  years  1825  and  1826,  and  remained 
first  constructed  a  telescope  12  feet  long,  and  unpublished  firom  a  wish  on  the  pert  of  the 
afterward  one  23  feet  long,  which  magnified  observer  to  witness  the  appearances  again, 
about  95  times ;  whereas  Galileo's  best  tele-  The  planet  Saturn  has  lieen  much  observed 
scope  magnified  only  about  33  times.  He  by  Captain  Kater  for  the  purpose  of  trying 
afterward  constructed  one  123  feet  long,  the  light,  dec,  fiir  which  the  ring  and  satel- 
which  magnified  about  220  times.  It  was  lites  are  good  tests.  The  instruments  which 
used  without  a  tube,  the  object-glass  being  were  employed  in  the  present  investigations 
placed  upon  the  top  of  a  pole,  and  connected  were  two  Newtonian  reflectors,  one  by  Wat- 
by  a  con]  with  the  eyepiece.  With  such  son,  of  40  inches  focus  and  fi^th  aperture, 
telescopes  this  ingenious  artist  and  mathema-  and  another  by  DoUond,  of  68  inches  focus 
tician  discovered  the  fourth  satellite  of  Saturn,  and  fifths  aperture.  The  first,  under  favour- 
and  demonstrated  that  the  phenomenon  which  able  circumstances,  gave  a  most  excellent 
had  been  so  egregiously  misrepresented  by  image ;  the  latter  is  a  veiy  good  instrumenL 
preceding  astronomers  consisted  of  an  im-  The  following  are  extracts  from  the  author's 
mense  ring  surrounding  the  body,  and  com-    journal : 

pletely  detached  fix>m  it  His  numerous  Nov,  25,  1825.  The  double  ring  beauti- 
observations  and  reasonings  on  this  subject  fully  defined,  perfectly  distinct  all  around,  and 
were  published  in  Latin  in  1659,  in  a  quarto  the  principal  belts  well  seen.  I  tried  many 
volume  of  nearly  100  piiges,  entitled  <'  Syate-  concave  glasses,  and  found  that  the  image 
ma  Satumium,  give  de  eausU  nurandarum  was  much  sharper  than  witli  convex  eye- 
Satumi  Phenomenon,  et  ConUie  ejits  Plane'  glasses,  and  the  light  apparently  much  greater, 
to  Nova,**  firom  which  work  the  figures  and  I)ollond,  259,  the  best  power,  480,  a  single 
some  of  the  facts  stated  above  have  been  ex-  lens,  very  distinct.  Nov.  30,  the  night  veiy 
tracted.  favourable,  but  not  equal  to  the  25th.    The 

oir  THE  svpposKD  siTisioirs  OF  THi  1XT»-    f^*erior  ring  of  Saturn  is  not  so  bright  as  the 
KioE  niKo  OF  sATiTKir.  interior,  and  the  interior  is  leas  bright  close  to 

.  , .       L.  i_  T*  ^^  ®^8®  ^®**  ^  planet    TTie  inner  edge 

From  the  period  m  which  Huygens  lived  appears  more  yellow  than  the  rest  of  Oie  ring, 

tiU  the  time  when  Herschel  applied  his  large  and  nearer  in  colour  to  the  body  of  the  ^anet 

telescopes  to  the  heavens,  few  discoveries  were  Dec.  17.   The  evening  extremely  fine.    With 

made  in  relation  to  Saturn.   Cassini,  in  1671,  DoUond  I  perceived  the  outer  ring  of  Saturn 

dwcovcred  the  fifth  satellite  of  this  planet;  in  to  be  darker  than  the  inner,  and  the  division 

1672,  the  third ;  and  the  first  and  second  in  of  the  ring  all  around  with  perfect  distinet- 

March,  1684.  In  1675,  Cassini  saw  the  broad  ness ;  but  with  Watson  I  fanded  that  I  skw 

side  of  Its  nng  bisected  quite  round  by  a  dark  the  outer  ring  tepartOed  by  numertms  dark 

elliptical  line,  of  which  the  inner  part  appeared  (Kvisione  extremely  chae,  one  sirm^er  than 

bnghter  than  the  outer.    In  1722,  Mr.  Had-  the  rest,  dividing  the  ring  about  equally. 

ley,  with  his  five-feet  Newtonum  reflector,  ob-  This  was  seen  ^th  my  most  perfect  sinrfe 

^m    1   "^  phenomenon,  and  perceived  eyeglass  power.    A  careful  examination  of 

ttat  the  dark  Ime  was  stronger  next  the  body,  aoroe  hours  confirmed  this  opinion.    Jan.  16 

wtlY^^^^^'t'^^f  "P,P®'*^«*,®^***^™«-  ^«^  17,  1826.  Captain  Kater  beljpved  thai 
WUhm  the  nng  he  also  discovered  two  belts   he  saw  the  divi«ons  with  the  Dollond,  but 

iS^r  ^K  •  I?  ""l  f^^\  ^V*  ^^  "^  ^«  "°t  I^ti^«-  Concave  eyeglasses  found 
wear  that  they  had  any  idea  that  this  dark   to  be  suVSor  to  convex.    fE.  26,  1886. 

SJo  Zi^'^^^K-'^  separating  the  nng  into  The  division  of  the  outer  ring  not  seen  with 
<90^  discovery  was  reserved  for  DoUond.    On  the  17th  Dec,  when  the  dtvi 
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rioDfl  were    moit    distinctly  aeen,    Captain  mentioned  this  the  following  day  to  M.  de  la 

Kater  made  a  drawing  of  the  appearance  of  Place,  who  observed  that  "  those,  or  even 

Saturn  and  his  rings.    The  phenomena  weqe  more  divisions,  were  conformable  to  the  sys- 

witnessed  by  two  other  persons  on  the  same  tem  of  the  world.**    On  the  other  hand,  the 

evening,  one  of  whom  saw  several  diviatons  division  of  the  outer  ring  was  not  seen  by  Sir 

in  the  outer  ring,  while  the  other  saw  one  W.  Herschel  in  1792,  nor  by  Sir  J.  Herschel 

middle  division  only;  but  the  latter  person  in  1826, nor  by  Struve  in  the  same  year;  and 

was  short-sighted,  and  imaccustomed  to  tele-  on  several  occasions  when  the  atmospheric 

scopic  observations.  It  may  be  remarked,  how-  conditions  were  most  £ivourable,  it  has  not 

ever,  that  these  divisions  were  not  seen  on  been  seen  by  Captain  Kater.    It  has  been 

other  evenings,  which  yet  were  considered  remarked  by  Sir  W.  Henchel,  Struve,  and 

very  fevourable  for  distinct  vision.  others,  that  the  exterior  ring  is  much  less 

It  is  said  that  the  same  appearances  were  brilliant  than  the  interior ;  and  it  is  asked, 

seen  by  Mr.  Short,  but  the  original  record  of  May  not  this  want  of  light  in  the  outer  ring 

his  observations  cannot  be  found.    In  La-  arise  from  its  having  a  very  dense  atmosphere  t 

lande's  Astronomy  (3d  edition,  article  335 H  and  may  not  this  atmosphere  in  certain  states 

it  is  said,  **  Cassim  remarked  that  the  breadth  admit  of  the  divisions  of  the  exterior  ring 

of  the  ring  was  divided  into  two  equal  parts  being  seen,  though,  under  other  circumstances, 

by  a  dark  line  having  the  same  curvature  as  they  remain  invisible  ?     The  above  observa- 

the  ring,  and  the  exterior  portion  was  the  less  tions  are  said  to  have  been  confirmed  by  some 

light    Short  told  me  that  he  observed  still  recent  observations  by  Decuppis  at  Rome,  who 

more  singular  phenomena  with  his  large  tele-  announced,  some  years  ago,  that  Saturn's 

scope  of  12  feet  *The  breadth  of  the  ansa,  outer  ring  is  divided  into  two  or  three  con* 

or  extremities  of  the  ring,  was^  according  to  centric  rings. 

him,  divided  into  two  parts,  an  inner  portion  Some  of  the  observations  stated  above,  were 
without  any  break  in  the  illumination,  and  an  they  perfectly  correct,  would  lead  to  the  con- 
outer  divided  by  several  lines  concentric  with  elusion  that  Saturn  is  encompassed  with  a 
the  circumference,  which  would  lead  to  a  be-  number  of  rings  concentric  with  and  parallel 
lief  that  there  are  several  rings  in  the  same  to  each  other.  But  while  such  phenomena 
plane,*^  De  Lambre  and  Birt  severally  state  as  described  above  are  so  seldom  seen^  even 
mat  Short  saw  the  outer  ring  divided,  proba-  by  the  most  powerful  telescopes  and  the  most 
bly  on  the  authority  of  Lalande.  In  Brew-  accurate  observers,  a  certain  degree  of  doubt 
ster's  Ferguson* s  Astronomy,  voL  ii.  p.  125,  must  still  hang  over  the  subject;  and  we  must 
2d  edition,  there  is  the  following  note  on  this  tospend  our  opinion  on  this  point  till  future 
subject :  '*  Mr.  Short  assures  us  that  with  an  observations  shall  either  confirm  or  render 
excellent  telescope  he  observed  the  surfitce  of  doubtful  thoee  to  which  we  have  referred, 
the  ring  divided  by  several  dark  concentric  Should  the  Earl  of  Roase's  great  telescope, 
lines,  which  seem  to  indicate  a  number  of  when  finished  for  observation,  be  found  to 
rings  proportional  to  the  number  of  dark  lines  perform  according  to  the  expectations  now 
whieh  he  perceived."  entertained,  and  in  proportion  to  its  size  and 

In  December,  1813,  at  Paris,  Professor  quaiftity  of  light,  we  shall  expect  that  our 
Quetelet  saw  the  outer  ring  divided  with  the  doubts  will  be  resolved  in  regard  to  the  sup- 
achromatic  telescope  of  ten  inches  aperture,  posed  divisionfl  of  the  ling  of  Saturn. 
idiich  was  exhibited  at  the  exposition,    fie 

(WD 
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BRIEF  DESCRIPTION  OF  THE  EARL  OF  ROSSE'S  TELESCOPE. 

This  telescope,  the  largest  and  most  mag^  from  the  furnace  to  the  mould,  w'oifSU 

nificent  that  ever  was  attempted,  reflects  the  placed  in  a  line  with  the  chimney  and  crane, 

greatest  honour  on  the  genius,  the  inventiye  and  had  three  iron  baskets  supported  on  pivots 

powers,  and  the  scientific  acquirements  of  its  hung  round  it;  and  fiiur  feet  further  on  was 

noble  contriver,  as  well  as  on  the  elevated  the  annealing  oven.    The  crucibles  which 

station  in  which  he  is  placed.     With  nmk  contained  the  metal  were  each  two  feet  in 

and  fortune,  and   every  circumstance  that  diameter,  3J  deep,  and  together  weighed  one 

usually  unfit  men  for  scientific  pursuit,  he  ton  and  a  halt    They  were  of  cast  iron,  and 

has  set  a  bright  examplo-  to  his  compeers  of  made  to  fit  the  baskets  at  the  side  of  the 

the  dignity  and  utility  of  philosophical  studies  mould.    These  baskets  were  hung  on  wooden 

and  investigations,  and  of  the  aids  they  might  uprights,  or  pivots ;  to  one  of  these,  on  eath 

render  to  i^e  progress  of  science,  were  their  side,  was   attached  a  lever,  by  depreaaing 

wealth  and  pursuits  directed  in  a  proper  which  it  might  be  turned  over,  and  the  oon- 

ehanneL  tents  of  the  cruc&le  poured  into  the  mould. 

Previously  to  his  lordship's  attempting  the  The  bottom  of  the  mould  was  made  by  Innd- 
construction  of  his  largest,  or  ^  Monster  Tele-  ing  together  tightly  layers  of  hoop  iron,  and 
scope,"  he  had  constructed  one  with  a  specu-  turning  the  required  shape  on  them  edgewise, 
lum  of  three  feet  in  diameter,  whidi  was  con-  This  mould  conducted  the  heat  away  through 
sidered  one  of  the  most  accurate  and  powerful  the  bottom,  and  cooled  the  metal  towards  the 
instruments  that  had  ever  been  made,  not  ex-  top  in  infinitely  small  layers,  while  the  inter- 
cepting even  Sir  W.  Herschers  forty  feet  slices,  though  close  enough  to  prevent  the 
reflector.     In  the  account  of  this  telescope  metal  firom  escaping,  were  sufficiently  open  to 
published  in  the  Philosophical  Transactions  allow  the  air  to  penetrate.    This  bottom  was 
for  1 840,  his  lordship  speaks  of  the  possibility  six  feet  in  diameter  and  5j  inches  thick,  and 
-ai  a  speculum  of  six  feet  in  diameter  being  was  made  perfectly  horizontal  by  means  of 
casL    At  that  time  it  was  considered  by  some  spirit  levels,  and  was  surrounded  by  a  wooden 
as  little  short  of  a  chimera  to  attempt  the  frame.    A  wooden  pattern,  the  exact  size  of 
construction  of  such  a  monstrous  instrument;  the  speculum,  being  placed  on  the  iron,  sand 
but  the  idea  no  sooner  occurred  to  this  in-  was  well  padced  between  it  and  the  frame, 
genious  and  persevering  nobleman  than  he  and  the  pattern  was  removed.     Each  of  the 
determined  to  put  it  to  the  test,  and  the  result  crucibles  containing   the  melted  metal  was 
has   been  attended  with   complete  success,  then  pMbed  in  its  basket,  and  every  thing  be- 
The  materials  of  which  this  speculum  is  com-  ing  ready  for  discharging  their  contents,  they 
posed  are  copper  and  tin,  united  veiy  nearly  were  at  the  same  instant  turned  over,  and  the 
in  their  atomic  proportions,  namely,  copper  mould  being  filled,  the  metal  in  a  short  time 
126.4  parts,  to  tin  58.9  parts.    This  com-  safely  set  into  the  required  figure.     While  it 
pound  has  a  specific  gravity  of  8.8,  and  is  was  red  hot,  and  scarcely  solid,  the  firamewoik 
found  to  preserve  its  lustre  with  more  splen-  was  removed,  and  an  iron  ring  connected 
dour,  and  to  be  more  free  from  pores  than  with  a  bar  which  passed  through  the  oven 
any  other.    A  foundry  was  constructed  ex-  being  placed  round  it,  it  was  drawn  in  by 
pressly  for  the  purpose  of  casting  the  specu-  means  of  a  capstan  at  the  other  side,  on  a 
lum.     Its  chimney,  built  from  the  ground,  railroad,  when  charcoal  being  lighted  in  the 
was  18  feet  high,  and  16^  square  at  the  base,  oven,  and  turf  fires  underneath  it,  all  the 
tapering  to  four  at  the  top.    At  each  of  its  openings  were  built  np,  and  it  was  left  for 
sides,  communicating  with  it  by  a  flue,  vras  sixteen  weeks  to  anneaL     It  was  cast  on  the 
sunk  a  furnace  eij^ht  feet  deep  and  5j  square,  13th  of  April,  1842,  at  9  o'clock  in  the  even- 
with  a  circular  oT'Cning  four  feet  in  diameter,  ing.    The  crucibles  were  ten  houn  heatini^ 
About  seven   fe^t  from  the   chimney  was  in  the  furnaces  before  the  metal  was  iutro- 
erected  a  large   Trane,  with   the  necessary  duced,  which  in  about  ten  hours  more  was 
tackle  for  elevat>2  and  carrying  the  crucibles  sufficiently  fluid  to  be  poured.    WHen  the 
<90S) 
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9wn  was  cpened  the  speculnm  was  found  as  the  grinding  is  continued ;  bat  if  they  appesir 

perfect  as  when  it  entered  it    It  was  then  satislactorilyy  the  polishing  is  oommenceo*  It 

removed  to  the  grinding  machine,  where  it  required  six  weeks  to  grind  it  to  a  fiur  sur- 

nnderwent  that  process,  and  afterward  was  face.    The  poHsfaer  was  cut  into  grooves,  to 

polished,  without  any  accident  having   oo-  prevent  the  abraded  matter  from  accumulating 

curred.  in  some  places  more  than  in  others ;  a  thin 

This  speculum  weighed  three  tons,  and  layer  of  pitch  was  spread  over  it;  it  was 

lost  about  one-eighth  of  an  inch  in  grinding,  smeared  over  with  rouge  and  water,  and  a 

Lord  Rosse  has  innce  cast  another  speculum  supply  of  it  kept  up  till  the  machinery  brought 

of  the  same  diameter  four  tons  in  weight,  it  to  a  fine  black  polish.    The  length  of  time 

He  can  now,  with  perfect  confidence,  under*  employed  for  polidiing  the  three  feet  specu- 

take  any  casting,  so'  great  an  improvement  lum  was  six  hours^* 

has  the  form  of  mould  which  he  has  invented  This  large  telescope  is  now  completed,  or 

proved.     The  speculum  was  placed  on  an  nearly  so.    The  tube  is  56  feet  long,  includ- 

equilibrium  bed,  composed  of  nine  pieces,  ing  the  speculum  box,  and  is  made  of  deal 

resting  on  points  at  their  centres  of  gravity,  one  inch  thick,  hooped  with  iron*    On  the 

The  ^aeces  were  lined  with  pitch  and  felt  be-  inside,  at  intervals  of  eight  feet,  there  are 

fore  the  speculum  was  placed  on  them.    The  rings  of  iron  three  inches  in  depth  and  one 

speculum  box  is  also  lined  with  felt,  and  inch  broad,  for  the  purpbse  of  strengthening 

pitched :  this  prevents  any  sudden  change  of  the  sides.    The  diameter  of  the  tube  is  seven 

temperature  affecting  the  speculum  by  means  feet  It  is  fixed  to  mason-work  in  the  groun«1 

of  the  bad  conducting  power  of  the  substances  by  a  large  universal  hinge,  which  allows  it  to 

employed.    A  vessel  of  lime  is  kept  in  con-  turn  in  all  directions.    At  13  feet  distance 

nexion  with  the  speculum  box  to  absorb  the  on  each  side  a  wall  is  built,  72  feet  long,  48 

moisture,' which  otherwise  might  injure  the  high  on  the  outer  side,  and  66  on  the  inner, 

mirror.    The  process  of  grinding  was  con-  the  walls  being  24  feet  distant  from  each 

ducted  und^  water,  and  the  moving  power  other,  and  lying  exactly  in  the  meridianal 

employed  was  a  steam-engine  of  three  horse  line.    When  directed  to  the  south,  the  tid)e 

power.    The  polisher  is  connected  with  the  may  be  lowered  till  it  becomes  almost  hori- 

machinexy  by  means  of  a  large  ring  of  iron,  zontal ;  but  when  pointed  to  the  north,  it  only 

which  loosely  encircles  it;- and  instead 'of  falls  till  it  is  parallel  with  the  earth's  axis, 

either  the  speculum  or  the  polisher  being  pointing  then  to  the  pole  of  the  heavens.  Its 

stationary,  both  move  with  a  regulated  speed,  lateral  movements  taJte  place  only  from  wall 

The  ring  of  the  polisher,  and  therefore  'the  to  wall,  and  this  commands  a  view  for  half 

polisher  itself,  has  a  transverse  and  a  longi-  an  hour  on  each  side  of  the  meridian ;  that  is, 

tudinal  motion ;  it  makes  80  strokes  in  the  the  whole  of  its  motion  from  east  to  west  is 

minute,  and  24^  strokes  backward  and  for-  limited  to  15  degrees.    At  present  it  is  fitted 

ward  for  every  revolution  of  the  mirror,  and  up  in  a  temporary  way  to  be  used  as  a  transit 

at  the  saUie  time  IjVff ^  strokes  in  the  trans*  instrument ;  but  it  ia  ultimately  intended  to 

verse  direction.    The  extent  of  the  latter  is  connect  with  the  tube-end  galleries  machinery 

I'J'jths  of  the  diameter  of  the  speculum.  The  which  shall  give  an  automaton  movement,  so 

substance  made  use  of  to  wear  down  the  sur-  that  the  telescope  shall  be  used  as  an  equa- 

fece  was  emery  and  water :  a  constant  supply  tonal  instrument    All  the  works  connected 

of  these  was  kept  between  the  grinder  and  with  this  instrument  are  of  the  strongest  and 

the  speculum.    The  grinder  is  nmde  of  cast  safest  kind;  all  the  iron  work  was  cast  in  his 

iron,  with  grooves  cut  lengthwise,  across,  apd  lordship's  laboratory  by  men  instructed  by 

circularly  on  its   fece.     The    polisher  and  himself,  and  every  part  of  the  machinery  was 

speculum  have  a  mutual  action  upon  each  made  under  his  own  eye  by  the  artisans  in 

other :  in  a  few  hours,  by  the  help  of  the  his  own  neighbourhood,  and   not  a  single 

emery  and  water,  they  are  both  ground  truly  accident  worth  mentioning-  happened  during 

circular,  whatever  may  have  been  their  pre-  the  whole  proceeding. 

vious  defects.    The  grinding  is  continued  till  The  expense  incurred  by  his  lordship  m  the 

the  required  form  of  surface  is  produced,  and  erection  of  this  noble  instrument  was  not  less 

this  is  ascertained  in  the  following  manner :  than  tioehe  thousand  pounds !  besides  the 

there  is  a  high  tower  over  the  house  in  which  money  expended  in  the  construction  of  the 

the  speculum  is  gp!t>und,  on  the  top  of  which  telescope  of  three  feet  diameter.    Sufficient 

is  fixed  a  pole,  to  which  is  attached  the  dial  ^,^     ^       .       ...     wu          ..^ 

c         «.  u     *u       * 1^^ »k:«u  ^■^. ♦  The  above  descriptlOD  has  been  teleeted  and 

of  a  watch;  there  are  trap-doors  which  open,  ^y^^^^^  from  a  small  volume   entiiled   ♦*The 

and  by  means  of  a  temporary  eyepiece,  allow  Monster  Telescope,  erected  by  the  Earl  of  Rosse, 

the  figure  of  the  dial  to  be  seen  in  the  specu-  Parsontown."   and   also   from  the  "Illustrated 

!««.   K«^..  K*.  ♦«  «  -i;«i,»  r^i;<,)«      W  \\xl ArA^  London  News'*  of  September  9ih,  1843.    In  the 

lum  brought  to  a  shght  pohsh.    ff  ™e  dote  ^^,„^^  ^„„j„j  ^^  ^  ^^^^  particular  dei<crlptioa 

on  the  dial  are  not  sufficiently  well  defined,  will  be  found,  accompanied  with  engraviiuii. 
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time  has  not  yet  been  afforded  for  making  and  the  *'  lUiutrated  London  Newi*  of  AfvA 

paitieular  obeervations  with  tfaia  telescope;  19: 

but  (rom  slight  trials  which  have  been  made,       **  The  night  of  the  6th  of  March,  1845, 

even  under  un&vourable  ciicumstances,  it  pro-  was  the  finest  I  ever  saw  in  Ireland.    Many 

mises  important  results.    Its  great  superiority  nebals  were  observed  by  Lord  Rosse,  Dr. 

over   every  telescope  previously  oonatiucted  Robinson,  and  myself.    Most  of  them  w^re, 

consists  in  the  great  quantity  of  light  it  reflects,  for  the  first  time  since  their  creation,  seen  by 

and  the  brilliancy  with  which  it  exhibits  ob-  us  as  groups  or  clusters  of  stars ;  while  some, 

jects,  even  when  high  powers  are  applied.  It  at  least  to  my  eyes;  showed  no  such  resolu- 

has  a  reflecting  surfiioe  of  4071  square  inches,  tion.    Never,  however,  in  my  life  did  I  see 

while  that  of  Herschel's  40  feet  telescope  had  such  glorious  sidereal  pictures  as  this  instm- 

only  1811  square  inches  on  its  polished  sur>  mentafibrded  us.  Most  of  the  nebuls  we  saw 

face,  so  that  the  quantity  of  light  reflected  I  certainly  have  observed  with  my  own  achro- 

from  the  speculum  is  oonnderably  more  than  matic ;  but  although  that  instrumient,  as  &r 

double  that  of  Herschel's  lai:g;est  reflector,  as  relates  to  magnifying  power,  is  probably 

This  instrument  has  already  exceeded  his  inferior  to  no  one  in  existence,  yet  to  compare 

lordship's  expectations.     Many  appearances  these  nebulie,  as  seen  with  it  and  the  six-feet 

before  inviisible  in  the  Moon  have  been  per-  telescope,  is  like  comparing,  as  seen  with  the 

ceived,  and  there  is  every  reason  to  expect  naked  eye,  tiie  dinginess  of  the  planet  Saturn 

that  new  discoveries  will  be  made  by  it  in  the  to  the  brilliam^  of  Venus.    The  most  pc^o- 

NebidaSf  double  and  triple  stars,  and  other  larly-known  nebula  observed  this  night  were 

celestial  objects.    The  following  is  an  extract  the  ring  nebuls  in  the  Ccmes  Venatid,  or  the 

of  a  communication  firom  Sir  James  South  on  61st  of  Messier's  catalogue,  which  was  re- 

this  subject,  addressed  to  the  editor  of  the  solved  into  stars  with  a  magnifying  power  of 

**  Times  ;**  **  The  leviathan  telescope  on  which  648,  and  the  94th  of  Messier,  which  is  in  tho 

the  Earl  of  Roase  has  been  toiling  upward  of  same  constellation,  and  which  was  resolved 

two  years,  although  not  absolutely  finished,  into  a  large  globular  cluster  of  stars,  not  much 

was  on  W^nesday  last  directed  to  the  sidereal  unlike  the  well-known  cluster  in  Herculea, 

heavens.    The  letter  which  I  have  this  mom-  called  also  the  13th  of  Messier."     Perfection 

ing  received  from  its  noble  maker,  in  his  usual  of  figure,  however,  of  a  telescope  must  be 

unassuming  style,  merely  states  that  the  metal,  tested,  not  by  nebula,  but  by  its  penormanoe  on 

only  just  policed,  was  of  a  pretty  good  figure,  a  star  of  the  first  magnitude.    If  it  will,  under 

and  that  with  a  power  of  500  the  nebula  high  power,  show  the  star  round  and  firee  from 

known  as  No.  2  of  Messier's  catalogue  was  optical  appendages,  we  may  safely  take  it  for 

even  more  magnificent  than  the  nebula  No.  granted  it  will  not  only  show  nebula  wall, 

13  of  Messier,  when  seen  with  his  lordship's  but  any  other  celestial  object  as  it  ought.    To 

telescope  of  three  feet  diameter  and  27  feet  determine  this  point,  the  telescope  was  directed 

focus.     Cloudy  weather  prevented  him  from  to  Regutus  with  the  entire  aperture,  and  m, 

turning  the  leviathan  on  any  other  nebulus  power  of  800,  and  *'  I  saw,"  says  Sir  James, 

object  Thus,  then,  we  have  all  danger  of  the  "  with  inexpressible  delight,  the  star  Iree  from 

metal  breaking  before  it  could  be  polished  wings,  tails,  or  optical  appendages;  not  indeed, 

overcome.   Little  more,  however,  will  be  done  like  a  plainetary  disk,  as  in  my  large  achroraa- 

with  it  for  some  time,  as  the  earl  is  on  the  eve  lie,  but  a  round  image  resemUing  voltaic  light* 

of  quitting  Ireland  for  England  to  resign  his  between  charcoal  points ;  and  so  little  abcarra- 

post  at  York  as  president  of  the  British  Asso-  tion  had  this  brilliant  image,  tiiat  I  could  have 

ciation.    I  look  forward  with  intense  anxiety  measured  its  distance  from,  and  position  with 

to  witness  its  first  severe  trial,  when  all  its  any  of  the  stars  in  the  field  with  a  spider's- 

various  appointments  shall  be  completed,  in  line  micrometer,  and  a  power  of  1000,  without 

the  confidence  that  those  who  may  then  be  the  slightest  difficulty ;  for  not  only  was  the 

present  will  see  with  it  what  man  has  never  large  star  round,  but  the  telescope^  although 

seen  before.    The  diameter  of  the  large  metal  in  the  open  air,  and  the  wind  blowing  rather 

is  six  feet,  and  its  focus  54  feet ;  yet  the  im-  fresh,  was  as  steady  as  a  rock." 
mense  massis  manageable  by  one  man.  Com-       "  On  subsequent  nights,  observations  of 

pared  with  it,  the  working  telescopes  of  Sir  other  nebula,  amounting  to  some  thirty  or 

William  Herscbel,  which  in  his  bauds  con-  more,  removed  most  of  them  from  the  list  of 

ferred  on  astronomy  such  inestimable  service,  nebula,  where  they  had  long  figured,  to  that 

and  on  himself  astronomical  immortaUty,  were  of  clusters ;  while  some  of  these  latter,  more 

but  playthings."  especially  the  5th  of  Messier,  exhilHted  a  si- 

The  following  is  a  more  recent  account  of  dereal  picture  in  the  telescope  such  as  man 

observations  maide  by  this  telescope,  chiefly  before  had  never  seen,  and  which  for  its  mag 

extracted  firom  Sir  James  Sonth's  description,  nificence  baffles  all  description.     Several  don 

inserted  in  the  Jlmea  of  April  16th,  1845,  ble  stars  were  seen  with  various  apertures  of 
(910) 
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Ao  telSKopa,  and  with  powers  between  360  the  Icleeeope  may  be  Ml  yerj  RCcurately 
and  600  -,  and  a>  the  tail  bad  before  told  ui  in  the  plane  of  the  meridian.  On  Qui 
vn  ihoold — before  [be  ipocnlum  ww  inaerted  bnf  line*  aie  drawn,  the  interrat  between 
in  the  tube,  io  eenaequence  of  hia  hiving  en;  adjoining  two  of  which  corretponds  to 
been  obliged  to  quit  the  lupeiintendence  of  one  minute  of  time  on  tbe  equalor.  The 
the  pollihiiig  at  the  moet  critical  part  of  the  tubeBndBpeeuliiin,inelDdingthebtid  on  which 
proeeaj — we  found  that  a  ring  about  rii  the  ipecalum  nets,  weigh  about  15  tons.  The 
inchn  brood,  leckoning  from  the  circuiofer-  telescope  rests  on  a  univerral  joint,  placed  on 
ence  of  the  speculuin,  wm  not  perfectly  po-  masonry  about  six  feet  below  the  ground,  and 
lished,  uid  to  tka:  the  littie  imdiation  seen  is  elev^ed  or  deprened  by  a  chain  and  wind- 
about  Regulus  was  unquestionably  leferrible.  Un;  and  although  it  weighs  about  16  tons. 
The  only  double  stars  t^  the  Gnt  class  which  the  instrument  ia  raised  by  two  men  with 
the  weather  permitted  us  to  examine  with  it  great  facility  :  of  course,  it  is  countecpoised 
were  Xi  Urse  Majoris,  and  Qamma  Virginia,  in  erery  direction.  Tbt  observer,  when  at 
irtiich  1  could  have  mesaured  with  tbe  greateat  work,  stands  in  one  of  four  galleries,  the  three 
conSdonce.  D' Arrest's  comet  we  obsBrved  on  highest  of  which  are  drawn  out  from  the 
the  IStb  of  March,  with  a  power  of  400,  but  western  wall,  while  tbe  fonrth  or  laweel  has 
nothing  worthy  ofnotiee  was  deteeled.  Of  for  its  baae  an  derating  platform,  along  the 
the  Moon,  a  few  words  must  suffice.  Its  ap-  horizontal  sur&ce  of  which  a  gallety  ^idea 
pearance  in  my  large  achromatic  of  12  inchei  from  wall  to  wall  by  a  machinery  within  the 
apertare  to  linown  to  hundreds  of  readers  ;  obserrer's  reach,  but  which  a  child  may  work. 
let  them  then  imagine  that  with  it  they  took  When  tbe  telescope  is  about  balf  an  hour 
at  the  moon,  while  with  Lard  Kosse's  aii-feet  east  oT  tbe  roeridiau,  the  galleries,  banging 
&ey  look  into  it,  and  they  will  not  form  a  over  the  gap  between  the  walls,  present  to  a 
Tery  erroneons  opinion  of  ^e  performance  of  spectator  below  an  appearance  somewhat  dan- 
tiie  leviathan.  On  the  16th  of  March,  when  geroua;  yet  the  obaerrer,  with  common  pni- 
the  moon  was  seven  days  old,  I  neTsr  saw  dence,  ia  as  safe  as  on  the  ground,  and  each 
her  Dnilluminated  disk  so  beauliftllly,  nor  her  of  the  galleries  can  be  drawn  from  the  wall 
mountains  so  temptingly  measnrable.  On  to  the  telescope's  side  so  readily,  that  the  ob. 
my  fint  looking  into  the  telescope,  a  star  of  server  needs  no  one  else  to  move  it  for  him. 
about  the  seventh  magnitude  was  some  mi-  The  following  figure  (98)  repreecnta  only 
niites  of  a  degree  from  the  moon's  dark  limb,  the  upper  part'of  the  tube  of  the  telescope,  at 
and  ilB  ocFuilatian  by  tbe  moon  appeared  in-  which  the  observer  standu  when  making  hia 
«vitable.  The  star,  however,  instead  of  dia-  observations.  The  telescope  ia  at  present  of 
appearing  the  moment  the  moon's  edge  came  the  Newtonian  construction,  and,  conse> 
in  contact  with  it,  apparently  glided  on  tbe  quently,  the  observer  looks  into  the  aide  of 
moon's  dark  face,  as  if  it  had  been  seen  the  tube  at  the  upper  end  of  the  telescope ; 
through  a  transparent  moon,  or  as  if  the  star  but  it  is  propasod  to  throw  aside  the  plane 
were  between  me  and  the  moon.  It  remained  speculum,  and  to  adapt  it  to  the  front  vieiv, 
'a  disk  nearly 


two  seconds  of  ti 
then  disappeared.  I  have 
seen  this  apparent  projec- 
tion of  a  star  on  the  moan's 
face  several  times,  but  from 
the  great  brilliancy  of  the 
star,  this  was  the  most 
beautiful  I  ever  saw.  Tbe 
cause  of  this  )Jienomenon 
is  involved  in  impenetrable 

llie  following   is  a   re- 
preaentation    of  the    great 
Reese  telescope,  along  with 
part  of  tbe  buildings  with  • 
whidi  it  is  connected.     In 
the  interior  faca  of  the  east- 
em    wall    a    very    strong 
iron  arc  of  about  43  feet 
radius  is  firmly  fixed,  pro-  ' 
vided     with     adjastmenta,  ■ 
wheceby  its  surfitce  facing 


Fig.  98. 
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on  tba  ptan  ilreadj  <lMcribed,(ine  pp.  Ill,  eomatau^  ThcM  lide-gBlIeriM  >i«  Oree  in 
113,  &Cn)  BO  that  th''  obaerrer  wkD  at  or  Mand  tmiuber,  tni]  eadi  lau  be  moved  from  wiQ  t« 
with  hu  back  knrarda  thi  obfect,  and  hii  kta  wall  by  the  obaerrvi  after  the  tube,  the  mo- 
looldtig  down  npoD  the  •pecuiam ;  and  in  tion  itT  which  ha  also  Bixoai[didiea  by  meana 
Ifaia  poatbco  he  will  aometiiaM  ba  elented    of  Ae  handle  O. 

between  50  and  60  ieel  abore  the  groand.  I  diaO  oondada  l^  deacriptioDof  thia  wou- 
Aa  yrt.  Iho  (eleacopn  hu  no  equatorial  mo-  dsriiil  ioatnunent  in  the  wwiJa  t^  Sir  Jamea 
tion,  bat  it  Tery  diortly  will ;  and  at  no  Ttny   Soeth : 

dialant  day,  dodiwork  will  be  oonneeted  with  "  What  wilt  be  the  power  of  thia  leleaeope 
it,  when  the  obnrtET  will,  while  otaerrilig,  when  it  hn  ita  Le  Mairean  fom"  [that  ia, 
be  almoet  aa  comfortable  ai  if  be  were  imd-  when  it  ia  Sited  up  with  the  front  view,]  "  it 
ing  at  a  deak  by  hi*  fireade.  ia  not  easy  to  diTine.     What  nebula  inll  it 

The  following  £guie  (99>  Aowa  a  aeetion  icsolve  into  Man  1  in  what  neboln  wilt  it  not 
of  the  macbifieiy  connected  with  thia  tele-  End  atoral  how  many  aateliitea  of  Saturn 
■cope.  It  eihibita  a  liew  of  the  inode  of  the  will  it  show  ua  1  bow  many  will  it  indicate  aa 
eastern  wall,  with  all  the  machinery  aa  aeen  appertaining  to  Dnniis?  how  many  nebnls 
in  aeetion.  A  ia  the  maaon  work  on  Che  neter  yet  leeo  by  mortal  eye  will  it  present 
groDnil ;  B,  the  oniTeml  joint,  which  allowa  to  us  1  what  apota  will  it  Amr  in  OD  the  t»- 
the  tube  to  turn  in  all  directioiia;  C,  the  ipe-  rious  planetal  wit!  it  telt  ua  what  cause*  the 
'  culum  in  its  tube;  D,  the  box;  £7,  the  eye-  Taiiabl*  brightneas  of  many  of  die  fixed  iCaie! 
piece ;  F,  the  morable  pulley ;  G,  tbe  fixed  will  it  give  ua  any  inlbrmBtion  u  to  the  con- 
■Hte ;  H,  the  chain  from  tbe  nde  of  the  tube ;  atituCion  of  the  planetary  nebulae !  will  it  ei- 
/,  Ibe  chain  from  the  beam ;  K,  the  comkter-  hibic  to  Da  any  aatellilei  endrding  them  t 
poise ;  L.  the  lerer ;  M,  the  chain  connecting  will  it  teil  us  why  the  satellites  of  Jupiter, 
it  with  the  tube ;  Z,  the  chain  which  panes  which  generally  pan  over  Jupiter's  fare  aa 
from  the  tube  to  the  windlsea  over  a  pulley  disks  nearly  of  whits  li^t.  eometimea  ti*- 
on  a  Iruasbeam,  which  nina  from  W  to  tbe  veiae  it  as  black  patches !  will  it  add  to  our 
same  aituation  oo  the  oppoaile  wall :  the  pul-  knowledge  of  the  physical  constmcticra  of  oe- 
ley  is  not  seen ;  X  ia  a  railroad,  on  which  the  bulousstarsT  of  that  mysterious  class  of  bo- 
Bpecnlom  ia  drawn  either  to  or  fiom  its  box :  dies  which  surround  soma  stars,  called,  for 
part  ia  cut  away,  to  ahow  the  counterptHse.  want  of  a  better  name, '  photcepheres  V  will 
The  dollod  line  a  represents  the  couna  of  it  show  the  annular  neboln  of  Lyra  merely  aa 
the  weiglit  JI  as  the  tube  riaea  or  falla :  it  a  brilliant  luminoos  ring,  or  will  it  exhibit  it 
is  s  segment  of  a  cirde,  (^  which  the  chain  as  thousands  of  stars  arranged  in  all  the  sym- 
/  ia  ^e  rsdioB.  Tbe  lube  is  moved  from  meti;  of  an  ellipse  !  will  it  enable  us  to  com- 
wall  to  wall  by  the  ratchet  and  wheel  at  Jt ;  prehend  the  hitherto  incomprehensible  nalare 
the  wheel  ia  tnmed  by  the  handle  0,  and  the  and  origin  of  &&  light  of  the  great  nebols  of 
ntlchet  is  fixed  to  like  circle  on  the  wall.  Orion  1  will  it  give  us,  in  cauly  appreciable 
The  ladders  in  front,  as  shown  in  the  preceding  quantity,  the  parallax  of  some  of  the  fited 
sketch,  enable  the  observer  to  follow  the  tabe  in  atars,  or  will  it  make  sensible  to  us  the  paral- 
ita  ascent  to  where  the  gallerie*  OD  the  side-wall  lax  of  tbe  nobuhe  themsel<reB  !  finally,  ha-ring 
presented  to  ua  original  por- 
Fig,  99.  traits  of  the  moon  and  of  Ibe 

ndereal  heavcna,  sudi  as 
man  baa  never  dared  ercn  to 
anticipate,  will  it,  by  t)>- 
gueneo^ps  aid,  sdmioiater 
to  us  copiea  liiundcd  upoo 
tnitb,  and  enable  astnxx^ 
mars  of  Aiture  sgca  to  com  jiatt 
the  moon  and  heaTcns  aa 
they  than  may  be  with  the 
moon  and  heaTens  as  they 
were !  Some  of  these  qivs- 
tions  will  be  ajiswered  at- 
firmatiirely,  othen  negatiTe- 
ly,  and  (hat,  too,  very  short- 
ly; foilho  noble  maker  of  the 
noblest  mstiunien  t  ever  furm. 
edby  man '  has  cant  his  bmil 
upon  the  waters,  and  wiH 
with  God's  blcsaii^,  find  il 
Wl)  befbra  many  days,' " 
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HINTS  TO  AMATEUB8  IN  ASTRONOMY  RESPECTING  THE  CONSTRUC- 
TION OF  TELESCOPES. 

As  there  are  many  among  tha  lower  nnka  a  aaefiil  astroiomieal  telescope  when  a  better 

of  the  community  who  have  a  desire  to  be  mstiiiment  cannot  be  procured.  In  the  pawn- 

poflKSBod  of  a  telescope  which  will  show  them  brokers*  shops  in  London  and  other  places,  an 

some  of  the  prominent  featuies  of  celestial  old  achromatic  telescope,  with  an  object-glass 

scenery,  but  who  are  unable  to  purchase  a  20  inches  focal  dis^ce  and  about  H  inch 

finished  instrument   at    the  piioes  usually  diameter,  may  be  purchased  at  a  price  vaiying 

charged  by  opticians,  the  following  hints  may  from  15  to  20  shiUings.    By  applying  an  as- 

perhaps  be  acceptable  to  those  who  are  pos-  tronomical  eyepiece  to  such  a  lens,  if  a  good 

setsed  of  a  mechanical  genhis.  one.  it  may  bear  a  power  for  celestial  objects 

The  lenses  of  an  achromatic  telescope  may  of  60  or  60  times.  If  two  plano-convex  glasses 

be  purchased  separately  fiom  glaas-grindexs  three^ourths  of  aa  inch  focal  distance  be 

or  optician%  and  tubes  of  a  chei^  material  placed  with  their  convex  sides  near  to  eadi 

may  be  prepared  by  the  individual  himself  io?  other,  diey  will  form  an  eyepiece  which  will 

receiving  the  glaans.    The  following  are  the  produce  a  power  on  such  an  object>glaas  of 

prices  at  which  achramatic  objects-glasses  for  above  50  times,  which  wUl  show  Jupiter's 

astronomical  telescopes  are  generally  sold :  belts  and  satellites,  Saturn's  zing,  the  solar 

Focal  length  30  inches,  diameter  2ith  inches^  ^pots,  and  the  mountains  and  cavities  of  the 

fiom  2  to  3  J  gumeas.  Focal  length  42  inches,  moon.    I  have  an  object-glass  of  this  deserip- 

diameter  2|th  inches,  firom  5  to  8  guineas,  turn  which  belonged  to  an  old  telescope,  whidi 

Focal  length  42  inches^  diameter  S^th  inches^  cost  me  only  12  shilliilgs,  and  with  which  I 

fiom  12  to  20  guineas.    Focal  length  42  fonnally  made  some  usefiil  astronomical  ob- 

inches,  diameter  djth  inches,  fiom  25  to  80  servations.    It  was  afterwards  used  as  the 

giuneas.    Eyepieces,  from  lOs.  6(i^  to   18  telescope  of  a  small  equatorial  instrument, 

shillings.     The    smallest   of  these   lenses,  and  w^  it  I  was  enaUed  to  perceive  stan  of 

namely,  that  of  2jth  inches  diameter,  if  truly  the  first  and  second  magnitude,  and  the  planets 

achromatic,  may  be  made  to  bear  a  pqwer  of  Venus,  Jupiter,  and  Mars  in  the  daytime, 

firom  80  to  100  times  in  dear  weather'  for  But,  should  such  a  glass  be  still  beyond  the 

celestial  objects,  which  will  show  Jupiter's  reach  of  the  astronomical  amateur,  let  him 

moons  and  belti,  Saturn's  ring,  and  other  ce*  not  altogether  despair.    He  may  purchase  a 

lestial  phenomena.    The  tubes  may  be  made  single  lens  of  three  foot  focal  distance  for 

either  of  tin  plates,  papier  maehe,  or  wood,  about  a  couple  of  shillings,  and  by  applying 

Wood,  however,  is  rather  a  clumsy  article,  an  eyeglass  of  one  inch  focns,  which  may  be 

and  it  is  sometimes  liable  to  warp,  yet  excel-  procured  for  a  shilling,  he  will  obtain  a  power 

lent  tubes  have  sometimes  been  nnde  of  it  of  36  times,  which  is  a  higher  power  than 

Perhaps  the  cheapest  and  most  convenient  Galileo  was  able  to  apply  to  hu  best  telescope; 

of  all  tubes,  when  properly  made,  are  those  and  consequenthf ,  with  such  an  instrument, 

formed  of  paper.    In  forming  these,  a  wooden  he  will  be  enabled  to  perceive  all  the  celestial 

roller  of  the  proper  diameter  should  be  pro-  objects  which  that  celebrated  astronomer  first 

cured,  and  paper  of  a  proper  size,  along  with  described,  and  which  excited  so  much  wonder 

bookbinder's  paste.    About  three  or  four  lay-  at  that  period  in  the  learned  world;  but, 

era  only  of  the  paper  should  be  pasted  at  one  whatever  kind  of  telescope  may  be  used,  it  is 

time,  and,  when  sufficiently  dry,  it  should  be  essentially  reqmsite  that  it  be  placed  on  a  firm 

smoothed  by  rubbing  it  with  a  smooth  stick  stand  in  all  celestial  observations ;  and  any 

or  ruler ;  after  which  another  series  of  layers  common  mechanic  can  eaafly  form  such  a 

should  be  pasted  on,  and  allowed  to  dry  as  stand  at  a  trifling  expense, 

before,  and  so  on  till  the  tube  has  acquired  a  There  is  a  certain  optical  illusion  to  which 

sufficient  degree  of  strength  and  firmness.  In  most  persons  are  subject  in  the  first  use  of 

this  way  I  have,  by  means  of  a  few  old  news-  telescopes,  especially  when  applied  to  the  ce- 

papera  and  similar  materials,  formed  tubes  as  lestial  bodies,  on  which  it  may  not  be  impro* 

strong  as  if  they  had  been  made  of  wood.    If  pertomake  aremaik.  The  illusion  to  wh^  I 

several  tubes  be  intended  to  slide  into  each  allude  is  this,  that  they  are  apt  to  imagine  the 

other,  the  smallest  tube  should  be  made  first,  telescope  does  not  magnify  nearly  so  much  as 

and  it  will  serve  as  a  roller  for  forming  the  it  really  does;  they  are  apt  tocomplain  of  the 

tube  into  which  it  is  to  slide.  small  appearance  which  Jupiter  and  Saturn, 

An  achromatic  object-glass  of  a  shorter  for  example,  present  when  magnified  160  or 

focal  distance  and  a  smaller  diameter  than  200  times.    With  such  powen  they  are  apt 

any  of  those  steted  above,  maybe  fitted  up  as  to  imagine  that  these  bodies  do  not  appear  so 

16  4H                 (913) 
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large  m  the  moon  to  the  naked  eye ;  yet  it  thzoagh  the  teleaoope  with  the  one  eye,  and 

can  be  proved  that  Jupiter,  when  nearest  the  the  magnified  image  of  the  planet  be  hrooght 

earth,  viewed  with  such  a  power,  appears  into  contact  with  the  moon  as  seen  with  the 

about  five  times  the  diameter  of  the  full  moon,  other  eye*  the  one  eye  looking  at^  the  moon, 

and  26  times  laiger  in  sur&ce.    This  appean  and  the  other  viewing  the  magnified  image  of 

from  the  following  calculation :  Jupiter,  when  Jupiter  through  the  teleaoope  when  brought 

in  opposition,  or  nearest  the  Earth,  presents  into  apparent  contact  with  the  moon ;  then  it 

a  diameter  of  4/7"  \  the  mean  apparent  di-  will  be  peroeived  that  with  a  magnifying 

ameter  of  the  moon  is  about  31';  multiply  the  power  of  50  the  image  of  Jupiter  will  com- 

diameter  of  Jupiter  by  the  magnifying  power,  pletely  cover  the  moon  as  seen  by  the  naked 

800,  the  product  is  9400^', or  160^,  or  2^  W,  eye;  and  with  a  power  of  200— when  the 

which,  divided  by  31',  the  moon's  diameter,  moon  is  made  to  appear  in  the  centre  oi  the 

produces  a  quotiMit  of  6,  showing  that  this  magnified  image  of  the  planet— H  will  be  seen 

planet  with  such  a  power  appears  five  times  that  Jupiter  forms  a  laige  and  broad  circle 

larger  in  diameter  than  the  ftill  moon  tp  the  around  the  moon,  appearing  at  least  five 

naked  eye,  and  consequently  25  times  laigev  times  greater  than  the  diameter  of  the  moon, 

in  sur&ce.    Were  a  power  of  only  50  times  This  experiment  may  be  varied  as  follows : 

^plied  to  Jupiter  when  nearest  the  earth.  Suppose  a  peoHtn  to  view  the  moon  through 

that  planet  would  appear  somewhat  larger  a  small  telescope  or  opera-glass  magnifying 

^*>vi  the  fiill  moon ;  for  W  multiplied  by  50  three  times,  he  will  be  apt  to  imagin^^  at  fii«t 

f(Ves  235(K',  or  SO',  whioh  is  8'  more  than  sight,  that  she  is  not  in  thfi  ^east  magnified, 

the  diameter  of  the  moon;  yet  with  si^  a  but  rather  somewhat  diminished;  bat  let  him 

nower  most  persons  would  imagine  that  the  bring  the  image  as  seen  in  the  telescope  in 

nlanet  does  not  appear  one-third  of  the  sixe  contact  with  the  moon  as  seen  with  the 

of  the  full  moon.  naked  eye,  and  he  will  plainly  perceive  the 

The  principal  mode  by  which  a  person  may  magnifying  power  by  the  sixe  of  the  image, 

be  experimentally  convinced  of  the  fiillacy  to  It  may  be  difficult,  in  the  first  instance,  to 

which  I  allude  is  the  following:  At  a  time  look  at  the  same  time  at  the  magnified  imago 

when  Jupiter  happens  to  be  within  a  few  de-  and  thereal  object,  but  a  few  trials  will 

grees  of  the  moon,  let  the  planet  be  viewed  it  easy, 
(914) 
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